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Cromemco 16KZ RAM Instruction Manual

INTRODUCTION

The Cromemco 16KZ is a high speed 16K RAM board designed
for the S-100 microcomputer bus. The 16KZ can operate
at 2 MHz or 4 MHz system clock rates with no wait
states., The Bank Select feature incorporated on the
16KZ allows memory space to be organized into as many as
eight banks of 64 Kbytes each. The memory banks in
which the 16KZ resides are selected by switches on each
16KZ board; the active banks of memory are selected
under software control. The 16KZ also contains Direct
Memory Access Override circuitry that allows any DMA
device to access different banks of memory during DMA
operations. :

The 16KZ was designed prior to the development and
introduction of the Cromemco Cromix Operating System.
Because the Cromix software uses a type of advanced bank
switching which the 16KZ cannot perform, the 16KZ board
cannot be used in a Cromix system.
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1.

Initial Switch and Jumper Setup

Chapter 1

INITIAL SWITCH AND JUMPER SETUP

LOGICAL ADDRESS BLOCK SELECT

The 16KZ RAM board may be located in any one of four 16
Kbyte blocks of memory space. The Block Select
switches, labeled Al4 and Al5, are part of an eight
position DIP switch located in the upper middle of the
board. These switches control address bits Al4 and AlS
respectively. Setting a switch to the UP position
enables the board to respond to a high logic level in
that address bit. The table below summarizes the switch
settings for each block.

Origin Address End Address Al5 Al4
0 3FFF 0 0
4000 7FFF 0 1
8000 BFFF 1 0
Cco000 FFFF 1 1

MEMORY BANK MAPPING SELECT

With the software controlled Cromemco Memory Bank Select
feature, the 16KZ board may be mapped to any combination
of eight levels of 64K memory space. The eight position
DIP switch in the upper middle of the board controls
bank selection. The legend on the board next to this
switch is labeled 7 6 5 4 3 2 1 0 with each number
corresponding to a bank of memory. A switch in the UP
position assigns the board to the specific memory bank.

On power-up, the active memory bank is Bank 0. Only
memory boards mapped to this bank are immediately active
after power-up. At this point, any bank or banks may be
enabled under software control by addressing I/0 port
40h dedicated to this function. The eight bits output
from port 40h enable or disable the corresponding
bank(s) in memory. A set bit 1 in the corresponding bit
position will enable the memory bank. A reset bit O
will disable it. A light emitting diode (Dl) is used to
indicate when the memory board is enabled. '
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BOARD SELECTION

When switch section 1 on the right hand DIP switch is
OFF (out), the board will not be selected when the
system is brought up or when a Power On Clear (reset) is
performed. This allows RDOS to reside at memory
location C000h., When the RDOS boot command is executed,
RDOS will be disabled and this 16KZ board will
automatically be enabled. Therefore, in systems with
64K of memory, only the card addressed with the highest
origin (C000h) should have switch section 1 OFF., Switch
sections 2 (Al5) and 3 (Al4) should be ON.

DIRECT MEMORY ACCESS OVERRIDE

The Cromemco 16KZ board also features Direct Memory
Access (DMA) override, a powerful hardware feature which
allows memory blocks residing in different memory banks,
with identical or overlapping addresses, to be
accessible to DMA transfer.

Switch sections 4 and 5 in the eight position DIP switch
to the right at the middle top of the board control this
function,

Switch section 5, when in the UP position, enables the
DMA override for the entire block. When DOWN, the DMA
override is disabled. Switch section 4, when in the UP
position, 1locks out the block of memory during DMA
transfer. When in the DOWN position, the memory is
accessible to DMA regardless of whether or not it
resides in the currently active memory bank. The
setting of switch section 4 is only relevant if switch
section 5 is UP, and then only during DMA operations.
Normally both switch sections 4 and 5 are left in the
DOWN position.
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Chapter 2

THEORY OF OPERATION

BANK SELECT LOGIC

The bank select logic circuit decodes commands sent to
output port 40h by the CPU to determine if the memory
bank in question should be active. If the CPU sends a
logic one to any bit position for which the bank select
switch is ON, the board will be enabled. Otherwise, the
board will_be disabled. IC16 decodes the combination
for SOUT, PWR, and address 40h and sends a clock pulse
to the bank select circuitry. The combination of open
collector inverters IC3 and 4 does an AND-OR operation
to detect the correct bank state. IC28 stores the
current bank status, sends it to the LED DI for
indication, and controls the board enable gate IC32.
The AND gates IC31l in combination with some discrete
components cause the bank 0_switch setting to control
the board status whenever PRESET and POC are pulsed.
Thus the bank 0 switch determines the state the board
comes up in whenever a RESET occurs.

DIRECT MEMORY ACCESS OVERRIDE

IC13 in conjunction with the DMA ENABLE and DMA OFF
switches allows DMA operations to override the current
bank selection if desired. If the DMA ENABLE switch is
DOWN, then the current bank select FF state governs the
board state during DMA operations. In this case, the
DMA OFF switch has no effect. If the DMA ENABLE switch
is UP, then the DMA OFF switch determines whether the-
board is enabled during DMA operations. If the DMA OFF
switch is DOWN, then the memory board is enabled for DMA
operations when addressed. If the DMA OFF switch is UP,
the memory board is unconditionally disabled during all
DMA operations.,

Proper use of the DMA ENABLE and DMA OFF switches will
permit DMA devices, such as video graphic display
generators, to remain "in contact" with their own
dedicated memory area regardless of the current memory
bank selection.- This prevents loss of the image when
banks are switched. All memory. boards in an address
range where bank switching is used in conjunction with
DMA ENABLE must have the DMA ENABLE switching capability
to prevent bus conflicts.
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BOARD ENABLE DECODE

The overall board status is decoded by IC32, Address
selection uses exclusive-OR Logic gates in conjunction
with two dip switch sections to select the 16K address
block for which the board is active. If any of the
status lines SINP, SOUT, or SINTA goes high, the board
is disabled. Also, any device pulling the MDSBL bus
line (pin 67) low will disable the memory board. This
permits a ROM bootstrap to overlap the memory area 1if
desired. If the bank select and other conditions are
met, then output of IC32 goes low to enable the 16KZ to
perform memory cycles.

CHIP ENABLE GENERATION

The 16KZ uses a direct read process for generation of
the RAM chip enable signals. In general, whenever the
address and other conditions are correct for addressing
a particular RAM, the chip enable (CE) input will go
high (+12v) if a memory cycle request occurs, This is
when either MWRITE, PDBIN, or SMl go high, or when MREQ
goes 1low. Since the bus signals are used directly to
control the CE generation, all devices sending memory
cycle signals on the bus must use a format similar to
the 8080 and send only signals for complete memory
cycles, Short pulses or address changes while CE is
high will usually cause the RAM area addressed to fail
to restore the data after reading it out. The data then
changes state and is lost. Direct read operation was
chosen to permit the shortest possible memory access
operation and thereby allow operation at 4MHz with the
Cromemco ZPU without wait states,

Decoding of the bus signal combinations giving valid CE
operation occurs in IC47. Address line A0 determines
whether the CE pulse will occur on pin 12 (A0=0) or pin
11 (A0O=1). During CPU operations, CE pulse outputs can
occur only if the address enable input is low and the
gating pulse input H is high. During DMA operation the
gating input H is held low. In general, gating input H
is used to turn off the CE pulse whenever conditions
requiring it occur. IC62 combines a number of these
inhibiting conditions to produce the CE gating pulse.
The signals of primary importance during CPU operation
are the RFSH bus signal on pin 66, and the gating FF
output from IC28 pin 7. The gating FF, IC28, takes pin
7 high whenever a CE pulse is allowed. If the current
N CE pulse lasts more than eight cycles of 02, then the QD
output of IC29 goes high. This sets IC28 and its pin 7
goes low to terminate the CE pulse. This prevents the

6
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CE pulse length from exceeding the RAM specifications if
the CPU enters a wait state during a memory cycle. The
wait state situation occurs primarily during front panel
single step and reset operations, but could come from a
hardware item elsewhere. Also, 1if a refresh cycle
begins, CCDSBL goes low, or PHLDA goes high, IC28 goes
low to prevent CE pulses from IC47. When normal CPU
operation resumes, a logic low level output from IC30
pin 10 causes IC28 to take pin 7 high again.

CHIP ENABLE CONTROL LOGIC

The chip enable pulses from IC47 go first through IC48,
which stretches the trailing edges to eliminate any low
going glitches which may be generated in IC47. The CE
signals then go to IC49 and IC50 for selection of the
block of 4K bytes to be accessed. The NOR gate IC61
turns off the CE pulse when the board is unaddressed or
during a refresh cycle. 1IC52 inserts the refresh pulse,
and IC18 and IC35 amplify the TTL signal to logic levels
of 0 and +12V for the RAMs. The 75332's employ an
external PNP transistor to pull their outputs up to
+12V,

The CE generation and control logic divides the RAHM
array into 4K blocks depending on the states of A0 and
A8. This permits fast DMA devices such as the Cromemco
Dazzler interface to use ripple addressing with either
A0 or A8 as the most rapidly changing address. Minimum
access times result, with the read process occurring in
a manner similar to static RAMs. In order to use this
mode, all addresses and control lines must change at the
same time.,

RAM ARRAY

The RAM array consists of four blocks or rows of 4K x 1
RAM chips, with like bit positions bussed together. All
the similar address and control lines are tied together,
with the CE pulse determining which row responds.
Address data comes from multiplexers IC1l9, IC36, and
IC53, These determine whether the RAMs use the CPU bus
or the refresh counter for addressing. During write
operations, IC64 transmits.data from the CPU DO bus to
the RAM -chip data pins.- The' 3-state output of IC64
turns ON whenever an MWRITE pulse occurs. A stretching
network with IC46 prolongs the MWRITE pulse trailing
edge to allow for propagation delays through the CE
logic., Data entry into IC64 is enabled whenever either

7
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PWR or PRDY are low. This allows the memory write cycle
to complete after the CPU changes DO for the next
advanced status.

Data read out of the RAM array is latched into IC65,
Thus it is available to the CPU and front panel after
the memory completes its cycle. PDBIN, SMEMR, and board
enable control gating of the data onto the DI bus, The
latch enable signal comes from 1IC47 and goes high
whenever the RAM array is read or written for data.

REFRESH CYCLE GENERATOR

This memory board uses an M1l refresh state process.
Advantage is taken of the fact that 8080 and Z-80 CPUs
use at least four clock cycles for their M1l states to
fetch and decode instructions. The normal data fetch
occurs during the first two clock cycles, and then
memory refresh occurs during the 3rd and 4th clock
cycles of Ml. When a coincidence of SM1,PSYNC=1l occurs
at a 02 positive going edge, IC27 pin 5 goes high to
note this. One 02 cycle later, IC27 pin 9 goes high to
begin a refresh sequence, During refresh, IC61 turns
off any CE signals from IC47. At the first 02 negative
going edge after refresh begins, IC44 pin 9 goes low to
turn ON the CEs for all RAMs and refresh their data.
One 02 cycle 1later, 1IC44 turns OFF, completing the
refresh and incrementing the refresh address counter
IC33. IC29 then turns OFF and returns the RAM to CPU
control. If the RAM is used with a Z-80, ICl4 uses the
RFSH signal to prevent action by the CPU refresh pulse
on MREQ., Otherwise, some wait state conditions may
cause the generation of CE glitches. When the refresh
cycle begins, IC45 causes IC28 pin 7 to go low. It
stays this way until the trailing edge of SM1l clocks
IC44 pin 4, which causes IC30 to make IC28 pin 7 high
again. IC44 clocks at the trailing edge of SM1l and
PHLDA and the leading edges of MWRITE. During times
when CPU operation is suspended, IC30 pin 9 goes high,
causing IC29 to count. After eight cycles of 02, the CE
outputs of the IC47 are disabled, After 16 cycles of
02, the CE outputs of IC47 are disabled. After 16
cycles of 02, IC29 pin 15 goes high, causing autonomous
memory refresh cycles. These refresh cycles continue to
occur once per 16 02 cycles until CPU operation resumes.
Two sections of IC49 arbitrate between MWRITE and
refresh pulses to prevent CE conflicts during front
panel write operations with the CPU stopped.
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RESET CIRCUITRY

The reset circuitry takes care of the special CE
management problems that occur with dynamic memories
using a direct read process. When the PRESET line goes
low, ICl1l3 and Q5 immediately pull down the PRDY line,
This causes the CPU to halt during execution of the
current memory cycle. The memory board then times out
eight 02 cycles and IC28 pin 7 turns off the CE Pulse.
The CPU board must have a 10 usec delay network in
series with its PRESET input. The current revision
Cromemco ZPU board does have such a delay network, but
older ZPU boards may need modification. In particular,
ZPU REV A and ZPU REV B must have an RC network inserted

in series with the reset line as shown in the schematic
diagram below:

+6V

33082

75

IC11
11 12
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Provision of a 10 usec delay permits the memory board to
turn off before the CPU terminates the current
operation.

When the PRESET line is released, IC1l4 produces a delay
of about 50 usec to allow for multiple switch bouncing.
At the end of this time, ICl13 and IC3l1l cause the data at
memory location 0 to be read into the data latch IC65.
After another 50 usec, ICl3 and Q5 release the PRDY
line, allowing CPU operation to resume if in the run
state. This procedure prevents the occurrence of
partial memory cycles and resulting data loss caused by
the reset switch bouncing.

10
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A, Parts List

16KZ PARTS LIST

NT D PART NO.
ICl 7812 012-0002
IC2 7805/340T-5 012-0001
IC3-4 74LS05 010-0065
IC5-12 4050/9050E 011-0002
IC13 74LS00 010-0069
ICl4 74LS08 010-0064
IC15 74L.S86 010-0052
ICl6 745133 010-0089
IC17 74LS158 010-0045
IC18 75322 010-0075
IC19-26 4050/9050E 011-0002
IC27 7474 010-0019
IC28 74109 010-0013
IC29 74161 010-0008
IC30 PROM 74902 502-0002
IC31 74LS08 010-0064
IC32 7430 010-0023
IC33 74393 010-0078
IC34 74LS158 010-0045
IC35 75322 010-0075
IC36-43 4050/9050E 011-0002
IC44 74109 010-0013
IC45 74LS00 010-0069
IC46 74265 010-0002
IC47 PROM 74901 502-0001
IC48 74832 010-0090
IC49-50 74510 010-0035
IC51 74LS158 010-0045
IC52 74500 010-0036
IC53-60 4050/90500E 011-0002
IC61 74LS02 010-0068
IC62 74LS21 010-0060
IC63 (NON-TI) 74LS04 010-0066
IC64-65 748373 010-0085
TRANSISTORS/DIODES BART NO,
0l 2N3646 009-0000
Q2-5 A5T4260 009-0020
Dl LED GRN TIL-211 008-0020
D2-7 1N914/1N4148 008-0002
D8 1N5231B ' 008-0006
D9 1N914/1N4148 008-0002
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CAPACITORS
Cl .047
C2 .001
C3 .047
C4 10
C5 47
Cé 10
Cc7-8 .047
Cc9 22
Cl0-37 .047
C38 100
C39-41 ,047
C42 220
C43-54 ,047
C55 001
C56 47
C57 100
C58 10
C59 6.8
Cé60 001
C61-63 47
C64-68 100
C69-71 150
C72-91 47
Cc92 .047
RESISTQRS
Rl

R2

R3-4

R5

R6

R7-8

R9

R10-11

R12

R13

R14

R15

R16

R17

R18

R19

R20.

R21

R22

R23

R24

R25-26

UF
UF
UF
UF
PF
UF
UF
OF
UF
PF
UF
PF
UF
UF
PF
PF
UF
UF
UF
PF
PF
PF
PF
UF

AXIAL
DISK
AXIAL
TANT
MONO
TANT
AXIAL
TANT
AXIAL
DISK
AXIAL
DISK
AXIAL
DISK
DISK
DISK
TANT
TANT
DISK
MONO
MONO
MONO
MONO
AXIAL

1K
270
1K
180
56
2,2 K
560
22
2,2 K
10 K
270
22
2,2 K
560
4,7 K

560

270 .

10
560
680

4.7 K
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PART NO,

004-0061
004-0022
004-0061
004-0032
004-0000
004-0032
004-0061
004-0028
004-0061
004-0008
004-0061
004-0013
004-0061
004-0022
004-0005
004-0008
004-0032
004-0034
004-0022
004-0000
004-0009
004-0010
004-0000
004-0061

2ART NO,

001-0018
001-0011
001-0018
001-0009
001-0040
001-0021
001-0015
001-0001
001-0021
001-0030
001-0011
001-0001
001-0021
001-0015
001-0024
001-0001
001-0015
001-0011
001-0000
001-0015
001-0067
001-0024
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R27 2,2 K
R28-29 1.5 K
R ACROSS C9 1.5 K
RESISTOR NETWORKS
RN1 2.2K, 8 PIN
RN2-4 33, 8 PIN
RN5 270, 8 PIN
RN6 560,8 PIN
RN7 270, 8 PIN
RN8 180, 8 PIN
RN9-13 560, 8 PIN
RN14 2.2K, 8 PIN
RN15-16 100, 8 PIN
RN17 1.5K, 8 PIN
MISCELLANEOUS
2 EA. SOCKETS, 20 PIN
32 EA, SOCKETS, 18 PIN
10 EA. SOCKETS, 16 PIN
19 EA. SOCKETS, 14 PIN
2 EA, SWITCH, 8 POSITION
4 EA., 6-32X1/2 SCREW
4 EA, #6 LOCK WASHERS
4 EA. 6-32 HEX NUTS
1 EA. LARGE HEAT SINK
2 EA, SILICON PADS

13

001-0021
001-0020
001-0020

PART NO,

003-0008
003-0000
003-0003
003-0006
003-0003
003-0002
003-0006
003-0008
003-0001
003-0027

EPART NO,

017-0004
017-0003
017-0002
017-0001
013-0002
015-0044
015-0020
015-0013
021-0017
021-0109
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B. Limited Warranty

LIMITED WARRANTY

Cromemco, Inc. (**Cromemco’’) warrants this product against defects in material and workmanship to the original purchaser for ninety (90) days from the
date of purchase, subject to the following terms and conditions.

What Is Covered By This Warranty:

During the ninety (90) day warranty period Cromemco will, at its option, repair or replace this Cromemco product or repair or replace with new or used
parts any parts or components, manufactured by Cromemco, which prove to be defective, provided the product is returned to an Authorized Cromemco
Dealer as set forth below.

How To Obtain Warranty Service:

You should immediately notify IN WRITING your Authorized Cromemco Dealer or Cromemco of problems encountered during the warranty period. [n order
to obtain warranty service, first obtain a return authorization number by contacting the Authorized Cromemco Dealer from whom you purchased the
product. Then attach to the product:

1. Your name, address and telephone number,

2. the return authorization number,

3. adescription of the problem, and

4. proof of the date of retait purchase.

Ship or otherwise return the product, transportation and insurance costs prepaid, to the Authorized Cromemco Dealer. If you are unable to receive warran-
ty repair from the Authorized Cromemco Dealer from whom you purchased the product, you should contact Cromemco Customer Support at: Cromemco,
Inc., 280 Bernardo Ave., Mountain View, Ca. 94043.

What Is Not Covered By This Warranty:
Cromemco does not warrant any products, components or parts not manufactured by Cromemco.

This warranty does not apply if the product has been damaged by accident, abuse, misuse, modification or misapplication; by damage during shipment;
or by improper service. This product is not warranted to operate satisfactorily with peripherals or products not manufactured by Cromemco. Transporta-
tion and insurance charges incurred in fransporting the product to and from the Authorized Cromemco Dealer or Cromemco are not covered by this
Warranty.

Exclusion of Liability, Damages, and Other Warranties:

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, WHETHER ORAL OR WRITTEN, EXPRESS OR IMPLIED. ANY IMPLIED WARRANTIES,
INCLUDING IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, ARE LIMITED iN DURATION TO NINE-
TY (90) DAYS FROM THE DATE OF PURCHASE OF THIS PRODUCT. IF THIS PRODUCT IS NOT IN GOOD WORKING ORDER AS WARRANTED
ABOVE, YOUR SOLEREMEDY SHALL BE REPAIR OR REPLACEMENT AS PROVIDED ABOVE. CROMEMCO SHALL NOT BE LIABLE FOR INCIDEN-
TAL AND/OR CONSEQUENTIAL DAMAGES FOR THE BREACH OF ANY EXPRESS OR IMPLIED WARRANTY, INCLUDING DAMAGE TO PROPERTY
AND, TO THE EXTENT PERMITTED BY LAW, DAMAGES FOR PERSONAL INJURY, EVEN IF CROMEMCO HAS BEEN ADVISED OF THE POSSIBIL-
ITY OF SUCH DAMAGES. THE AGENTS, DEALERS, AND EMPLOYEES OF CROMEMCO ARE NOT AUTHORIZED TO MAKE MODIFICATIONS TO
THIS WARRANTY, OR ADDITIONAL WARRANTIES BINDING ON CROMEMCO ABOUT OR FOR PRODUCTS SOLD OR LICENSED BY CROMEMCO.
ACCORDINGLY, ADDITIONAL STATEMENTS WHETHER ORAL OR WRITTEN EXCEPT SIGNED WRITTEN STATEMENTS FROM AN OFFICER OF
CROMEMCO DO NOT CONSTITUTE WARRANTIES AND SHOULD NOT BE RELIED UPON. SOFTWARE, TECHNICAL INFORMATION AND FIRM-
WARE ARE LICENSED ONLY BY A SEPARATE AGREEMENT ON AN “AS IS’ BASIS.

Limitation on Statute of Limitation and Transferability:

This warranty and the statute of limitations shall run concurrently with any acceptance period. This warranty is not transferable. No suit, litigation, or action
shall be brought based on the alleged breach of this warranty or implied warranties more than one year after the date of purchase in those jurisdictions
allowing such a limitation, otherwise no such action shall be brought more than one year after the expiration of this warranty.

Other Important Provisions:

Some states do not allow the exclusion or limitation of incidental or consequential damages or limitations on how long an implied warranty lasts, so the
above fimitation or exclusion may not apply to you. This warranty shall not be applicable to the extent that any provision of this warranty is prohibited by
any federal, state or municipal law which cannot be preempted. This warranty gives you specific legal rights, and you may also have other rights which
vary from glate to state. . .

7/82
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