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1.1 INTRODUCTION

This manual supplies the information needed to test and use
the 16KRA Dynamic Read/Write Memory Module. So that you can use your
module most effectively and safely, we suggest that you read the en-
tire manual before attempting to use the 16KRA.

Should you encounter any problem in using the 16KRA, first
consult the manual for a possible solution. If you are unable to
find the solution, feel free to ask for our help.

1.2 GENERAL INFORMATION

1.2.1 16KRA Memory Description

The 16KRA Dynamic Read/Write Memory Module has a capacity of
16,384 eight bit words and operates in a dynamic mode. Periodic re-
freshing is done automatically by the module.

It is designed to operate in the Sol S-100 bus and a number
of other 8080 based computers such as the Altair 8800 and IMSAI 8080.
Lines interfacing to the S-100 bus are fully buffered, and extensive
noise immunity circuitry is used.

The 16KRA features switch selectable address selection. It
is organized into four "pages" of 4096 bytes each. Each page may be
independently assigned to any of 16 starting addresses at 4096 byte
intervals, starting with address @@@@ (hexadecimal).

This module will operate in Sol and other 8080 based com-
puters which have a 2 MHz @2 rate without imposing wait states during
normal operation. Access and cycle times are 400 and 520 nsec
respectively.

The 16KRA Memory requires +7.5 to +10 V dc at 0.8 amp max.,
+15 to +18 V dc at .15 amp max., and -15 to -18 V dc at .02 amp max.
An on-board battery connector is also included for connecting
standby power to provide long term data retention during power
loss.

1.2.2 Receiving Inspection

When your module arrives, examine the shipping container for
signs of possible damage to the contents during transit. Then in-
spect the contents for damage. (We suggest you save the shipping
materials for use in returning the module to Processor Technology
should it become necessary to do so.) If your 16KRA is damaged,
please write us at once describing the condition of both the ship-
ping container and its contents so that we can take appropriate ac-
tion.
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1.2.3 Warranty Information

In brief, the parts used on your 16KRA and the module itself
arc warranted against defects in materials and workmanship for a
period of one year following the date of purchase. Refer to Appendix
I for the complete "Statement of Warranty'.

1.2 4 Replacement Parts

Order replacement parts by Processor Technology part number,
component nomenclature (e.g., DM8131l) and/or a complete description
(e.g., 6.8 ohm, % watt, 5% resistor).
1.2.5 Factory Service

In addition to in-warranty service, Processor Technology also
provides factory repair service on out-of-warranty products. Before
returning the unit to Processor Technology, first obtain our authori-
zation to do so by writing us a letter describing the problem. After
you receive our authorization to return the unit, proceed as follows:

1. Write a description of the problem.

2. Pack the unit with the description in a container
suitable to the method of shipment.

3. Ship prepaid to Processor Technology Corporation.

Your unit will be repaired as soon as possible after receipt
and shipped to you prepaid. (Factory service charges will not exceed
$20.00 without prior notification and your approval.)

REV A 1-2 16KRA
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2.1 IHIANDLING PRECAUTIONS ** IMPORTANT**

Though the 16KRA is already assembled and tested, you may
have a future need to replace components and/or male measurements on
the board. Integrated circuits (IC's) can be damaged by improper han-
dling. Also, the module itself can be damaged by indiscriminate use
of clip test leads as well as improperly installing it in, or removing
it from, the computer.

It is important, therefore, that you carefully read and
observe the following precautions before testing or using the LOKRA
or replacing any IC.

2.1.1 Installing and Removing the 16KRA

To avoid any poszsible static elnctricity discharge damage to
the MOS elements used o the LEKRA, always place one hand on the com-
puter chassis before touching the modulc and use your other hand for
the module. (Just remcmber to handle the module so that no discharge
flows through it and you 11 do [fine.) This precaution holds true
whether you are installing or rcemoving thea 16KRA.

NEVER install the 16KRA in, or recmove 1t from, the computer
with the power on. To do so can damage the module or the computer.

When installing the module, first make sure that you have it
oriented correctly in relation to the bus pins. That is, be sure
that pin 1 on the module edge connector mates with pin 1 of the bus
connector. (If you install it reversed, you can damage the 16KRA or
computer when power is turned on.) Slide module into card guides
until its edge connector just enters the bus connecctor. Then push
on module until it 1s fully seated in the bus connector,

2sla2 Handling MOS Integrated Circuits
The memory IC's used on the 16KRA are MOS devices. They can

be damaged by static electricity discharge. Always handle MOS IC's
so that no discharge will flow through the IC. Also, avoid unneces-

sary handling and wear cotton--rather than synthetic--clothing when
you do handle these IC's.
2s1.3 Tnstalling and Removing Integrated Circuits

NEVER install or remove integrated circuits while power is
applied to the 16KRA. To do so can damage the IC.

2:1:4 Usc of Clip Leads

Clip leads attached to the ends of the module are apt to
short to IC pins.

(Continued on Page IT-2.)
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Always attach ground clips to the lower edge of the board
near edge connector pin 50 which is located at the right end of the
connector when the board is oriented as specified in Paragraph 2.2.1.
(A terminal (wire) is attached to pin 50 to provide a convenient
grounding point.)

NOTE

Tne heat sink bar is a poor ground since
its finish is nonconducting.

2.2 BOARD LAYOUT
2.2.1 Orientation

With the component (front) side of the module facing up and
the edge connector at the bottom, the heat sink bar will be near the
top edge of the circuit board. Subsequent position references in the
next paragraph assume this orientation. (See Assembly Drawing in
Section VI, page VvI-1.)

2.2.2 Layout

On the component side of the board, edge connector pin 1 1is
at the left end of the connector and pin 50 is at the right end.
Pins 51 and 100 are at the left and right ends respectively on the
solder (back) side.

In the upper left corner are the address (page) selection
switches. (See Section IV for the page and address line assignments
for these switches.) Across the top half of the module is the memory
array, two rows of 32 memory IC's separated in the middle by five
drivers. Figure 2-1 shows the page and bit assignments for the
memory IC's. The heat sink bar runs across the board between the two
rows of memory IC's.

Moving down to the lower half of the board you see all of thc

control logic for the 16KRA. In the lower left corner is the battery
backup power connector.
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3.1 16KRA CHECKOUT PROCEDURE

Your 16KRA Memory Module is fully inspected and tested before
shipment to insure that it is operating correctly and that it meets
specifications. It is then packaged for safe transit under normal
shipping conditions. Your module should, therefore, arrive in your
hands ready for use.

We nevertheless recommend that you precheck your 16KRA as
outlined in the following paragraphs before using it.
3.2 PRE-OPERATIONAL CHECK

Before installing the module in your computer, visually in-
spect 1t for obvious physical damage. Also check that all integratcd

circuits (IC's) are fully seated in their sockets. If physical
damage exists, follow the instructions given in Section I, Paragraph
1l.2.2. 1If your inspection reveals no problems, proceed with the

memory test.

3.3 MEMORY TEST
Install the 16KRA in your computer and test it for proper
operation. Test programs and instructions for testing the module are
provided in Appendix V.
CAUTION

NEVER INSTALL OR REMOVE 16KRA WITH COMPUTER
POWER ON.
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4.1 OPTION SELECTION

Jumper options that control five operating parameters
are provided on the 16KRA Memory Module. They are: waiting time,
power-up initialization, phantom memory disablie, DMA waiting
time, and ready line option. The starting address for each page
is switch-selectable. Use the following option selection instiruc-
tions in conjunccion with the assembly drawing in Section VI.

NOTE

We recommend you use #24 bare wire for
jumpers. Simply bend a small loop of
wire and insert about 1/4 inch of wire
into each Augat pin.

4. 2 WAITING TIME O2TTION (AREA A)

Since tne 16KRA operates at maximum speed, you normally will
not enable the waiting time option. To configure the 16KRA for no
waiting time, install a jumper between the W and @ pins in Area A.

For special applications, you may want to enable the waiting
time option which provides one wait state that is 0.5 usec long. To
enable the wait state, install a jumper between the W and 1 pins in
Area A.

4.3 POWER~UP INITIALIZATION OPTION (AREA B)

The Jjumper arrangement in Area B determines whether the 16KRA
will come up in the protected or unprotected mode when power is ini-
tially applied or restored after a power failure. In the protect
mode a random operation cannot impropcrly rewrite retained data.

To select the power-up protect mode, install a jumper between
the CLR and P pins in Area B.

To select the power-up unprotect mode, install a jumper be-
tween the CLR and U pins in Area B.

NOTE

If your computcr does not use the PROT
(protect) and UNPROT (unprotect) lines,
PROT (S-100 Bus pin 7@) must be con-
nected to zero volts.
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4.4 MEMORY DISABLE OPTION (AREA C)

Select the phantom option if the 16KRA will bhe used at
address ¢ in conjunction with a system which uses a phantom start-
up procedure, such as the Processor Technology Sol, GPM, or ALS-8
Firmware Module. To enable this option, install a jumper between
the two pins in Area C. With this jumper installed, the 16KRA
will be disabled by the signal PHANTOM, supplied on $-100 pin 67.

If the 16KRA is not to be used at address @, or is not
to go in a system using phantom start-up, do not install the jumper.

4.5 DMA OPTION (AREA D)

The jumper arrangement in Area D determines when the refresh
timer (Ql and U63-8) is reset to zero. Two options are available.

The first, DN, is normally used. With this option selected,
the refresh timer is reset to zero at every refresh cycle. A DMA de-
vice which sends no read request for 6 usec will encounter a wait
state while refresh is done. With this option a DMA device must
observe PRDY or be prepared to accept data errors if its requests
are coincident with spontaneous refresh. To select this option, in-
stall a jumper between the D and DN pins in Area D.

If DR 1is c¢nabled...

...the refresh timer is reset to zero after read and write
cycles as well as after refresh cycles.

...a DMA device which sends a read or write request within ©
useconds will not encounter wait states.

...loss of refresh may occur on long DMA transfers that con-
tain no read requests.

To enable this option, install a jumper between the D and DR
pins 1in Area D.

DO NOT select this option unless it is absolutely necessary.
If you do use this option, remember that REFRESH IS THE RESPONSIBILITY
OF THE DMA DEVICE. Check with us before using the DR option.
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4.6 READY LINE OPTION (AREA E)

The 16KRA requires a wait period under certain unusual
circumstances. The wait period is generated when pin 23, Ready,
of the 8080 microprocessor is pulled low. The Ready line is driven
by S100 bus signals XRDY (pin 3) and PRDY (pin 72). Different
computers require the use of one of these two signals with their
memory boards. Consult the manual for your computer to determine
which to use. (The Sol Terminal Computer uses PRDY.)

1To select PRDY, jumper pin C to pin P in Area E.
To select XRDY, jumper pin C to pin X in Area E.

NOTE

Revision D and E 16KRA circuit boards are
wired for the PRDY option only. Connection
to XRDY may be made by cutting a trace and
soldering a jumper in place.

4.7 STARTING ADDRESS

Each of the four 4096 byte pages in the 16KRA can be indepen-
dently addressed with the dual inline (DIP) switches located in the
upper left corner of the module (board oriented as specified in Sec-
tion II). Page and address line assignments for these switches are
shown in Figure 4-1 on page IV-4.

You can assign the same starting address to two, three or all
four pages on one 16KRA module with no ill effect.

In general, you may not assign any memory space to a 16KRA
that is already assigned to another 16KRA module--or any other memory

module--if they are to share the same bus simultaneously. To do so
will cause the bus drivers to "fight" for possession of the bus which
will result in improper operation or damage. (One exception to this

general rule is if you enable the phantom memory disable option which
allows the ALS-8 to share address zero with a 16KRA.)

To select the desired starting address for a page, set the
four DIP switches associated with the page as shown in Table 4-1 on
page IV-4. (Only the indicated starting addresses are available. No
intermediate addresses can be used.)
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Table 4-1. 16KRA Starting Address Selection.

STARTING ADDRESS DIP SWITCH SETTINGS
Decimal Hex al5 Ald Al3 Al2
0 00C0o X X X
4,096 1000 X X X C
8,192 2000 X X C X
12,288 3000 X X C C
16,384 4000 X C X X
20,480 5000 X C X C
24,576 6000 X C C X
28,672 7000 X C C C
32,768 8000 C X X X
36,864 9000 C X X C
40,960 A0O0O C X C X
45,056 BOOO C X C C
49,152 Cc000 C C X 3
53,248 DOOO C © X @
57,344 EOOO C C C X
61,440 FO00 c & C
X = switch open, or OFF (in down position)
C = switch closed, or ON (in up position)

AlS5 Al4 Al3 Al2 AlS

Al4d Al13 Al2

SW1-8 E} D D

1

00 &=

Page 2

Page 3

o) [ ) [

I A
A

Page 4

I 0 B

1 A15 Al4 13 Al2 aAlS

Al4 Al3 Al2

;

Swl-1

Sw2-1

UPPER LEFT CORNER
OF 16KRA MODULE

Figure 4-1. Page And Address Line Assignments for
Address Selection Switches.

4-4
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51 OVERVIEW

Refer to 16KRA schematic in Section VI, page VI-2, and
16KRA Block Diagram, page VI-3.

In the 16KRA a cycle is a timed sequence of events that per-
form one memory access. There are six kinds of cycles--read, write,
refresh, unselected, coincidence and null--and all are initiated by
RC or MC. One or a group of cycles intended to accomplish a desired
result is called an "operation". A number of operation types are
possible in the 16KRA, but there are four intended operations: read,
ready write, unready write and spontaneous refresh. All other opera-
tions are variations of the intended operations and result from asyn-
chronous coincidence between intended operations.

Since the memory IC's (2104) used in the 16KRA are dynamic
memories in which the data cells operate by stored electrical charge,
stored data must be read and restored periodically. Otherwise, cur-
rent leakage would eventually change the stored data. The restoring
process is called "refreshing" the memory, or simply "refresh".

The 16KRA provides memory refresh as required without any
external intervention. In most cases it is done without introducing
any delay to the CPU or DMA device controlling the module.

Address lines Al2-Al5 are compared to four sets of four
switches to select one or none of four 4K memory arrays called
"pages". Each page consists of eight 2104 memory IC's.

Address lines A@-11 are applied to a four-input multiplexer
(U65-U67) in two groups of six. These two groups are selected in
succession to the memory address drivers (Ul10, U31l, parts of U9, U29),
which drive the memory address inputs.

Row Address Strobe (RAS) is applied to the eight memory IC's
of the selected page. Its leading edge causes these eight IC's to
store the first group of six address bits (A@-A5), called the row ad-
dress, and to start a memory cycle.

Subsequently, column address strobe (CAS) is applied to all
of the memory IC's. It causes them to release their data outputs to
the 3rd state (open circuited). 1Its leading edge causes those
selected by RAS to store the second group (A6-All), called the column
address.

. CAS samples Write Enable (WE) to determine whether this cycle
is to write data into memory, or read data from memory.

The contents of the Data Out Bus (DO@-D0O7) are applied to the
Data In pins of the memory array by eight Memory Data drivers (U5O0,
U51). One bit from the Data Out bus is applied to four memory IC's,
one in each of the four pages.
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In a memory write operation, CAS causes the selected eight
memory IC's to store the data found on their Data In pins in an in-
put latch. This deta is subsequently stored at the location de-
scribed by the row and column addresses.

In a memory read operation, the selected eight memory IC's
receive data from the address indicated, send it to their output
latches, and enable their output drivers.

Shortly after the end of RAS and CAS, the read data is
latched into the output register (U52,U53), and sent to the Data In
Bus (DI@-DI7) by the DI Bus Drivers (U68,U69) if these are enabled.

Addressing is summarized here:

Ag -A5 Selects Row inside memory chips
A6 -All Selects Column inside mzmory chips
Al2-Al1S Selects one (or none) of four pages

and selects (or deselects) this board.

5.2 5-100 BUS SIGNALS

The host machine and 16KRZA communicate with one another over

the 5-100 Bus. Table 5-1 identifies these signals and their source
and defines their function.

NOTE

The 16KRA ignores all $-100 Bus signals
except those listed in Table 5-1.

5.3 DETATILED DESCRIPTION

5.3.1 Page and Board Selection

Page and board selection depends on address bits Al2-Al5 and
on four groups of four =switches.

Each group of four switches describes one of 16 possible

starting addresses. Each group of four switches corresponds to one
page of eight memory IC's.

The contents of each group of four switches is compared to
address bits Al2-Al5 by four open collector exclusive OR gates (Ul9,
U20,040,041). If a match is found, the (wire AND'ed) output line

common to that group of four is allowed to rise. These four lines
are called match lines.
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Table 5-1., Summary of $-100 Bus Signals and Their Use.

SIGNAL SOURCE r FUNCTION
MEMWRT Computer Leading edge may initiate write operation.
PSYNC Processor Trailing edge may request a read or re-

fresh cycle, and may erase a deferred re-
quest (reset QU) or prevent a refresh.

@2 Computer Trailing edge during SYNC or QU sets QU
(deferred) if a cycle is in process, or
clears QU and starts a read cycle if no
cycle is in process. It also clocks
walt binary.

DO@-7 Processor Data source for write operation.

Ag-11 Processor Address source for memory array.

Al2-15 Processor Input source for page and board selection.

SINP Processor Inhibits board selection.

SOUT Processor Inhibits board selection.

SMEMR Processor Allows output data drivers to be enabled
on read. Inhibits clocked refresh during
write operation.

SWO Processor Inhibits spontaneous refresh during write
operation.

PDBIN Processor Allows output drivers to be enabled on
read.

PWR Processor When high at leading edge of MEMWRT, in-

dicates a front panel write and requests
a read so the front panel will display
the new data.

PHANTOM Computer Inhibits board selection.

(optional)

PROT Computer Write protects 16KRA if high and board
is selected. (Wire it low 1f your ma-
chine doesn't provide it.)

UNPROT Computer Unprotects 16KRA if high and board is
selected.

DI1Ig-7 16KRA Data delivered here after a read. Dri-

vers are enabled by BOARD SELECT and
PHANTOM and SMEMR and PDBIN.

| PS 16KRA Indicates selected board is write pro-
tected if low.
PRDY 16KRA Indicates selected board is ready if
highs
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Each match line corresponds to a page. A one (high) on any
match line causes those of higher page number to be held at @, thus
only one page can be enabled (that with the lowest page number) even
though more than one switch set may match Al2-A15. This feature al-
lows the 16KRA board to be used in systems where less than 16K 1is
needed-

During memory cycles, the four match lines are selected by
the multiplexer (U42) to drive the four PAGE lines. The PAGE lines
select one or none of four RAS drivers. The PAGE lines are or'ed
together in pairs to enable one or none of the two groups of six
memory address drivers.

Only half of the address inputs of the memory array are dri-
ven at any one time. This is done to reduce peak current surges in
the memory array.

A section of U60 forms the signal SINP+SOUT. The four match
lines are and'ed with this signal and OR'ed together onto one line
by U43 and appear at U44-8 as BOARD SELECT. BOARD SELECT e PHANTOM
enables the PS and PRDY drivers (U63-11).

U62-8 forms BOARD SELECT e SMEMR e PDBIN e PHANTOM which
enables the DI Bus Drivers, sending the contents of the output regis-

ter to the DI Bus only during read operations when this board is
selected.

The binary WR 1is clocked by the leading edge of MEMWRT. A
low at WR will result in a WRITE operation. WR can be clocked low
only if this board is selected and not write protected. The gates at
U70-3, U61-3 and U63-8 provide the necessary signal at the K input of
the binary WR.

5£3x2 Memory Array and Drivers

The memory array consists of 32 2104 4K dynamic IC's arranged
in four groups of eight. Each 2104 can store 4096 bits, and each
group of eight stores 4096 bytes.

The 2104 is a 16 pin package. Four pins provide power (@V,

+5V, +12vV, -5V). One pin connects data in and another connects data
out. Six pins carry address data (12 bits in two six bit samples).
The remaining four pins control memory operation. RAS provides se-

lection and timing, CAS provides timing, WE selects read or write,

and CS (chip select) is wired to @V (enabled) since selection is
being done by RAS.

In the manufacturer's data some of these 12 signals are de-

finecd to be active low. (WE, CS, RAS, CA8). Others are defined ac-
tive high, but all are arbitrary (six Addresses, Data In, Data Out).
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In the 16KRA Module, all 12 signals at the memory pins are
defined to be active low.

All memory inputs on the 16KRA Module are driven by special
memory drivers (seven packages of 75365's). 2104's are nominally TTL
compatible, but better noise margins are achieved by using external
drivers.

5.3.3 Cycles

The timing of all six cycles (Read, Write, Refresh, Unse- _
lected, Coincidence and Null) is identical. Each consists of a nomi-
nal 370 nsec active period and a nominal 150 nsec recovery period.

Either of two signals, MC or RC., can initiate a cycle. RC
describes a vefresh cycle and MC describes a recad or write cycle.

MC and RC are or'ed in U61l, with the output on pin 8 being
applied to U71. U771 is a delay line with outputs which reproduce
MC+4+RC drlayed by 100 nsec (pin 14), 150 nsec (pin 4), 250 nsec (pin
12) ana 350 nscc (pin 6). This is a passive delay line consisting of
LC sections and TTL drivers built into the input and output lines.

These four declayed outputs are connected to a four-input nand
gate (U57-6), the output of which is used to reset the binaries pro-
ducing RC and MC. This reset will occur 350 nsec after the rise of
RC or MC. RC+MC will then fall, and 100 nsec later U57-6 will rise
again, releasing the resets of RC and MC.

The above cycle contains passive delays totaling 450 usec,
and propagation delays through logic stages totaling 50 nsec min, 70
nsec typical. RC or MC will be on for about 370 nsec and off for
about 150 nsec, giving a cycle duration of about 520 nsec.

Each cycle is described by the signal CY which is set to 1 at
two propagation delays after the rise of MC+RC, and clocked to a @ by
the trailing (rising) edge of U57-6. Thus a cycle can be defined as
the time during which CY is on.

MC+RC causes RAS (row address strobe) at the selected page of
memory IC's. The signal WE (write enable) determines whether an MC
is a read or a write. It controls the WE inputs to all memory IC's.
The signal QU describes a failed attempt to perform a memory cycle.
Presence of QU requests that another attempt at a memory cycle be
made, and causes an unready (low on PRDY) if this board is selected.

The signal CAE (column address enable) is clocked to a 1 by
the 100 nanosecond delay tap, only if MC is high. Its presence
causes the address multiplexer to present the second group of six

address lines to the memory address drivers. It is reset to @ by the
removal of MC+RC.
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The signal CAS (column address strobe) is clocked to a 1 by
the 150 nsec delay tap, unless RC and MC are both on. Its presence
causes CAS to be applied to all memory IC's. It is reset to @ by thc
same signal which resets MC and RC.

In summary, a cycle starts with MC or RC. RAS comes on and
samples the row address. At 100 nsec the column address 1s presented.
At 150 nsec CAS usually comes on, sampling the column address, write
enable, and the input data (DO Bus) 1f a write. At 350 nsec RAS and
CAS are removed, and output data may be clocked to the output regis-
ter. At 520 nsec a new cycle may start.

Rcad Cycle

This normal cycle retrieves data from the indicated address.
If SYNC or QU is present, the trailing edge of @2 clocks MC to a 1 to
start a cycle. RC remains at @. RAS occurs at the selected page of
memory, causing the row address to be saved, and starting a cycle
within each of eight memory IC‘s. CY goes to 1.

After 100 nsec CAE is clocked to a 1. The column address is
presented to the memory address drivers.

After 150 nsec, CAS is clocked to a 1. CAS occurs at all
memory IC's, causing all to release their data output to the third
state. Within the eight memory IC's selected by RAS, the column ad-
dress is saved, and WE is sampled. This is a read cycle, so WE 1is
high, and the input data is ignored. At some time bcfore 350 nsec
from the start, each of the eight selected chips will enable its
output pin which will contain valid data.

After 350 nsec, reset occurs and both MC and CAS become ¢.
RAS is rcmoved and CAE becomes @. Output data is clocked to the out-

put register and enabled to the DI Bus (if this board is selected,
and SMEMR and DBIN are high).

After 520 nsec, CY goecs to @ and a new cycle may start.

Write Cycle

This normal cycle stores data at the indicated address.

The signal WE becomes a 1. This causes MC to become a 1 to
start a cycle. RAS occurs at the selected page of memory, causing
the row address to be saved and starting a cycle within each of the
eight selected memory IC's. CY becomes a 1. RC remains at .

After 100 nsec CAE is clocked to a 1. The column address is
presented to the memory address drivers.
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After 150 nsec CAS is clocked to a 1. CAS occurs at all mem-
ory IC's, causing all to release their data outputs to the third
state. Within the eight memory IC's selected by RAS, the column ad-

dress is saved, and WE is sampled. WE is found to be low. Sometime
before 350 nsec, the input data will be stored at the indicated ad-
dress. At some other time before 350 nsec, the selected eight memory

IC's will enable their outputs, and present 1's there.

After 350 nsec, reset occurs. MC, CAS, and WE become @F. RAS
is removed, CAE becomes @. Output data (all 1l's) is clocked to the
output register, but not enabled to the DI Bus since SMEMR and PDBIN
are low.

After 520 nsec CY becomes a @ and a new cycle may start.

Refresh Cycle

This normal cycle refreshes the data in one row in the eight
memory IC's of one page. Since there are 64 rows in each IC, and
four pages on this board, a complete refresh will require 256 refresh
cycles. The eight bit refresh counter (U49,U64) indicates one of
these 256 states.

RC becomes a 1. The address multiplexer selects the high or-
der six bits of the refresh counter as the source of address for the
memory address drivers. The page multiplexer selects the four out-
puts of U58 as the source of data for the page lines (instead of the
match lines). U58 enables cne of four lines selected by the two
least significant bits of the refresh counter.

RAS occurs at the selected page of memory, causing the row
address (from the refresh counter) to be saved, and starting a cycle
within each of the eight selected memory IC's. CY becomes a 1.

After 100 nsec CAE is clocked, but does not go to 1 since MC
is low. The address multiplexer continues to present the row address.

After 150 nsec, CAS is clocked to a 1. CAS occurs at all mem-
ory IC's, causing all to release their data outputs to the third
state. The column address is saved and WE is sampled and found to be
high. Input data is ignored. Before 350 nsec the data described
(which is irrelevant) is presented at the outputs.

After 350 nsec, reset occurs. RC and CAS become @. RAS is
removed, CAE is already @, so CAE is high, and the refresh counter
counts 1. TCAE, being high already, does not rise, so the output data
is not clocked to the output register. The output data remains the
same.

After 520 nsec, CY becomes @, and a new cycle may start.
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To the Memory IC's selected, this seems to be a normal read
cycle. They are designed to refresh all data within a row each time
that row is accessed by a RAS, regardless of the details of a cycle.

Unselected Cycle (CAS only cycle)

This normal cycle has no external purpose. It 1s the result
of the method used to accomplish refresh.

If SYNC or QU is present, the trailing edge of @2 clocks MC
to 1 to start a cycle. RC remains at @. The address does not repre-
sent any page on this board, so no page is selected, and BOARD SELECT
is low.

Since no page is selected, no memory chips receive RAS. none
start a cycle.

After 100 nsec CAE 1is clocked to a 1. The column address is
presented to the address drivers.

After 150 nsec, CAS is clocked to 1 and CAS occurs at all
memory IC's, causing all to release their data outputs to the third
state. No memory IC's have been started by RAS, so no address stor-
age and read occur. WE is high, but isn't used anyway.

After 350 nsec, reset occurs, MC and CAS become $. CAE be-
comes @Y. The output pins are third state and this indeterminate data
is clocked to the output register destroying the previous data. The
output does not get enabled to the DI Bus because this board is not
selected.

After 520 nsec, CY goes to @, and a new cycle may start.

Coincidence Cycle

This is an abnormal cycle which occurs when two asynchronous
requests for memory occur at times such as to set both RC and MC to 1
at approximately the same time.

Normally RC and MC do not both occur in one cycle, since the
presence of each is intended to prevent the other. Due to propaga-
tion delays, it is impossible to make them totally mutually exclusive,
however, it is guaranteed that if both are to occur, the second will
follow the first by only a few stage delays (typically less than 50
nsec). The COINCIDENCE CYCLE is an example of this.

RC or MC occurs. Before inhibition is complete the other of
RC or MC occcurs. Subsequent events in the cycle are timed by the
first of the two. WE may be in either state.
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RAS occurs at the selected page of memory, causing the row
address to be saved and starting cycles in these eight memory IC's.
Shortly after botih RC and MC=1, RC @ MC becomes a @. This signal
forces QU to 1, indicating a failed attempt and a request for a new
attempt. QU causes PRDY to go low since this board is selected.

After 100 nsec, CAE is clocked to a 1 and column address @
is presented to the memory drivers.

After 150 nsec, CAS is clocked, but it does not go to 1 since
its J input (MC e RC) is low. No CAS occurs. The memory IC's selec-
ted by RAS execute a RAS only cycle. This refreshes some row of mem-
ory and has no consequences external to the memory IC's. WE does not
get sampled, and no memory chips change the state of their outputs.

After 350 nsec, reset occurs. MC, RC become @. RAS is re-
moved. Since CAE is low, the refresh counter does not advance. (Co-
incidence cycle is not counted as a good refresh.) CAE is reset to
@, clocking unknown data into the output register which is enabled to
the DI Bus. (The processor or DMA device must observe the low on the
PRDY line. This is bad data.)

After 520 nsec, CY goes to @ and a new cycle may start. Note
that if the coincidence cycle started at a @2 trailing edge, then the
next @2 trailing edge has already occurred. In this case, QU remains
set and the next subsequent 2 trailing edge will start a new cycle.
Thus a coincidence cycle may cause two consecutive wait states.

Null Cycle

The NULL Cycle is a coincidence cycle which is also an unse-
lected cycle.

Both RC and MC occur at appro::imately the same time. The ad-
dress does not represent any page on this board, so all four match
lines, and BOARD SELECT are low. The row address chosen is the re-
fresh address, so one page line (from the refresh counter via U58) is
high. RAS occurs at the selected eight memory IC's, causing each to
store the row address and start a memory cycle. Shrortly after MC and
RC become a 1, MC @ RC becomes a @, and sets QU to a 1, indicating a
failed attempt and a request for a new attempt. QU does not cause
PRDY to go low since this board is not selected. This is the differ-
ence between a NULL CYCLE and a COINCIDENCE CYCLE.

After 100 nsec, CAE is clocked to a 1. Column address @ is
presented to the memory drivers.
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After 150 nsec, CAS is clocked, but is does not go to @ since
its J input (RC @ MC) is low. No CAS occurs. The memory IC's selec—
ted by RAS execute a RAS only cycle. This refreshes some row of mem-
ory and has no consequences external to the memory IC's. WE does not
get sampled, and no memory chips change the state of their outputs.

After 350 nsec, reset occurs. #C and RC become @#. RAS is
removed. Since CAE is low, the refresh counter does not advance.
(The NULL CYCLE is not counted as a good refresh.) CAE is reset to #,
clocking unknown data into the output register which is not enabled
to the output bus since this board is not selected. (This bad data
may appear on the DI Bus ne:ut time this board is selected, but it
will be replaced by the requested data during that cycle.)

After 520 nsec, CY goes to @ and a new cycle may start.
The QU caused by a NULL CYCLE remains only for the duration

of SYNC. PRDY does not go low since this board is not selected.

5.3.4 Operations

An operation is a group of one or more cycles which achieves
a desired result.

There are four intended operaticns. They are: READ, READY
WRITE, UNREADY WRITE, and SPONTANEOUS REFRESH.

Many other operation types occur, but all are variations of
these intended operations which arrive at their intended result by
an abnormal sequence because of the occurrence of an abnermal cycle

(COINCIDENCE or NULL CYCLE), or because of deselection from one of
several socurces.

Read Operation

SYNC occurs. It remainsg for 1 clock period, rising after a
@2 leading edge, and falling after the next @2 leading edge. To the
16KRA module, SYNC is a request for an operation.

The @2 trailing edge during SYNC clocks MC to a 1 to start
a READ CYCLE.

Scon PDBIN and SMEMR become 1, defining this as a READ oper-

ation. About 400 nsec after the ¢2 trailing edge, the data fiom mem-
ory appears on the DI Bus.

The trailing edge of SYNC clocks SR to a 1 since its J input
(SMEMR) is high, requesting a RESET CYCLE.
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At 500 usec or before, the next @2 trailing edge finds SYNC
removed and does not set MC. At 520 nsec, CY is reset, and the
trailing edge of CY clocks RC to a 1, starting the requested RESET
CYCLE. SR is reset to @. At 1040 nsec the refresh cycle ends. CY
is reset to @, and the READ operation is complete.

Note that the READ operation accomplished the reguested mem-
ory read, and also did one refresh. When controlled by an 8080 with
a @2 rate of 2 MHz, the refresh cycles which occur in read operations
provide all the refresh required, and no wait states occur. Opera-
tion at @2 rates greater than 3 cycles per 1040 nsec (2.88 MHz) will
cause wailt states to occur.

Ready Write Operation

READY WRITE is the normal operation for placing data in mem-
ory. It occurs with the processor or DMA device active (sending
SYNCS) .

SYNC occurs. It rises after a @2 leading edge and falls
after the next @2 leading edge. To the 16KRA module, SYNC is a re-
quest for an operation. The @2 trailing edge during SYNC clocks MC
to a 1 to start a READ CYCLE. SMEMR and PDBIN do not rise; therefore
the data read from memory appears in the output register, but not on
the DI Bus.

At 520 nsec, CY will become @, ending the read cycle.

At some time before or after 520 nsec, PWR will go low to
cause MEMWRT to become a 1. If this board is selected, unprotected,
and PHANTOM is a 1, the leading edge of MEMWRT will set WR to (.
MEMWRT must be present for about 50 nsec or longer to do this. This
is because of the slow rise of the signal at the clock input of WR.
It has been deliberately loaded with a capacitor (C48) to prevent
write cycles from originating from noise spikes on MEMWRT .

WR @ CY is applied to the clock input of WE. If no cycle is
in progress, WE is clocked by the leading edge of WR. If the read
cycle is still in progress when WR rises, WF is clocked by the trail-
ing edge of the cycle. WE is clocked to a 1, and sets MC to a 1 to
start a WRITE CYCLE.

At about 520 nsec after WE is clocked, CY becomes @, ending
the write cycle and the READY WRITE OPERATION.

The timing of PWR in the READY WRITE operation is likely to
determine the maximum @2 frequency which the 16KRA module can serve
without causing wait states. If PWR comes early enough, this could
be equal to the similar frequency limit for read operations (3 cycles
per 1040 nsec, or 2.88 MHz). PWR will probably not come this early
and the frequency limit for READY WRITE will probably be lower.
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Note that at the trailing edge of SYNC, SR was clocked but re-
mained a @ since SMEMR was low. The trailing edge of CY clocks RC,
but it remains a ¥ since SR is @. No refresh cycle occurs during the
READY WRITE operation.

Unready Write Operation

The UNREADY WRITE operation is the normal sequence for stor-
ing data in memcry from the front panel of an S100 microcomputer.

These machines provide a "RUN/STOP" switch. When STOP is
used, the front panel sends an unready signal (typically XRDY low).

Memory write from the front panel is done by opcrating a
"DEPOSIT" Switch which ultimately fires a deposit oneshot which pul-
ses MEMWRT. Before and during this MEMWRT pulse, the 8080 is in
WAIT, and there are no SYNC pulses.

If this board is selected, unprotected, and PHANTOM is a 1,
the leading edge of MEMWRT will charge the capacitor at the clock
input of WR, and if MEMWRT is long enough it will set WR to a 1.

WE will be clocked to a 1, setting MC and starting a WRITE
CYCLE.

At the leading edge of MEMWRT, PWR is high since this MEMWRT
1s caused by DEPOSIT, and the processor is in WAIT. The leading edge
of WR clocks SQ to a 1. This sets QU to a 1 to request a read cycle.
PRDY goes low, but this doesn't matter since XRDY is already low.

At the first @2 trailing edge after the WRITE CYCLE 1s com-
plete, MC is clocked to 1 to start a REZAD CYCLE, and QU is clocked to
@, raising PRDY.

This read cycle places the data just stored on the DI Bus for
display on the front panel.

Since there was no SYNC, no RC results.

Spontaneous Refresh Operation

At any time that there has been no RC for 6 usec, current
thru R12 will have charged capacitor C46 to a voltage high enough to
fire the Schmidt trigger, U62-6. This will set RC to a 1, starting a
refresh cycle.

Presence of a 1 on RC causes Q1 to discharge C46 which resets
the 6 usec timeout.

The SPONTANEOUS REFRESH operation consists of only 1 cycle, a
refresh cycle.
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Other Types of Operations

The four operations just described represent the four in-
tended operations in their simplest forms. Each is subject to varia-
tions due to asynchronous coincidence with one of the others, and
some have variations due to factors such as deselection by BOARD
SELECT, PHANTOM and WRITE PROTECT Detailed descriptions of these
variations 1s beyond the scope of this manual.

5.4 REFRESH

Refresh is normally accomplished by the READ operation which
slips a refresh cycle in after each memory read access. When the
computer is running, executing normal 8080 code, read operations are
attempted so often that no spontaneous refresh operations ever occur.
This is true because all instruction fetches are read operations.

When no read operation has been requested for 6 usec, a spon-
taneous refresh will occur. This may happen during WAIT (front panel
operation), HOLD, or HALT (or when the computer is off if this board
is battery supported).

A spontanecus refresh will occur every 6 usec as long as nor-
mal operation is suspended.

When normal operation is resumed, a coincidence with a read
or write request may occur, and this may result in one or two wait
states as described abovc

Direct Memory Access (DMA) is accomplished by a DMA control-
ler which requests HOLD. The processor sends PHLDA when ready. and
stops operation. The DMA device then disables the processor from the
bus, enables itself to the bus, and usurps the role of the CPU. The
usual object of this is to transfer a large block of data between
some external device and memory

In general, the 16KRA will operate satisfactorily with DMA
devices which obey the normal 8080 conventions. Due to the large
variety of possible DMA devices, we recommend that compatibility of
any specific DMA device be verified.

Jumper option D (Area D) allows the choice of two options,
DN (normal), and DR (Reset).

Normally option DN is used. The refresh 6 usec timer is re-
set to @ at every refresh cycle. A DMA device which sends no read
request for 6 usec will encounter a wait state while refresh is being
done.
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If option DR is used, the refresh timer is reset to @ after
refresh cycles; and also after read and write cycles. A DMA device

which sends a read or write request every 6 usec will not encounter
walt states.

Loss of refresh may occur on long DMA transfers containing no
read requests.

The DR option makes it possible to use write only DMA devices

which will not tolerate a wait for refresh. Note that if DR is used,
the DMA device or the program must assume responsibility for refresh.
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SECTION VI

DRAWINGS

16KRA DYNAMIC READ/WRITE MEMORY MODULE
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SECTION VII

DIAGNOSTIC TEST

16KRA DYNAMIC READ/WRITE MEMORY MODULE



7.1 1 TRCDUCTION
7.1.1 General

Tne lewsA Dlasnostlc St (16FD1) checks a 16KRA
Dynamlic Kead/Write lemory uiulo (16 RA) addressed at 4000 hexa-
decimal (hex) as a 16k continuous block. It contains four aif-
ferent tests which are Gescribed i1n this section (7.1). The
rest of section 7 contalns tne trouble-zchootina »rocedures
usling thess tests ang zdditional tnecry of oon2ration.

The four tests are contalned on a CUTS format cassette
tape whicn nas been supplied to all Processor Tlechnolocay deal-
ers. 1lhesse tests are not conyrighted and may be duolicated by
16KKA owners at the ztore wnich orilairally sold the board.

7.1.2 vata Patn iest

lne Data kath Test checks the lojyic which carries data
through the board. 1o accamplisn this it writes and reads nack
a "marcnlng" pattern at one address only. Tnis address 1is nor-
mally 4000 Uex, but any address may be swvecified by entering tne
desired address, a s»ace, and an asterisk at the anoropriate
polnt in the test. (“XQm le: 4567 * <Cik>») This will run the
Data Path Test at addre 4567 lex. The disvlav shows three
columns of eight-olt words. Lach word in the display represcents
the contents of the byte at the gspecified address.

The left column shows a seguence of sixteen words
wilch were written during the brief period of the test. The
first word at the too snows all zeros, the second word from the
fFoo contains all zercs except the riant-most bit. The third
word contains all zeros exceot the two riaght-most bits. Coing
down the column in this manner, the ninth word has all ones.
Then zeros start appvearing at the right end of the word, one
bit per word. Finally, the last word at the bhottom contains all
zeros. Thus, eight ones have “'marcned" across the column, reo-
resenting tne flow of ones throuah the byte at address 400C liex
or the specified adaress.

The middle column shows the words which were read back.
If the 16nRA 1s workina properly, the words read back are i1dent-
ical to the words being written. The right column on the dis-
play marks with an "X" those pits which are not identical.
Identical bits are indicated by a "-".

7.1.3 Addressing Test
The Addressing Test checks for non-functional address
lines, using the results of the Data Path ‘Test. Since it relies

on tnhese results, 1t may only be run immediately following tne
Data Path Test. The test first writes ones in all working bits
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at location 4000 Hex, then writes zeros to the first address
given in Table 7-1. Each of the addresses in Table 7-1 differs
from address 4000 Hex in only one address bit. If the address
line which controls this bit is bad, then location 4000 Hex will
be written to instead of the specified address. By checking to
see if any working bit at address 4000 Hex has changed to zero,
the test identifies non-functional address lines. By writing to .
all the addresses in Table 7-1, all address lines are checked.
The display indicates which address lines are bad when the test
is complete.

Table 7-1. Test Addresses

ADDRESS LINE ADDRESS (HEX) ADDRESS LINE ADDRESS (HEX)

AQ ——--—mm 4001H A7 —mmmmmm e 4080H
Al ——m-mee 4002H AB —mm—m-meee 4100H
|\ R —— 4004H X P — 4200H
A3 ——mmmme 4008H AlQ=mmmmmmme 4400H
A4 ———m——- 4010H All=mm-em—mee 4800H
A5 ——--m—o 4020H | N 1 5000H
A6 ——————- 4040H Al3-mmmmmm 6000H

The Addressing Test is designed to find address lines
which are shorted or open before they reach the RAM drivers, and
to find bad drivers or bad address multiplexers. Shorts in the
address lines occurring after the RAM drivers will not usually
be detected by the test, for the following reason. When two
address lines are shorted, and one of the lines is low, the low
line will usually pull the other line low also. The test ad-
dresses used by the Addressing Test, after inversion by the RAM
address drivers, consist of one low bit in a field of high bits.
If a short occurs between two address lines at this point, both
lines will go low, generating an address other than 4000 Hex, so
that no bits at that address are changed.

7.1.4 Exerciser

The Exerciser program writes and reads a specified
byte of data at a specified address. At the time when the
Exerciser program appears, there is an option to run the Data
Path Test at a specified address.

7.1.5 Numbered Test Selection

This feature allows selection of any of the tests
after the Exerciser has been run.

7.2 INTRODUCTION TO TEST PROCEDURE
This test procedure is designed for use with a Sol
system. It is dependent upon the 16KDT diagnostic test cas-

sette. Also, a dual-trace scope with a delayed sweep will be
necessary.
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7.3 PRELIMINARY TESTING

Before the board is oluaged into the $-100 bus it is
necessary to check for power supply shorts. Use an ohm-meter
that is set to a scale which will show 100 ohms clearly. Posi-
tion the board with the ICs un and the 5-100C bus towards vyou.
In the lower left corner 1s a brown connector plug with 3

jumper wires on it. (See Figure 7-1.)
®+ 1| +
J3®oa &
c<< <
=z
(&)
N

Figure 7-1. CONNECTOR JUMPERS

Connect the negative probe of the ohmmeter to the
center pin (GND). Be sure the voltage at the ohmmeter probes
is the same as the marked polarity. To check this, use a
common diode of any type. The ohmmeter will show a low resist-
ance when the negative lead 1is connected to the end of the
diode with the dark band near it. Frequently, ohmmeters will
have the polarity reversed so it is important to check.

With the negative probe connected to the center,
ground pin, touch the positive probe to the right three pins,
one at a time. All of the readings should be greater than 100
ohms. Next measure between the +8V and -16V, the +8V and the
+16V, and finally between the -16V and +16V. The polarity of
the probes is not important for the last three measurements. If
any of the readings were less than 100 ohms, the board should
not be plugged into the S-100 bus until the cause is determined
and corrected.

This preceding procedure will show any shorts before
the voltage regulators, such as shorted capacitors, shorted reg-
ulators, or shorts between traces (usually solder bridges). It
is also necessary to check for shorts on the regulated side of
the voltage regulators. This can be done by measurina at the
pins of any RAM chip. Table 7-2 lists the reguired resistance
readings. "Positive Probe" in the table means the probe sup-
plying positive voltage.
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Table 7-2. Resistance Measurements at RAM Pins

Positive Negative Approximate
Probe Probe Resistance
pin 16 pin 9 8 ohms
pin 16 pin 8 13
pin 16 pin 1 500
pin 1 pin 16 8
pin 8 vin 16 100
pin 9 oin 16 30
pin 9 pin 8 150
pin 8 pin 9 75

If any of the preceding readings are much lower than indicated
in Table 7-2, it «can be assumed that a problem exists on the

board. At this point, a check should be made to see that all

IC types correspond to the 16KRA Assembly Drawing (page VI-1)

and that pin 1 of each IC is in the indicated position.

Also inspect the back of the board to see if any blobs
of solder bridge two adjacent pins or traces. These can be re-
moved with a soldering iron. If any shorts cannot be visually
located, it will be necessary to use a DVM with a low ohms scale
to find the short.

If the preliminary resistance checks are found ac-
ceptable, the board is ready to be plugged into a S-100 bus
connector. 1Insert the board with the power off and connect a
voltmeter between ground (pin 1l€é) and +5V (pin 9) on any RAM
chip. Turn on the power and immediately read the voltage. If
it is not 4.75 to 5.25V turn off the power immediately. Repeat
the procedure with pin 8 (+12V) and pin 1 (-5V). If these vol-
tages are not within 1/2 volt of the nominal value, remove the
board from the system until the cause is determined. If these
voltages check OK, leave the power on but check for overheating
of the regulators. They should not be too hot to touch. Check
if any individual ICs are hot to the touch. If any are found,
they can be presumed defective. ’

tow, look at the screen of the video display. Do the
cursor and prompt look right? If so, proceed to the next sec-
tion. If any other characters have appeared, the board has
"crashed the bus", or interfered with the operation of the rest
of the system.

7.4 THE 16KDT TEST

If the cursor and prompt have appeared properly, with
no other characters displayed, address the switches as 4, 5, 6,
and 7 as shown in Figure 7-2. Before attempting to load the
test, make sure that there is at least 1K Hex of memory addres-
sed as a block starting at zero. The test is not relocatable.
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Figure 7-2. ADDRESS SWITCH POSITIONS

To load the cassette, first type CA <CR>, to activate
the cassette motor, and rewind the cassette. Next type the Mode
Select Key to return to command mode. The command XEQ <CR> will
now load in the tape and cause the tape to stop when done. The
Data Path Test should appear on the screen. Press the space bar
to procede. Study the display carefully. The left column
shows what was written, the center column shows what was read
back, and the right column marks any differences between the
two. Are there any observable patterns? Are there X's centered
in a particular column? Does any column have all ones or zeros
read from it? Are the errors random? Are all ones or zeros
read from memory? The display is organized with bit 7 on the
left and bit 0 on the right as a binary number would be written.
Press the space bar twice again. Study the display. Are any
of the address lines indicated defective?

To use the Exerciser, enter a number between 4000-
7FFF hex and the data to be written. The data is written into
memory as one byte of 8 bits, derived from the two hexadecimal
data characters entered. Entering 00 Hex for data writes a
byte of all zeros; FF writes all ones. A typical entry might be
4000 FF <CR». To stop the Exerciser, press the Escape key. At
this point a choice of any of the four tests or a return to
SOLOS can be made.

If no errors are found in #4, the Memory Test, press
Escape to continue. If an error is found, the address of the
bad byte will be displayed. Since the test can only find one bad
byte at a time, repeat the test until no errors are displayed.
To further pinpoint the error, dump nearby memory using the com-
mand DU <low address> <high address>. Select the addresses for
this command to include the error, but not to exceed the capaci-
ty of the video display, 240 decimal bytes. If the error occur-
red at 4567 for example, dump address 4500 to 45EF. Usually a
dump from XX00 to XXEF will include the error. When running the
memory test, the following data pattern is written into suc-
cessive locations in memory: 00, 01, 02, 04, 08, 10, 20, 40, 80,
00, etc. When examining a dump in the vicinity of an error,
look for irregularities in this pattern. For example, if the
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dump shows an area containing 00, 01, 02, 04, 08, 10, 22, 40,
80, the 22 is incorrect. To locate the bad bit at this location
convert both the correct and incorrect data words into binary
patterns. The correct word 20 is 00100000; the incorrect word

22 1s 00100010. Thus the error is in bit one, the second from
from the right.

If many errors are revealed by a dump, it is likely
the problem is not bad storage locations in RAM chips. Instead
look for timing problems. See Section 7.5 below.

The memory on the card is organized as 4 pages. Each
page contains 1000 Hex (4K decimal) bytes of data. Each RAM
chip is a 4K by one-bit storage so there is one RAM chip used to
store one bit of data per byte. Eight chips are thus used to
store the eight bits in one data byte. Figure 2-1, page II-3,
relates the chip location to the page and bit location.

7.5 OVERVIEW

Figure 7-3 presents the timing relationships during
the typical operation of the 16KRA. All of the signals shown
are critical to the proper operation. A quick check of these
signals, using the procedures given later, will often reveal the
source of the malfunction. To the left of Figure 7-3 is a
column giving the names of the signals shown, as they appear on
the schematic and block diagrams. The second column gives an
IC pin number where the signal may be found. Three signals: §2
CLOCK, SYNC, and MEMWRT, come from the processor, via the S$-100
bus. A brief description of the remaining signals, which are
all generated on the 16KRA board, is given below.

7.5.1 BOARD SELECT

This signal indicates that the processor has put the
address on the address bus and that the page selection circuitry
has found a match between the high order 4 bits of address and
one of the four page address assignment switches. The first
BOARD SELECT occurs when the processor is writing to the 16KRA.

The second one occurs when it is reading the data back to the
16KRA.

7.5.2 MC

A machine cycle (MC) usually occurs when the §2 trail-
ing edge occurs during SYNC. The MC labelled "write" is initi-
ated by MEMWRT. Notice that there is a MC before the "write"

MC while the board is selected, called a "spare read." Notice
that no refresh (RC) follows it. The "spare read" occurs during
the write operation, initiated by a 82 trailing edge during
SYNC. It is not used during normal operations when installed in
a Sol, but during a DMA transfer it is used to enable the QU

flip flop to request a WAIT state if a spontaneous refresh is
occurring.
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7.5.3 SR

The synchronous refresh (SR) flip flop is clocked by
the trailing edge of SYNC when the status indicates a read oper-
ation by the processor. When SR is set, the end of CY will
trigger an RC.

7.5.4 RC

In normal operation there are no spontaneous refresh
cycles (RC). Refresh is accomplished after every MC unless in-
hibited by SR during a write operation.

7.5.5 Cy

A cycle (CY) will occur whenever there is an MC or an
RC.
7.5.6 WE

WE is initiated by MEMWRT when the processor is ad-
dressing the 16KRA.

7.5.7 AR

The allow refresh (AR) circuit prevents a spontaneous
refresh during a write operation.

7.5.8 CAE

The column address enable (CAE) occurs every MC unless
an RC occurs at the same time.

7.5.9 CAS

The column address strobe (CAS) occurs during RAS. It
is applied to all RAM chips to store the high order six bits of
the address. The chips that receive both CAS and RAS will have
their outputs enabled.

7.5.10 RAS

A row address strobe (RAS) occurs for each MC or RC,
and is used for page selection, and to store the low order six
bits of the address.

7.5.11 OUTPUT ENABLE

OUTPUT ENABLE occurs when the processor is reading from
the 16KRA and PDBIN is occurring.

7.6 BUS CRASHES

If your board interferes with the operation of the
processor through the S100 bus, use the following procedure. Bus
crashing is normally due to either a completely incorrect signal
or a signal being put on the S-100 bus at the incorrect time.
The surest way to locate these problems is to open up each line,
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one at a time, until the problems clear. However, many times
the problems can be traced by looking at the S-100 bus for a
signal that is stuck high or low or has an intermediate value at
times. The following S-100 bus signals are used by the 16KRA.

DO Bus: 35, 36, 38, 39, 40, 88, 89, 90 or U500, (3, 6, 11, 14),
Uusl (3, 6, 11, 14)

Address Lines In: 29, 30, 31, 32, 33, 34, 37, 79, 80, 81, 82,
83, 84, 85, 86, 87

DIO Bus: 95, 94, 41, 42, 91, 92, 93, 43 or U68, (3, 5, 7, 9)/
6%, (3, 5, 7, 9)

With the scope time base set at 1 usec ver division look at each
one of the above signals. All signals should be a series of
pulses which switch between ground and 4 to 5 volts clearly with
no ramps or intermediate values. If these signals appear cor-
rect, check the lines listed in Table 7-3 below.

Table 7-3. Bus Line - IC Pin Signal Checks

Bus Pin Name IC % Response

45 SOouT U60-9 Low at all times or
Signal

46 SINP U60-8 Signal

97 SWO U72-13 Signal

47 SMEMR U55-2 Signal

78 PDBIN U62-12 Signal

67 Phantom U62-13 5-6 Volts

68 MEMWRT U44-3 Signal

24 R2 U63-5 Clock Signal

77 PWR U46-14 Signal

76 SYNC U63-2 Signal

69 PS U68-13 High

72 PRDY U68-11 Signal

3 XRDY " "

70 PROT U70-9 Low

20 UNPROT U70-4 Floating 2V in Sol

99 POC Jumper Area B High
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If this still doesn't help locate the trouble, try in-
sulating the S-100 bus contacts to locate the vin with the in-
terfering signal. This can be conveniently done hy folding a
piece of paper over one half of the edge contacts before insert-
ing the board. Use progressively narrow pieces of papner until
the interfering pin is vinpointed. Correct the problem or keep
this pin insulated. Clear the bus so that the test program
can be loaded and run for further diagnosis.

Many times the problem arises because data is enabled
onto the bus at the incorrect time. To disable the outouts, re-
move the jumper from area C and ground the pin above the "C" of
area C. Then proceed with testing.

7.7 THE RAM CHIP
7.7.1 Overview

The RAM chip is organized as 4K by 1l-bit storage. In-
ternally, the memory 1is organized in a matrix of 64 rows by 64
columns. With the 2104, the lower 12 address bits from the
processor are divided into two 6-bit sections. The lower six
bits (A0-A5) form the row address and the higher six bits
{A6-11) form the column address. These two 6-bit addresses are
presented to the RAM seqguentially. When the Row Address Strobe
(RAS) arrives at pin 4 of the RAM, the lower 6 bits are stored
in an internal register. Also an internal timing seguence is
started. After a 100 nsec delay, the RAM has enabled itself to
receive the column address. 150 nsec after RAS the Column Ad-
dress Strobe (CAS) is apvlied to the RAM. This stores the higher
six bits and begins anothér internal timing cycle. The leading
edge of CAS will cause the outout to enter the high impedence
condition. A fixed time later the data will appear at the out-
put pin. This data is internally latched and will remain stable
until the next CAS arrives. If CAS is applied to a RAM with no
RAS, the output will be at the high impedence state until the
next cycle.

Chip selection is accomplished as follows: The chip
select pins are always enabled, CAS is applied to all four
pages. The selected page will also receive RAS. The output
pins of all 4 RAMS that store a given bit of data are tied to-
gether. The three unselected pages will have their outputs en-
ter the high impedence state while the chips that received both
RAS and CAS will enable their data output. The cycle is the
same for both read and write--the only difference being the
state of Write Enable (WE). When WE is low, data will be writ-
ten into a chip, when high, data is read. A bad RAM can cause a
bit on all four pages to appear bad.

7.7.2 Troubleshooting the RAM

It is possible to examine the complete operation of a
RAM by using the Exerciser program with the scope. Trigger
the scope on pin 3 (WE) of any RAM. While WE is low, the
address inputs will correspond to the selected address. During
RAS the addresses may be correct or they may originate from the
refresh cycle. To examine the operation of a bit of data in a
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given RAM chip, two things are necessary. First the address
must be entered into the exerciser, then a space, then the data
to be written into the selected byte must be entered. A byte
is represented by two hex numbers for the Exerciser program.

If all zeros are desired, enter 00. If all ones, enter FF,
etc. All of the signals on the RAM chip itself are inverted
with respect to the corresponding inputs to the 16KRA from the

bus. This occurs because the driver chips that buffer all pins
on the RAM invert the signals. With the Exerciser running, set
the scope to 5 usec per division. Look at pin 3 on the RAM.

The scope should show 2 negative pulses; the pulse being trig-
gered on and another 45 usec later. Put the scope in the in-
tensified mode with a delayed sweep rate of .2 usec per divi-
sion. Center the light section on the central WE pulse and hit
the delay mode button. Now look at every other signal on the
RAM, as follows: First check the voltages on any RAM that isn't
working properly. Then check to see that RAS appears only at
the selected RAM page. Check to see CAS is there, then check
the address lines.

To understand signals appearing on the RAM address
pins, write out the address given to the Exerciser in binary.
Divide the low order 12 bits into two groups of six. The in-
vert each bit to see how it actually looks at the RAM. For ex-
ample: 4444 Hex in the Exerciser program translated into
binary, will be

0100 0100 0100 0100

The first 4 digits select a page and provides RAS
to the chosen page. The lower 12 bits can be divided into 2
groups of six, then inverted -

two groups of six: 010001 000100
Al2 A0
inverted: 101110 111011

This will correspond to the addresses seen by the RAM
during each half of the address input cycle. The lower six
bits, A0 through A5 will appear first, then the higher six bits,

A6 through All. Figure 7-4 shows which RAM pins correspond to
which address lines.

If everything looks correct at this point, look at
the data-out line as follows: First, set the scope probe on
OUTPUT ENABLE U68-1. Still triggering on WE, set the delayed
sweep to .2 usec per division, and switch to intensified mode.
When this signal goes low, the data from the RAM is placed on
the data bus. For the Exerciser program, this is about 3 usec
after WE. Move the delayed sweep vernier so the intensified
portion is centered over the signal on U68-1, and switch to del-
ayed mode. At this time, examine pin 14, Data_OQOut, on the RAM.
It should correspond to the data input during WE. This signal,
as all others on the board, should be clearly high or low while
U68~1 is low. However, the outputs will float at 2 volts for a
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short time after CAS. If any signals at the RAM output appear
stuck high or low or occasionally have an intermediate value ex-
cept after CAS, this is incorrect. However, because all the RAM
outputs are tied together, it may be necessary to isolate the
outputs to locate the problem. The Data Path Test can help loc-
ate bad RAMs. The Data Path Test is run at address 4000 only,
but by using the paging switches, you can address any page to
4000. If the Data Path Test fails on three pages and runs well
on the last, unlikely as it may seem, this good page probably
has the bad RAM.

+5V [3 +|2v
RC2,A6,A0 7] A3,A9,RC5
RC3,A7,Al I 6] A4,AIO,RC6
RC4,A8A2 [Z] 2|04-6 5] A5,All,RC7
Cs ;3] RAM IRAS
DOUT [14] 3] WE
CAS [15] 2] DIN

FE Oy

Figure 7-4. RAM CHIP PIN ASSIGNMENTS

There are several test addresses used with the Exer-
ciser to find addressing problems.

If the memory passes the Data Path Test but the Add-
ressing Test shows several bad lines, there are two addresses:
4FCO and 403F, which will test for problems in the multiplexers.

The signals shown in Figure 7-5 should be found at the
RAM on all the address inputs at the selected page during WE
while the Exerciser is running. The top two waveforms are for
address 4FCO and the bottom two are for 403F. Any data word
can be entered for this test.

when using these two addresses, any address line
shorted to Vcc or ground will be evident. Measure the pulse
width on the address multiplexer outputs at pins 7 and 9 of U65,
U66 and U67 while the Exerciser is running at address 403F. If
any pulse width is greater than 145 usec, the corresponding mul-
tiplexer may have a gate that is too slow. Sometimes, two RAM
lines are shorted together. Two test numbers will help find
these. 4AAA and 4555 will cause the addresses to alternate on
adjacent pins. If a short is present, the address lines shorted
will usually have an intermediate value when the two lines have
opposite values. If the addressing test says bit 12 or 13 is
bad, look to U42 for a page selection problem or to the drivers
to the RAMS.

~1
1
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— M
RAS =375 nsec
4FCO
125nsec—= |~ | ANY ADDRESS LINE =250 nsec
RAS=375nsec
403F

125 nsec—-\_i-f ANY RAM ADDRESS LINE=125nsec

Figure 7-5. RAM ADDRESS SIGNAL WAVEFORMS
7.8 THE WRITE REQUEST FLIP FLOP

Refer to Figure 7-6. The operation of the Write Re-
quest (WR) flip flop starts with a write operation to the 16KRA
board. If the board is unprotected (U70-3 high), selected
(63-11 low), and a write operation is in progress, inout to K,
U63-8 will go low. Input to clock will go high for .5 usec,
1.5 usec later. This will clock the WR flip flop and cause the
WR signal on pin 10 to go low. This will initiate a chain of
events which will lead to WE being clocked, MC being set, the
delay line being triggered, and eventually U57-8 and U45-11 go-
ing low for 200 nsec which resets WR through pin 11. This reset
normally happens about 150 nsec later under normal circumstances
{no CY in progress).

: WRITE 100nsec—~{ f— 3

&

BOARD PROTECT U70-3 HIGH :

SELECT Ue3-I1 |
. I S

MEMWRT  U44-4 :
SELECT OR SYNC US6I -3 : |
INPUTTOK  U63-8 ] [

INPUT TO CLOCK U45-I2 TN

OUTPUT WR  U45-I0

RESET PULSE U45-11
us7-8

seocsdoccecdoodescee

Figure 7-6. WRITE REQUEST (WR) TIMING
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7.9 WRITE ENABLE OPERATION - WE

Refer to Figqure 7-7.

Wwhen WR (U45-10) is clocked low, 2 things are possi-
ble, depending on the status of CY. CY may be high for a maxi-
mum of 520 nsec. After this time it will go low and cause U60-4
to go high. CY may be low, in which case U60-4 will go high im-
mediately. In both cases, the WE flip flop will be clocked, and
WE (U46-7) will go low. This will set the MC flip flop and
start a machine cycle. Also WE (U46-6) will go high and along
with MEl and ME2, and enable the memory drivers. When the ma-
chine cycle is started, the delay line is driven. After 350
nsec U57-6 generates a reset pulse which resets MC and WE.

7.10 MACHINE CYCLE - MC

Refer to Figure 7-7.

A machine cycle (MC) occurs under two different sets
of circumstances. It is about 350 nsec long and is always reset
through U57-6 going low from the delay line. During a write
operation, it is set by the WE flip flop. However, most of the
MCs originate from a clocked mode. MC is clocked whenever
the ®§2 clock goes low while SYNC is present or the Queue (QU)
flip flop is set. If a refesh cycle is in progress when {2 goes
low, MC will not be clocked immediately. Instead the QU flip
flop will be set and then MC will be clocked as soon as the next
N2 occurs. After the MC is over, refresh cycle is initiated by
the end of CY. This inserts refresh cycles often enough to
prevent spontaneous refresh cycles from occurring.

7.11 CYCLE FLIP FLOP - CY

Refer to Figure 7-7.

The Cycle (CY) flip flop is set to its active mode
(U55+-9) high whenever an MC or RC is initiated, through its R
input (pin 15). It is clocked to its inactive mode when U57-6
from the delay line goes high. In effect it starts when there
is an MC or RC and ends 100 nsec after MC or RC is reset. This
flip floo is used to insure that the cycle which caused it is
finished before any new cycle can be initiated.
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DELAY INPUT uel -8

RESET PULSE U57-6

CY FLIP FLOP U55-9

WE U46-6

MC u47-6

lOOnsec—’l |<—
I00ns TAP ~ U57-5 |

150ns TAP  U57-2 [ |

250 ns TAP us7 -4 | j

350 ns TAP  US7- | |

ME U44-6

WR RESET Us7- 8
uas-11 L-

Flgure 7-7. CYCLE (CY) TIMING

7.12 SYNCHRONGUS REFRESH - SR

See Figure 7-3.

The syncnronous refresh (SR) flin floo controls the
normal initiation of the refresh cycle. SMEMR is a status sig-
nal put out by the processor. It is put on the data bus during
SYNC. It is latched by 82 going low during SYNC and remains
stable on the S-100 bus until the next SYNC pulse. SMEMR,
when high, indicates an instruction fetch, memory read, or
stack read. It will be low during any write operation. When
SMEMR is high, the end of SYNC will clock the SR flip flop so
that SR goes low. W82 going low during SYNC will also initiate
an MC and therefore a CY. When CY ends, and SR is low, RC will
be clocked to start a refresa cycle. As soon as the RC is
started, it will reset the SR flip flop so that only one RC oc-
curs for a given SYNC pulse.

7.13 THE ALLOW REFRESH FLIP FLCOP - AR

See Figure 7-3.

The allow refresh (AR) flip flop has one purpose. This
is to prevent a spontaneous refresh at critical times during a
write cycle. SWO is a status signal put out by the proccessor.
It will go low whenever the processor begins a write operation.
It will be put on the data bus during a SYNC signal. Then it is
latched when §2 goes low and will remain stable on the bus
until the next Y2 low during SYNC. If 3SWO is low, the board is
selected, and unprotected, the AR flip flop will be clocked low
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at the end of SYNC. This will prevent a soontaneous refresh un-
til AR is set high by the same signal that resets WR. If SWO
goes low but the board is not selected, SWO will not reach the
AR flip flop.

7.14 PAGE SELECTION
7.14.1 Overview

Each page consists of 4K bytes. Each 4K page can be
set to one of 16 different starting addresses. This choice is
done through the paging switches and the LS136 exclusive-OR open
collector ICs, Ul9, 20, 40 and 41. Each set of four switches
can be set from 0 to F Hex. This corresponds to a starting ad-
dress of 0000 through 61,440 decimal. Each LS136 contains 4 ex-
clusive-OR gates. The outputs of these 4 gates are connected
together. Because the outputs are open collector, there will be
no conflict if some of them are high and some low at the same
time. However, in order for an output line to go high, all four
gates that are tied together must go high at the same time.

Then the pull-up resistor will pull the line up to a high condi-
tion. In order for all four outputs to go high simultaneously,
a match is necessary at the inputs to each of the four gates.
When a switch is pushed up, (ON), it grounds one end of the ex-
clusive-OR input. When the address line connected to the other
input goes high, that particular gate will remove its low from
the output line. Only when all four gates are matched can a
particular starting address be selected.

A memory system must not have more than one page set
to start at the same address. If this is accidentally done,
both pages will fight for control of the bus. In order to pre-
vent this problem, the 16KRA contains an inhibit circuit. This
circuit consists of 6 open collector inverters. The inverters
are wired to establish an order of priority. If two or more
pages on this board are set to the same starting address, only
one will respond. The switch in the top left corner will inhi-
bit the other three. The top right will inhibit the lower 2
switches, and the lower left will inhibit the lower right.

7.14.2 Troubleshooting the Page Select Circuit

To test to see if a vaging IC is operating correctly
at all possible addresses, Jumper U44-8 to ground. Load the
16KDT diagnostic test. Proceed to the Exerciser and enter
FOOO 00 <CR>. Push all the switches to the up (ON) position.
1) Put channel 2 of the scope on U45-12, (delayed MEMWRT) with
the Exerciser running. Set the scope at 5 usec per division.
Figure 7-8 shows the required pulse pattern.

—| [—==2psec

I “ == 30psec ”Rdo;lsec J ﬂﬂ

Figure 7-8. MEMWRT PULSE PATTERN
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Notice the one thin pulse near the group of 2 wider pulses. Set
the scope to the intensified mode and the delayed sweep to 1
usec per division. Center the intensified area around the thin
pulse and change to delayed trigger. You should have one pulse
visible about 500 nsec wide. Now look at U19-8 with the other
probe. Two pulses about 2 usec wide, separated by 1.5 usec,
should be observed. These pulses represent selection of a par-
ticular page on the 16KRA by the diagnostic test. The first
pulse occurs when the test is writing to the 16KRA. The second
one occurs when the test is reading back from the same location.
This shows that the highest priority page has been selected.

Next look at pin 8 of U20, U40, and U41l. They should
all be low. Push switch 1 (top row) down to remove the inhibi-
tion by the first page and look at U20-8. It should now look
like U19-8 did. Push switch 5 (top) down and look for the same
waveform at U40-8. Now push 1 (bottom row) down and look for
the same waveform at U41-8. This test checked the page inhibit
IC U59.

To check individual pages now, go back to all switches
high. ©Now push 1 (top row) down and see that Ul9-8 goes low,
then push it up and push 2 down and see that U19-8 goes low.
Repeat with switches 3 and 4. Now leave 1 down and proceed to
5, 6, 7, 8. Start with all up and check U20-8 to see the board
select signal. Repeat the same procedure, switching one down at
a time while checking U20-8. Then leave 5 down and go to the
lower switch. Look at U40-8 for switches 1-4 and U41-8 for
switches 5-8.

This procedure has checked for most of the paging
problems but to be certain, the whole procedure has to be re-
peated with the address switches low. Press the escape key and
3 to get the Exerciser. Now type 0900 00 <CR>. The memory test
is stored at 0000 addresses to 0800 so don't be tempted to enter
address 0000 to the Exerciser. Push all the switches low and
check Ul9-8. 1In this case it will be a long pulse followed by 2
short ones. Push switch 1 up and check U19-8 for a low level.
Push 1 down and 2 up and check again. Repeat for 3 and 4. Then
leave 4 up and repeat with 5-8, one switch up at a time while
looking at U20-8. Leave 8 up and check page 3 by switching up
the lower switches 1 to 4 one at a time while looking at U40-8.
Leave 4 up and repeat with 5-8 while checking U41-8. This pro-
cedure will catch all possible page address assignments problems
but if an intermittent problem occurs, suspect the switches
themselves.

Check to be sure that the two SIP resistor networks
are not installed backwards. First set all 16 address switches
off. Check the resistance between the two pins on each network
farthest from the edge of the board. The resistance should be
2.2K. 4.4K indicates a backwards installation. Both networks
must be mounted correctly, or the paging will not work properly.

If a problem is found while testing the page select

circuitry, check the address lines and switch lines at the sus-
pected IC, using Table 7-4.
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Before proceding to the next test, remove the Jjumper
from U44-8.

Table 7-4. LS136 Pin Assignments

Input Pin Switch Matched with
Address Line # to LS136 Number LS136 Pin
Al2 1 1l or 5 2
Al3 4 2 or 6 5
Al4 13 3 or 7 12
AlS 10 4 or 8 9
7.15 READY LINE
7.15.1 Queus Oneration - QU

The Queue (QU) flip flop, U45, controls the Ready line
to the processor, PRDY, or XRDY, as selected in Jumper area E.

If QU goes high while the board is selected, the processor will
receive a request to enter the wait state. The operation of the
QU flip flop is complicated because it is normally clocked both
high and low and, also is set and reset through its asynchronous
inputs. In normal operation, the QU flip flop is never used. A
walt state is only required when a spontaneous refresh inter-
feres with the normal board operation. No spontaneous refreshes
are generated in normal operation; refreshes are generated
through the operation of the synchronous refresh (SR) flip flop.
During a write operation it is important that nothing interferes
with the write operation after the WR flip flop has been clocked,
The WR flip flop is clocked after the time for regquesting a wait
state has passed. To insure that a spontaneous refresh never
occurs during this critical period, the AR flip flop inhibits
spontaneous refresh until the write cycle is started. When the
write cycle has started, MC inhibits refresh. Only after the
write cycle is completed can a refresh finally occur. A write
cycle is normally preceded by a spare read cycle. When the
trailing edge of 82 occurs during SYNC, MC is clocked. At this
point there are several possibilities. If a spontaneous refresh
is in progress, MC will not be clocked high. 1Instead QU will be
clocked high. If MC is clocked high but a spontaneous refresh
has also started at that exact moment, before inhibition is com-
plete, QU will be set high indicating a coincidence cycle. QU
is held reset unless the board is selected or SYNC is present.
If QU is high, it will be reset as soon as SYNC is over unless
the board is selected. Although QU may be set any time that 82
and SYNC are present, the READY line will not be pulled low un-
less the board is selected.

In a read or "spare read during write" cycle, MC is
clocked by 82 trailing edge with SYNC present. However, if a
refresh cycle is in progress when MC is clocked, CY will be high
and this will force the MC J input low. MC will remain low.
Because MC remains low and SYNC is present, the J input on the
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QU flip floo wili he high. When 82 delayed occurs approximately
30 nsec later, QU will be clocked high. The  processor will en-
ter a walt state after T2 of the processor cycle is compolete.
All of the bus lines will remain stable except for 82. With QU
set, U6l-6 is high, even though SYNC is no longer present. When
the refresh cycle is over, the J input on MC will be high. When
82 occurs, MC will be clocked high. With MC hiah, the J input
of QU will be low. Thirty nsec later when B2 delayed occurs,

Q0 will be clocked low. The orocessor will start at the begin-
ning of the T3-processor cycle. Th2 orncessor will then com-
plete the write or read cycle as if no wait had occarred.

7.15.2 Troublesnooting The Ready Line

In order for the 16KRA to request a wait state through the
Ready line, the QU flip flop must be set and the board selected.
These siqgnals are combined in U68. Problems with Board Select
will usually crash the bus or orevent the 16KDT test from work-
ing. If the processor stops acceonting inputs from the keyboard,
it is most likely caught in a wait state. To clear the proces-
sor, remove the Area A jumper and ground the W pin. If the
processor 1s still caught, refer to Section 7.6, Bus Crashes.
With the CPU working, load the 16KDT tape and troudblashoot the
16KRA. Normally no wait states are generated, so deactivating
the Ready line driver has no effect on the diagnostic test.
The 16KRA can cause a permanent wait state if something 1s ore-
venting the MC flip floo from being clocked. 1In this case the
QU flip flop will be clocked high bhut never c¢locked low again.
Because the wait state option is not normally used, the 16KRA
may appear to be overating properly until a DMA is attempted.
If the 16KRA passes both awemory tests, but will not work with
a DMA device, the operation of QU must be checked. The QU flip
flop will go high when it is either clocked or set. It is nec-
essary to test both clocked and set modes of owv=ration to be
certain it is operating correctly. The following proceduare w~ill
test both modes of operation. Replace the jumper in Area A.

First load the 16KDT and advance to the Exerciser.
Enter an address that will select the board and start the Exer-
ciser. Set channel 2 of the scope on pin 3, WE, of any RAM chio.
Set the sweep to 5 usec division and adjust for a stable dis-
play. Now connect a 20K pot across R12. Put the scope probe
for channel 1 on U48-8 and adjust the pot untii several pulses
are evident. Set the delayed sweep to .2 usec per division and
intensified mode. Center the bright area on one of the U48-8
pulses and switch to delayed sween. Note where this pulse now
appears on the screen and out the channel 1 probe on the jumper

to Area A. In the same place on the scope scre=n there should
be a pulse of the same duration. This checks the operation of
the set and reset inputs of QU. Now switch the scooe back to

the intensified mode and put the probe on the Area A jumper
again. It should be possible tc adjust the pot so that many
more QU pulses appear than U48-8 pulses. This tests the clocked
inputs. The QU vulses are normal because the board is not se-
lected. If you pvass both these tests and the DMA still does not
work, try the Page Selection test, Section 7.14. Remove the pot
before proceding. In many cases the address switches are set
differently for the DMA device than they are for the memory
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tests. If the address selection is not working properly on the
DMA addresses, the DMA won't work. Also check the AR flip flop
and the spontaneous refresh generation. With the Ready line
held low, there should be a refresh cycle every 4-6 usec. If
all these tests are good, suspect a slow RAM chip, or a problem
with U70.

7.16 THE WAIT STATE OPTION

If the jumper in Area A is put to 1 instead of 0, the
following sequence of events occurs. The QU flip flop is not
set so QU is high and the J input on U56 is high. U56 is held
reset when SYNC is present, keeping its Q output high, causing a
request for a wait state through U68 on the PRDY or XRDY lines.
On the ®2 trailing edge, MC will be clocked, starting a machine
cycle. The processor will recognize the request and enter a
wait state after T2 is over. By this time SYNC will have gone
low, removing the reset. The next 82 trailing edge, 500 nsec
later, will now clock U56, ending the wait reguest on PRDY or
XRDY. While the processor is in the wait state, it samples the
Ready line which is now high, and begins T3 exactly one clock
period later than it would have without a wait request. Later,
when SYNC goes high again, U56 will be reset and a new cycle may
start. The processor only samples the Ready line at a point
near the trailing edge of §2 during T2 so the fact that the
Ready line is low for the greater part of the cycle doesn't af-
fect the processor operation. If the QU flip flop is set be-
cause MC wasn't clocked, U56 will be held reset until MC is
clocked. When MC is clocked, QU will be clocked low 30 nsec
later. SYNC will still be high so U56 will continue to be reset
until SYNC ends, extending the period that the Ready line is
held low. When the processor samples the line again and finds
it low, it prolongs the wait state.

7.17 REFRESH CYCLE FLIP FLOP - RC

Refer to Figure 7-3.

The time the Refresh Cycle (RC) flip flop is high
defines a refresh cycle. It is the same length as an MC and is
reset by the same signal. It is initiated through two different
mechanisms. Every time RC is high, Q1 is turned on and its
collector goes to ground and discharges C46, provided the Area
D jumper is installed between D and DN. After the RC is over,
Ql is turned off and C46 starts to charge. After about 4-6
usec, C46 will have charged enough to trigger U62, a Schmidt
trigger gate. This can initiate another RC which will turn on
Q2 and discharge C46. This process will repeat unless inhib-
ited. Normally this spontaneous cycle does not occur because
RC is clocked more often than 6 usec. This cycle takes over
if the processor stops for more than 6 usec, as in a wait state.
This spontaneous refresh cycle is not synchronized with the pro-
cessor clock, and several mechanisms are needed to inhibit it at
unwanted times. If a CY is in progress, the Schmidt trigger,
U62, will be disabled until the CY is over. Also the refresh is
inhibited by the AR flip flop in preparation for a write cycle.
Under normal circumstances, RC is clocked when CY ends if the
SR flip flop is set. This inserts a refresh after almost every
MC.
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7.18 THE REFRESH CIRCUIT
7.18.1 Overview

Refer to Figure 7-9, Refresh Page Selection Timing.
The refresh addressing circuit is controlled by two 4-bit
counters, U49 and U64, connected as an B8-bit counter. The
counters nave two inputs. Pin 10 is an enable input, connected
to CAE. The column address enable flip flop (CAE) has its J
input connected to the MC flip flop. When there is no MC cycle
the J input is low and CAE will not be clocked high. If an RC
is triggered, CAE will be high, the counters will be enabled,
and ME will advance the counters on rising, (trailing) edge.
The counter will remain stable until the next RC is over, when
it will be advanced again. The enable input of the high order
counter 64, is connected to the_carry out input of U49. The
carry out is only enabled when CAE has enabled the low order
counter, U49. Pins 13 & 14 of U49 are the two least significant
bits and are used to form the paging. This has the effect of
sequentially refreshing pages 1-4 at a given addrass, then ad-
vancing the address counter by 1. The six address lines from
the counter are switched by the multiplexers to the address
lines of the RAMS when an RC is present and CAE is low. RC is
connected to pin 1 of U42. When RC is high and a refresh is in
progress, U58 will act as a 2-bit to 4-line binary decoder. The
multiplexer U42 selects the 4 outputs of U58 to drive the 4-page
lines.

The six high order outputs of the counter are stable
for 4 entire refresh cycles. The three address multiplexers
will output the counter address during an entire RC because
there is no CAE during an RC. This counter address is gated by
U48-3 (page 1 or 2) or U48-11 (page 3 or 4) at the address
drivers of the RAM chips. The RAS Pulse is gated by the 4 page
lines at the RAS drivers (U30). The page of memory which re-
ceives RAS refreshes its row specified by the refresh address.

7.18.2 Troubleshooting Refresh

Refer to Figure 7-10, RAM Address Line During Refresh,
and Figure 7-11, RAM Refresh Timing, Page 3 and 4. To simplify
troubleshooting the refresh circuit, ground pin U68-11. This
will put the processor in a wait state and prevent any MCs from
occurring. Look at U49-2. You should see a waveform that re-
peats a negative pulse 400 nsec long at about 4 usec intervals.
If you don't see this, the problem is in the generation of the
spontaneous RC cycle. If this is present, check to see that
U49-10 is high. This enables the counters. Then look at all
the output pins from the counters. Each output should have a
square wave signal with the periods listed in Table 7-5 (based
on a 4-usec interval).

U49-14 = 8 usec U64-14 = 128 usec
U49-13 = 16 usec U64-13 = 256 usec
U49-12 = 32 usec U64-12 = 512 usec
U49-11 = 64 usec U64-11 = 1024 usec

Table 7-5. Counter Pe:iods
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If these are acceptable, test U58. Set the scope to
5 usec per division, and trigger on U49-11 and examine U58, 4,
7, 9, 12. Each signal should appear as shown in Fiqure 7-9.
You snould find a positive pulse about 4 usec wide, occurring
every 16 usec. Then check U42, With the scooe still triggered
by U49-11, examine U442, 4, 7, 9, 12. There should be a positive
pulse about 400 nsec wide, occurring every 16 usec. If all of
these tests are checked OK, the problemn is orobably not in the
refresh addresses. All of the signals at tuis voint are multi-
plexed into the rest of the address circuitry. If the rest of
the memory card 1s working, the refresh is most likely working
also. As a final check, trigger 1is on U64-11 with the sweeD
set at .1 msec ver division. Refer to Fiqures 7-10 and 7-11.
Figure 7-11 represzents a more detailed view of some signals in
Figure 7-10. Looking at any R®AM c¢chip pins 10, 11, 12, you
should see groups of 2, 4, and 8 respectively, negative pulses.
Looking at RAM pins 7, 6, 5, you snould s=2 sroups of 16, 32,
and 64 negative going pulses. This checks the operation of the
address multiplexers U65, U66, U67.
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Statement of Warranty
8080 Operating Codes

Color Codes for Resistors
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IC Pin Configurations

Memory Test Program






PROCESSOR TECHNOLOGY CORPORATION, in recognition of its
responsibility to provide quality components and adequate instruction for their
proper assembly, warrants its products as follows:

All components sold by Processor Technology Corporation are purchased
through normal factory distribution and any part which fails because of defects
in workmanship or material will be replaced at no charge for a period of 3 months
for kits, and one year for assembled modules, following the date of purchase.
The defective part must be returned postpaid to Processor Technology Corporation
within the warranty period.

Any malfunctioning module, purchased as a kit directly from Processor
Technology and returned to the factory within the three-month warranty period,
which in the judgement of PTC has been assembled with care and not subjected
to electrical or mechanical abuse, will be restored to proper operating condition
and returned, regardless of cause of malfunction, without charge. Kits purchased
from authorized PTC dealers should be returned to the selling dealer for the
same warranty service.

Any modules purchased as a kit and returned to PTC, which in the
judgement of PTC are not covered by the above conditions, will be repaired
and returned at a cost commensurate with the work required. In any case,
this charge will not exceed $20.00 without prior notification and approval of
the owner.

Any modules, purchased as assembled units are guaranteed to meet
specifications in effect at the time of manufacture for a period of at least one
year following purchase. These modules are additionally guaranteed against
defects in materials or workmanship for the same one year period. All warranted
factory assembled units returned to PTCO postpaid will be repaired and returned
without charge.

This warranty is made in lieu of all other warranties expressed or implied
and is limited in any case to the repair or replacement of the module involved.
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The electrical value of many types of resistors and capacitors is
printed on the component. Other types, however, are identified by
color coding which gives all the information needed to correctly
identify the component. In most cases color coding conforms with the
EIA (Electronic Industries Association) Standard Color Code. In other
cases a manufacturer will adapt the standard to fit his particular
requirement. Both the Standard Color Code and a.code used to identi-
fy tantalum dipped capacitors are provided below.

STANDARD COLOR CODE FOR RESISTORS AND CAPACITORS

1st 2nd TOLERANCE | VOLTAGE

COLOR | b 1GURE | FIGURE MULTIPLIER (%) RATING* Tolerance
Black 0 0 1 -- Multiplier
Brown 1 1 10 100

Red 2 2 100 200 l
Orange 3 3 1,000 300

vellow| 4 4 10,000 200 [NNNR
Green 5 5 100,000 500

Blue 6 6 1,000,000 600

Violet 7 7 10,000,000 700 1t and 2nd
Gray 8 8 100,000,000 ‘ 800 Sionificant
White 9 9 1,000,000, 000 900 gr

Gold - - 0.1 5 1000 Figures
Silver - - 0.01 10 2000

None - - - 20 500

*Applies only to capacitors.

CAPACITANCE
RATED
VOLTAGE | COLOR IN PICOFARADS Polarity &
VDC 25°C 1st 2nd Multiplier voltage
Figure | Figure (uufF)
3-4 Black 0 0 1 lst Figure
3-6 Brown 1 1 10 <« 2nd Figure
3-10 Red 2 2 100 : :
3-15 | orange 3 3 1,000 Maltiplier
3-20 Yellow 4 4 10,000
3-25 Green 5 5 100,000 +
3-35 Blue 6 6 1,000,000
3-50 Violet 7 7 10,000,000
-= Gray 8 8 -
3 White 9 9 -—
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7400 7402
7404 7405
7413
7432
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16KRA Memory Test Program

The test program on the following page is designed to check the
16KRA Dynamic Read/Write Memory Module for proper operation.

To use

1.

APPENDIX 5

NOTE

This test program is written for use
with Processor Technology SOLOS and
CONSOL software. If you are not us-
ing either, change the JMP address
at @@43,0844 to whatever is appro-
priate; for example, 68 EJ for the
ALS-8.

the program, proceed as follows:

Set Page Select Switches on 16KRA (SWl & SW2) to
4,5,6,7 (hexadecimal). Refer to Paragraph 4.6 in
Section IV of this manual for instructions on how
to set these switches.

Load program into another memory starting at lo-
cation @@@JF and run.
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2830
2331
#3334
2335
2336
2339
2339
g33c
233D
PBI3E
ga3F
2g42
gaas5

31
AF
37
F5
F5
21

F1l
77
17
F5
23
7C
E6
B5
C2

Fl
Fl
F5
F5
21

Fl
F5
BE
C2
Fl
17
F5
23
7¢C
E6
B5
c2

Fl
Fl
17
DA
F5
F5
C3

22
56
5F
EB
22
C3

29

FF @F

J

3F

ga pg

J

39 g9

3F

1D ¢4

g3 29

g7 99
45 @g

47 @98
g8 co
29

@183 PSW
1309

1945 START
1419

1415

1417

1g2¢@ 1.0Pl
1823 *
1g25 LooP
1427

19398

1235

1440

1845

1454

1455

1ge@d

1g63 *
1465

18748

1475

148¢

1485

1g9g =*
1198 1LoP2
1145

1118

1115

1124

1125

1138

1135

1144

1145

1159

1155

lleg *
1165

1174

1175

118¢

1185

11949

1195

1199 =*
2883 ERRR
2832

208@3

20834

20835

20837

213 SAVE

EQU
IXT
XRA
STC
PUSH
PUSH
ILXTI

POP
MOV
RAL
PUSH
INX
MOV
ANI
ORA
JINZ

POP
POP
PUSH
PUSH
LXT

POP
PUSH
CMP
JINZ
POP
RAL
PUSH
INX
MOV
ANT
ORA
JNZ

POP
POP
RAL
Jc
PUSH
PUSH
JMP

SHLD
MOV
MOV
XCHG
SHLD
JMP
DwW

6
6, §FFFH
A

PSW
PSw

H,4000H

PSwW
M,A

DSW
H
A,H
@FH
L
LOOP

PSw
PSW
PSw
PSwW

H,4000H

PSW
PSwW
M
ERRR
PSW

PSW
H
AH
@FH
L
LOP2

PSW
PSw

START
PSw
PSW
LOoP1l

SAVE
D,M
E,A

SAVE+2
SCPPPH GO BACK TO CONSOL OR SOLOS
g

IF ERROR THIS PROGRAM RETURNS TO SOLOS OR CONSOL
IF NO ERROR THIS PROGRAM WILL RUN CONTINUOUSLY.

(8g45)
(pg46)

LOW ERROR ADDRESS
HIGH ERROR ADDRESS

APPENDIX 5
REV A

(#347) = WRITTEN DATA
(#F48) = ERRONEOUS READ DATA
A5-2 16KRA



16KRA Long Memory Test Program

This long test provides a more thorough test than the preceding
short test and also prints out a map which simplifies identifica-

tion of defective components.

ESCAPE function.

It requires a terminal which has an

To use the long program, proceed as follows:

1. Set Address Switches as shown below:

- .
=0

—

=" N

;7

This corresponds to:

Page
Page
Page
Page

at
at
at
at

D w N

address
address
address
address

19d9 Hex,
2000 Hex,
308 Hex,
4000 Hex.

2. Load test into memory at address g@ggg.

3. Execute the program at address @g@gg.

4. Follow instructions at the beginning of the program
listing on the following page.

APPENDIX 5
REV A

A5-3
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(VEVIVIY)
0J03
0006
0009
000cC

00UF
0011
u0l4
0015
0018

00ls
001E
VO1F
gu22
0923

0024
0025
0028

UO2ZA
0020
002E

0031
0034
0035

0038
0939
003a

24

01

01
01

01

01

01

00
01

a1

00

APPENDIX 5
REV A

1000
1002
1004
1006
1008
1010
1012
1014
1016
1018
1020
1022
1024
1026
1028
1030
1032
1034
1036
1038
1040
1042
1044
1046
1048
1050
1052
1054
1056
1058
1060
1062
1064
1066
1068
1069
1070
1072
1074
1076
1078
1080
1082
1084
1086
1088
1090
1092
1094
1096
1098
1099
1100
1102
1104
1106
1108
1110

*** TEST FOR PROCESSOR TECHNOLOGY 16KRA ***

*
* COPYRIGHT (C) 1977
* SOFTWARE TECHNOLOGY CORPORATION
*
* THIS VERSION OF THE 16KRA TEST IS WRITTEN
* TO BE LOADED INTO RAM AT ADDRESS 0000
*
* THE 16KRA TO BE TESTED MUST BE AT ADDRESS
* 1000 HEX. AS A CONTIGUOUS BLOCK OF 16K.
*
* THE TEST MAY BE TERMINATED AT ANY TIME BY
* HITTING THE ESCAPE KEY ON THE KEYBOARD.
*
* THIS PROGRAM USES SOLOS OR CUTER FOR 1/0
* IT MUST BE MODIFIED IF OTHER OPERATING
* SYSTEMS ARE USED.
*
*
*
INIT  EQU $ **k* INITIALTIZATION ***%
SHLD  IOADR SAVE CALLER'S I/O TABLE ADDRESS
LXI H,0 CLEAR WORKING STORAGE
SHLD  COUNT
SHLD  ROW1
SHLD  ROW2
L 4
MVI H,1l08
SHLD  BDADR
suB A
STA PAGE  PAGE NUMBER ~
STA FILL  STATIC TEST FILLER
*
MAIN  EQU $ *XEK MAIN KKk
LDA FILL  FILL STATIC TEST PAGE
RLC
CALL  WRITE :
SUB a START WITH 1 BIT PATTERN
STC . CARRY HAS THE BIT
*
LOOP1 EOU 3 *kkk [OOP 1 *ANw
PUSH  PSW SAVE MASTER PATTERN
CALL  NXTPG GO PAST STATIC TEST PAGE
MVI E,3 TEST NEXT 3 PAGES
*
TEST1 EQU $ *X%k TEST 1 **x
CALL  TEST TEST PAGE
DCR E 3 PAGES TESTED?
JNZ TESTL NO, DO NEXT ONE
*
LDA FILL  CHECK STATIC TEST PAGE
RLC
CALL  READ  FOR DROPPED BITS
*
POP PSW RESTORE MASTER PATTERN
RAR . PERMUTE
INC LOOP1 REPEAT UNTIL CARRY COMES AROUND
*
A5-4 16KRA



303D
003E

0040
vodl
Vudd

0046
V049
0U4A

0J4D
0050V
0u5l1

0054
UJ55
0uU56

0059
Vy5C
0USF
(VIVERY

0063
vJo6o6
0067
00o0A
JUoB

UUGE
0u71
U074
0077

007A
007D
0080
yuB3
0086
VU389

003A
008cC

00BE
008F
00390
0091

0094
0095
0096
0097

8F
3E

FE

0u40

F>
CD
1E

04
U3

0046

CD
1D
C2

3A
07
CD

Fl
1F
DA

co
3A
87
Cc?

3a
2F
32
B7
C2

Cb
21
CD
C3

1F

46

96

42

40

vé
95

18

96

18

7A
79
F7
1B

Uu7a

B3

01

vl

00

ul

Jgl

00

vl
0l

0y

01

01

09

CD B3 0O
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1112
1114
1116
1118
1120
1122
1124
1126
1128
1130
1132
1134
1136
1138
1139
1140
1142
1144
1146
1148
1150
1152
1154
1156
1158
1160
1162
1164
1166
1168
1170
1172
1174
1176
1178
1180
1182
1184
1186
1188
1190
1192
1194
1196
1198
1200
1202
1204
1206
1208
1210
1212
1214
1216
1218
1220
1222
1224
1226

LOOP2

TEST2

MAP

LINE

QuAD

cMp
MVI

EQU
PUSH
CALL
MVI

EOU
CALL
DCR
JNZ

LDA
RLC
CALL

POP
RAR
Jc

CALL
LDA
ORA
JINZ

LDA
CMA
STA
ORA -
JIN2Z

CALL
LX1I
CALL
JMP

EOU

CALL
LHLD
CALL
LHLD
CALL
RET

EOU
MVI
MVI

EQU
MOV
RAR
MOV
CALL

MOV
RAR
MOV
CALL

A
A,Q0FFH

$

PSW
NXTPG
E,3

$
TEST
E
TEST?2
FILL
READ
pPSW
LOOP2
NXTPG
PAGE
A
MATN
FILL
FILL
A
MAIN

MAP

H,CMPLT

STRNG
MATIN

$

CRLF
ROW1
LINE
ROW?2
LINE

A5-5

CLEAR CARRY
7 BIT PATTERN

k*kkk [OOP 2 *kxx

SAVE MASTER PATTERN

SKIP PAST STATIC TEST PAGE
TEST REMAINING 3 PAGES

TEST PAGE

3 PAGES TESTED?

NO, DO NEXT ONE

CHECK STATIC TEST PAGE
FOR DROPPED BITS

RESTORE MASTER PATTERN
PERMUTE

REPEAT UNTIL CARRY COMES AROUND

REPEAT ENTIRE TEST

STARTING WITH

NEXT PAGE IF WE HAVEN'T
BEEN AROUND 4 TIMES ALREADY

INVERT FILLER

AND TEST AGAIN
WITH COMPLIMENT
UNLESS ALREADY DONE

OUTPUT CHIP MAP
'COMPLETED'

OUTPUT LINE

AND CONTINUE TEST

* k k k MAP *%x*xx%

DISPLAY CHIPS IN ROW 1
FORMAT THE LINE
DISPLAY CHIPS IN ROW 2
FORMAT THE LINE

RETURN

kk Kk Kk LINE **%xkx

# OF BITS PER QUADRANT
4 OF ROWS

kxkk OQUAD *kkk

PAGE 0 OR 2

CARRY MEANS CHIP HAD ERRORS
REMAINING BITS GO BACK
DISPLAY CHIP STATUS

PAGE 1 OR 3

TEST BIT, CARRY IS N.G.
RETURN THE REST

DISPLAY CHIP STATUS

16XRA



g09a
Vu9D
0UYE

oual
00A3
V0Ab
ooav
00AA
00AD

VUOAE
JoBO

00B3
00B5
0UB8

00BA
0UBD
0UBE

U0BF
00C1
00C4
00Cs
00C9

goca
00cCB
00CE
00D1
00D2
00D3
00D4

00D5
0uD8
00D9
00DA
00DD
00EOQ
00E1
00E2

00E3
00E5

00E6
00E9
00EC
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CD AE
C2 8E

16 04
CD AE
1D

C2 BE
CD BF

00AE
3E 20
C3 BA

00B3

3E 47
D2 BA
3E 58

CD CA
BF
C9

OUBF
3E OD
CD CcAa
3E OA
Cbh CA
c9

voca

01 19
2A 8B
09
47
E3
C9

00D5
01 E3
C5

01 1F
2A 88
09
E3
C9

00E3
FE 1B
Cco

0O0OE®6

Cb 7A
21 83
CD F7

REV A

00

00

00

00
00

09g

00

00

00

00

00
01

00

go
01

1228
1230
1232
1234
1236
1238
1240
1242
1244
1246
1248
1250
1252
1254
1256
1258
1260
1262
1264
1266
1268
1270
1272
1274
1276
1278
1280
1282
1284
1286
1288
1290
1292
1294
1296
1298
1300
1302
1304
1306
1308
1310
1312
1314
1316
1318
1320
1322
1324
1326
1328
1330
1332
1334
1336
1338
1340
1342
1344

SPACE

CHIP

MARK

CRLF

PUT

GET

CHECK

ABORT

CALL
DCR
JNZ

MVI
CALL
DCR
JNZ
CALL
RET

EQU
MVI
JMP

EQU
MV I
JNC
MVI

CALL
CMP
RET

EQU
MVI
CALL
MVI
CALL
RET

EQU
PUSH
LXI
LHLD
DAD
MoV
XTHL
RET

EQU
LXI
PUSH
PUSH
LXI
LHLD
DAD
XTHL
RET

EQU
CpI
RN2Z

EQU
CALL
LXI
CALL

SPACE
QUAD

D,4
SPACE

QUAD
CRLF

-~

$
A" '
MARK

A,'G*
MARK
A,'X'

PUT

A,0DH
PUT
A,O0AH
PUT

B,S0UT
IOADR
B

B,A

$

B,CHECK

B

H
B,SINP
IOADR

A5-6

FOR READABILITY
QUADRANT DONE?
NO

YES, RESTORE CHIP COUNT
SEPARATE QUADRANTS

IS LINE DONE?

NO, FORMAT OTHER QUADRANT
LINE IS DONE

RETURN

Xkk%x GDACE X*%x+
WRITE A SPACE

*k k k CHI1P LE RS 4

MARK CHIP 'G'
IT'S OK, ELSE
MARK CHIP 'X'

OUTPUT MARK
CLEAR CARRY BIT
RETURN

*kkk CRLF **kx
OUTPUT CARRIAGE RETURN

FOLLOWED BY A LINE FEED

AND RETURN

*kkk DpUT *k*k

SAVE

OUTPUT ROUTINE JUMP LOCATION
ADDRESS OF 'CUTER'/'S)LOS'
FORM TRUE ADDRESS

CHARACTER TO O/P IN B

RESTORE H

DESTINATION IS ON TOP OF STACK

*hkkk GET *kx*k

RETURN ADDRESS
PUT ON STACK
SAVE
INPUT ROUTINE JUMP LOCATION
ADDRESS OF ‘'CUTER'/'SOLOS’
FORM TRUE ADDRESS
RESTORE H
DESTINATION IS TOS, RETURNS TO CHECK

*kkt CHECK *r**
ESCAPE KEY?
NO, CONTINUE TESTING

kkkk ABORT **x*%
QUTPUT WHAT WE'VE GOT SO FAR

‘ABORTED'
OUTPUT LINE

.

16KRA



JUEF
UUF2
VUF3
UUF4
OUF>
UUF®o

JUF7
UUF38
JuUFy
VurFe
UJFPE
Jlol

ulod
Ul1l05
U108
UluB
v1l0D
010F
vl1ll2
ull3

0114
0115
011l
vllB
0l1lcC
011D
0lle

U1lF
vl22
0125
0128

0123
0l1l2a
012D

012F
0130
0131
0132
0135
0136
0137
0138
013B
013cC
013D
0140
0141

2A 88 01

23
23
23
23
B9

VUF7

/E
23
Fi
ca
co
C3

(VW)
BF
CA
F7

0104

F5
CD
3A
Coé
Eb
32
Fl
Cc9

D>
95

30
95

ull4

F5
33
2A
84
67

95
8D

SA

2F

2F

vo

o

(Y}

vl

91

01
01

U1
01
01

01

01

01

01
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1346
1348
1350
1352
1354
1356
1358
1360
1362
1364
1366
1368
1370
1372
1374
1376
1373
1380
1382
1384
1386
1388
1390
1392
1394
1396
1398
1400
1402
1404
1406
1408
1410
1412
1414
1416
1418
1420
1422
1424
1426
1428
1430
1432
1434
1436
1438
1440
1442
1444
1446
1448
1450
1452
1454
1456
1458
1460
1462

*
STRNG

*
NXTPG

GETPG

TEST

WRITE

*
WRIT1

LHLD
INX
INX
INX
INX
PCHL

EQU
MOV
INX
CPI
Jz
CALL
JMP

EQ0
PUSH
CALL
LDA
ADIT
ANTI
STA
POP
RET

EOU
PUSH
LDA
LHLD
ADD
MOV
POP
RET

EOU
CALL
CALL
CALL
RET

EOU
PUSH
CALL
MVI

EQU
PUSH
MoV
XRA
CNZ
POP
RAL
INR
JNZ
INR
DCR
JIN2Z
POP
RET

IOADR

H

H

UDH
CRLF
PUT
STRNG

PSW
GET
PAGE
10H
30H
PAGE
PSW

S
PSW
PAGE
BDADR
H

H,A
PSW

$
WRITE
READ
NXTPG

>

PSW
GETPG
D,10H

S

PSW
M, A

M
BITER
PSW

L
WRIT1
H

D
WRITI
PSW

A5-7

ADDRESS OF 'SOLOS'/'CUTER'
BUMP TO RETURN TO COMMAND PROCESSOR

EXIT TO OUR CALLER

xkk* GTRING *K*kk

GET CHARACTER FROM STRING
BUMP STRING POINTER

IS IT CR?

YES, END OF STRING

NO, OUTPUT CHARACTER
CONTINUE

kkxk NEXT PACE * ok kk
SAVE

LOOX FOR 'ESCAPE' KEY
GET CURRENT PAGE NUMRER
ADD 4K

WRAP AROUND

SAVE

RESTORE

AND RETURN

xx%x* GET DPAGE ****
SAVE

GET PAGE NUMBER
BOARD ADDRESS

ADD PAGE #

SET PAGE ADDRESS
RESTORE

RETURN

Xkk*k DPREQT kkkk

WRITE TEST PATTERN
AND READ IT BACK
BUMP PASE POINTER
THEN RETURN

* ok kk WRITE * % % X
SAVE

GET PROPER HL
COUNT 4K

xkkk WRITE 1 ****
SAVE WORKING PATTERN
TRY TO STORE

IS DATA GOOD?

RECORD BIT IF NOT
RESTORE PATTERN
PERMUTE

BUMP STORAGE ADDRESS

BUMP BY 256
ENOUGH FOR 4K

RESTORE
AND RETURN

16KRA



1464 *

0142 1466 READ EOU 3 KkHk READ *xkx
uld42 £5 1468 PUSH PSW SAVE
Ul1l43 CD 14 01 1470 CALL GETPG GFT PROPER {L
vld4e 16 1U 1472 MVI D,10H COUNT 4K
1474 *
0l4y 1476 READ1 EQU $ Ak k% READ 1 ***x*
0148 F> 1478 PUSH P3W SAVE WORKING PATTERN
0149 AE 1480 XRA M IS DATA STILL GOOD ?
014A C4 5a 01 1482 CNZ BITER ACCUMULATE ERRORS
014D F1 1484 POP PSW RESTORE PATTERN
V14E 17 1486 RAL . PERMUTE
014F 2C 1488 INR L BUMP STORAGE ADDRESS
0150 C2 48 01 1490 JNZ READ]
0153 24 1492 INR H BUMP RY 256
0154 15 1494 DCR D ENOUIGH FOR 4K
0155 C2 48 01 1496 JINZ REFAD]
0158 F1 1498 POP PSW RESTORF
0159 C9 1500 RET . AND RETURN
1502 *
0154 1504 BITER FNU 3 kk%&*x RIT ERROR ***x
015a ES 1506 PUSH H SAVE REGS
015B 47 1508 MOV B,A ERROR RIT
015C 21 91 01 1510 LXI H,BITS ERROR RIT TASBLE
015F 32 95 01 1512 LDA PAGE GET CURRENT PAGE
ule2 07 1514 RLC . SHIFT TO
0163 07 1516 RLC . LOW ORDER
0164 07 1518 RLC . TWO BITS
0165 07 1520 RLC .
0166 85 1522 ADD L DISPLACE RY PAGE #
0167 6F 1524 MOV L,A INTO BIT TABLE
0168 7E 1526 MOV A,M GET BITS ACCUMULATED SO FAR
0169 BO 15238 ORA g ADD NEW ONES
0l16A 77 ' 1530 MoV M,A AND PUT IN TABLE
1532 *
016B 2A 8F 01 1534 LHLD COUNT ERROR COUNT
0l6E 23 1536 INX H RUMP
0l6F 22 8F 01 1538 SHLD COUNT
0172 7C 1540 MOV A,H HAS COUNT
0173 BS 1542 ORA L GONE AROUND TO 0?
0174 CA E6 00 1544 JZ ABORT YES, TERMINATE TEST
0177 El 1546 POP H RESTORE
0178 C9 1548 RET . AND RETURN TO TEST
1550 *
U179 43 4F 4D 50 1552 CMPLT ASC 'COMPLETED"
4C 45 54 45
44
0182 0D 1554 DB ODH
0183 41 42 4F 52 1556 TERM ASC 'ABORTED'
54 45 44
018A 0D 1558 DB 0DH
1560 *
0019 1562 SoUT EQU 19H DISPLACEMENT TO JUMP
J01F 1564 SINP EQU 1FH DISPLACEMENT TO JUMP
1566 *
018B 1568 RAM EQU $ DEFINE WRITABLE STORAGE AREA
1570 *
018B 1572 IOADR DS 2 ADDRESS OF CALLER'S JUMP TABLE
018D 1574 BDADR DS 2 ADDRESS OF 16KRA UNDER TEST
Ul8F 1576 COUNT DS 2 ERROR COUNT
0191 1578 BITS EQU $ CHIP MAP, MUST NOT CROSS 256 BYTE BOUNDR
0191 1580 ROW1 DS 2 BIT MAP FOR BITS IN ROW 1
0193 1582 ROW2 DS 2 BIT MAP FOR BITS IN ROW 2
0195 1584 PAGE DS 1 CURRENT PAGE
0196 1586 FILL DS 1 STATIC TEST BYTE
APPENDIX 5 A5-8 16KRA

REV A


















ProcessorTechnology Corporation 7100 Johnson Industrial Way, Pleasanton, CA 94566 Manual Number 730003




	16KRA001.tif
	16KRA002.tif
	16KRA003.tif
	16KRA004.tif
	16KRA005.tif
	16KRA006.tif
	16KRA007.tif
	16KRA008.tif
	16KRA009.tif
	16KRA010.tif
	16KRA011.tif
	16KRA012.tif
	16KRA013.tif
	16KRA014.tif
	16KRA015.tif
	16KRA016.tif
	16KRA017.tif
	16KRA018.tif
	16KRA019.tif
	16KRA020.tif
	16KRA021.tif
	16KRA022.tif
	16KRA023.tif
	16KRA024.tif
	16KRA025.tif
	16KRA026.tif
	16KRA027.tif
	16KRA028.tif
	16KRA029.tif
	16KRA030.tif
	16KRA031.tif
	16KRA032.tif
	16KRA033.tif
	16KRA034.tif
	16KRA035.tif
	16KRA036.tif
	16KRA037.tif
	16KRA038.tif
	16KRA039.tif
	16KRA040.tif
	16KRA041.tif
	16KRA042.tif
	16KRA043.tif
	16KRA044.tif
	16KRA045.tif
	16KRA046.tif
	16KRA048.tif
	16KRA050.tif
	16KRA052.tif
	16KRA053.tif
	16KRA054.tif
	16KRA055.tif
	16KRA056.tif
	16KRA057.tif
	16KRA058.tif
	16KRA059.tif
	16KRA060.tif
	16KRA061.tif
	16KRA062.tif
	16KRA063.tif
	16KRA064.tif
	16KRA065.tif
	16KRA066.tif
	16KRA067.tif
	16KRA068.tif
	16KRA069.tif
	16KRA070.tif
	16KRA071.tif
	16KRA072.tif
	16KRA073.tif
	16KRA074.tif
	16KRA075.tif
	16KRA076.tif
	16KRA077.tif
	16KRA078.tif
	16KRA079.tif
	16KRA080.tif
	16KRA081.tif
	16KRA082.tif
	16KRA083.tif
	16KRA084.tif
	16KRA085.tif
	16KRA086.tif
	16KRA087.tif
	16KRA088.tif
	16KRA089.tif
	16KRA090.tif
	16KRA091.tif
	16KRA092.tif
	16KRA093.tif
	16KRA094.tif
	16KRA095.tif
	16KRA096.tif
	16KRA097.tif
	16KRA098.tif
	16KRA099.tif
	16KRA100.tif
	16KRA101.tif
	16KRA102.tif
	16KRA103.tif

