






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































; Dallas Semiconductor PRELIMINARY
T1 Network Interface Unit DS2190
FEATURES PIN CONNECTIONS
e Modularized network interface for con-
necting to 1.544 Mbps T1 services rxried 1 2 FLPWR +
* Small size—1.75" x 2.75"” x 0.5"” high RXR':‘;E i ‘:(‘] g";ZWR‘
permits integration onto line cards pie= 39 NG
e Compatible with ATT publication 62411 TP 5 38 AANC
O 37 NC
. FCC} Par.t 68 and Part 15 pre- TX“‘ﬁ‘QU 3 36 ENC
registration nedd 8 35 FANC
¢ Extracts clock and data for use by a RCT_ﬁE 13 2; g:‘gu(
transceiver device such as the DS2180 oSO 11 a2 2 TPOS
* Loopback code generation and RNEG 12 31 PTNEG
detection RZERO[] 13 30 [ TSCOD
CLKSELLC] 14 29 [ TRCOD
® Assures proper ones density to LBo1c] 15 28 FLOCLB
network LBO2[] 16 27 [ DELSEL
LBO3[] 17 26 [)FRSYNC
* Powered by a local +5 volt supply LBO4[] 18 25 M TZERO
LBO5[] 19 24 [JTDENS
LBO6] 20 23 [ REMLB
aND 21 22 Pvpp

DESCRIPTION

The DS2190 is a small sealed module designed to meet the recommendations of ATT
publications 62411 for interfacing to T1 1.544 Mbps services (such as Accunet* T1.5, Skynet*
T1.5 and High Capacity Digital Service). Because of the DS2190’s FCC approval (Parts 68/15)
and small footprint, T1 equipment makers can integrate an NIU into their products, reducing
cost and increasing total system performance. Basic functions of the DS2190 are clock and
data recovery, isolation and surge protection, loopback detection and generation, and keep-
alive signal generation. The DS2190 is compatible with D4 and ESF framing formats as well
as B8ZS Clear Channel Coding. Also provided are alarm outputs for transmit and receive line

status monitoring.

*Service marks of ATT Communications.
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R Dallas Semiconductor

» MODEM DS6101/6103

FEATURES PIN CONNECTION

e Directconnection to telephoneline — DIGITAL L‘(ﬁ E ; ;g g gégg
incorporates DAA function Ne s 3 [ cs»

e Parallel interface to general purpose uP bus TEST [] 4 37 [ c/p+

e Very small size —2.28"x 1.0" x 0.5" Ne ]S 36 [T WRx

o Full Bell 212A/103 Modem compatibility SYNDET/BRKDET [ | 6 35 (7] RO«

o FCC Part68registered DAA ::23:,% ; i; g gé

e Call progress Monitoring My [ o 52 [5 05

e Toneorpulsedialing +5v0C [ 10 31 7 os

e DTMF sensing and decoding -svoc [} 11 30 [ 03

» Voice sensing ANALOG GND [ 12 29 [7] D2

o Software controlled audio interface AuDIO out [] 13 28 ] D1

e Voice synthesis option AUDIO IN- L] 14 27 [J oo

e Parallel host interface

e +/-5 Volt power only N/ ] 17 24 ] TP

® Telephone line diagnostics Nn/e ] 18 23 [ N/

® Synchronous/asynchronous operation :;g E 19 22 [ N/C

e Line frequency monitoring 0 21 |1 RiNG

o Parity generation/checking CAUTION

» Sync byte detection/insertion Pins 17-24 have 1500V isolation from the rest of

the modem, this isolation should be preserved
throughout the system.
DESCRIPTION

The DS6101/6103 Modems are high level communication subsystems manufactured in a compo-
nent sized form factor to enable maximum communications capability in a minimum amount of
space. Thedistinguishing characteristic of these devices is thatthey allow direct connectionto a
telephone line from any general purpose microprocessor bus. In contrast to many of the so-called
“single-chip modem” IC’s, the DS6101/ 6103 Modems provide all of the functions required for a
complete, Bell 212A compatible interface. These functions include the host interface,
modulation and demodulation circuitry, and Data Access Arrangement (DAA) line interface
cirvitry. The Modems’ DAA is fully FCC registered, eliminating potential delays for customers
with a need to incorporate a modem function in their end system product.

The Modem has an advanced line monitoring capability which allows it to sense the presence of voice
or DTMF (touch tone) signals on the line in addition to its normal call progress monitoring. The
Modem may then be switched into an Audio mode for voice communication, or into a DTMF decoding
mode which makes it possible to receive information from a remote touch tone telephone and
decodeitforthe host processor. The DS6103 includes a voice synthesizerfor voice promptingin
the return path or for the user.
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u: Dallas Semiconductor
| 4

Data Access Arrangement DS6112
FEATURES PIN CONNECTIONS
e Interfaces user equipment to public
switched telephone network VDD [ 1 20[ ] RING
2
*FCC Part 68 Registered vee L . .
- Simplifies system design R 1P
- Minimizes equipment approval cycle RCVR ] 4
xMIT [ s
®|deal for modem applications xmFr [ 6
T 14 N/C
* Small Size - 1.25" x 1.0" x 0.5" 1 L7 LN/
OH[ s 13 JN/C
® 2 to 4 Wire Converter GND [ 9 2] JN/C
To 110 1IN/
® 1500 Volt Isolation
® 800 Volt Surge Protection
CAUTION

® Ring Detection

DESCRIPTION

Pins 17 and 20 have 1500V isolation from the
rest of the circuitry. This isolation should be
preserved throughout the system.

The DS6112 is a communications component that provides a “direct connect” telephone line
interface. Itis FCC Part 68 Type WP registered to meet hazardous voltage, surge and leakage
currentrequirements. A system developed with this product as the DAAmeets Part 68 Type WP
protection requirements and requires no further registration.

This component may be used as the direct connect telephone line interface for virtually any
application in which voice or data is to be transmitted over the public switched telephone network.

The DS6112 includes both ring detection circuitry and the 2 to 4 wire converter hybrid for use in
modem applications. It operates from +/-5 volt power supplies and occupies 1.25 square inches

of board space.




B Dallas Semiconductor PRODUCT REVIEW

> 1200 BPS MODEM Module , DS6122
FEATURES PIN CONNECTIONS
* Complete modem system interfaces nec] 1 a2k e
parallel uP bus directly to phone line GND L] 2 39 [ TIPH
* Bell 212A/103 and V.22/21 compatible jet= (] =
e Complete “AT” command set in posSQ 5 s
fimware o -
* Contains FCC Part 68 and Canadian ps] 8 g m]
CS-03 approved DAA OZE 9 32 g
N 10 31
* Small size—2.28" x1.0” x0.5" Nc ] 11 30
* Single +5 Volt supply operation AU?,L?E :i :2 gm
e DTMF and pulse dialing : A0 14 27 D1
A1[] 15 26 |11 D2
¢ Call progress monitoring A2] 16 25[1D3
s 17 24 D4
DOST [ 18 23 [ D5
DIST ] 19 22 [11D6
EHC [} 20 21 [ D7
DESCRIPTION

The DS6122 is a high-level communications subsystem manufactured in a small form factor
to permit integration into a variety of applications, especially where space is a concern. An
integral FCC and Canadian approved DAA interface allows the DS6122 to be directly con-
nected to the public switched telephone network. Embedded firmware in this component
completely implements the standard “AT”’ command set which assures compatibility with
popular communications software. The DS6122 also emulates the 8250B UART which means
that it can be directly connected to an IBM-PC/XT/AT system bus. Operation at + 5 volts makes
this module an attractive choice for low-power applications such as lap-top computers.

Included in the DS6122 are all the modulation/demodulation and filtering circuitry necessary
for compatibility with Bell 212A/103 type modems as well as the CCITT V.22/21 series
modems. Also provided is the capability for call progress monitoring as well as DTMF and
pulse dialing. 3 loopback modes—analog, digital and remote—are available for line and
component testing. A programmable audio output can be used for monitoring the telephone
line signals.
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B Dallas Semiconductor
* MODEM Evaluation Kit

DS6151
DS6153

FEATURES

¢ |[BM PC-based evaluation kit for
DS6101/61103 Modems

e Two versions:
- DS6151 supplied with DS6101 Modem
- DS6153 supplied with DS6103 Voice
Synthesis Modem

¢ Printed circuit board provides socket
for Modem, RJ11 telephone jack and
headset jack; plugs into expansion
slot on IBM PC

* Supplied with headset
e Evaluation software on floppy disk

e Supplied with complete operating
instructions

DESCRIPTION

The DS6151 and DS6153 Modem Evaluation Kits provide immediate evaluation of the DS6101
and DS6103 Modems. The kits supply all of the necessary hardware, software and documen-
tation for use with an IBM PC. A printed circuit card which sockets the appropriate Modem
plugs directly into the backplane of the PC and provides a modular RJ11 connector to a
telephone line. In addition, a jack for the headset which is supplied with the kit is mounted
on the board. A complete set of documentation with instalation and operating instructions is
also supplied. A user need only have a private telephone line with a modular plug to insert in-
to the RJ11 jack and he or she can be using the modem to converse in voice, transmit data or

listen to synthesized voice responses in just a few minutes.
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Dallas Semiconductor
Nonvolatile Static RAM

Application Note-1
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NONVOLATILE STATIC RAM _
Vast resources have been expended by the
semiconductor industry trying to build a non-
volatile Random Access Read/Write Memory.
The effort has been undertaken because
nonvolatile RAM offers several advantages
over other memory devices—DRAM, Static
RAM, Shadow RAM, E2PROM, EPROM and
ROM—which were developed to meet specif-
ic applications needs.

Figure 1 MEMORY ATTRIBUTES

INTERFACE NON-

Characteristics of the ideal nonvolatile RAM
are: low power consumption; higher perfor-
mance; greater reliability; higher density;
and the ability to be used in any semicon-
ductor memory application.

While the various memory components de-
signed to date are not appropriate for the
ideal memory scenario, each excels in meet-
ing one or more of the sought after attributes
(Figure 1).

PERFOR- READ/ DATA RE-

cosT EASE ___ VOLATILE DENSITY _ MANCE __ WRITE __TENTION
DRAM + + + + + + +

STATIC RAM + ++ + + ++ + ++ +
SHADOW RAM + + + +
E2PROM + +
EPROM + + + + + + + + + + +
ROM ++ + + + + ++ + ++ + + ++ +

+ = Degree of Excellence

Many types of memories have been devised

to meet varying application needs. Non-

volatile Read/Write Random Access Memories can be substituted for all memory

types Independent of applications.

For example, NMOS DRAM memory provides
performance and density, but, on the down
side, must be constantly refreshed to retain
data. At the opposite extreme are ROMs, of-
fering nonvolatility and density, but lacking
the ability to be updated with new data be-
cause information is burned in only once.
Between these two are a wide range of de-
vices that fulfill some characteristics of the

Figure 2 ROM

ideal memory.

Two popular devices, E2PROMs and Shadow
RAMs, are designed to emulate a static RAM
but also have the ability to retain data after a
power loss. But despite their capability to re-
tain data, both E2PROMSs and Shadow RAMs
fall short of meeting the industry’s needs for
several reasons (Figure 2).

RAM
Manufacturer > Short Write Cycle >End User

Long Write Cycles prevent E2PROMs from emulating RAM, making them less than

ideal memories.
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Most notably, the E2PROM requires a special
write cycle. The E2PROM’s inability to sup-
port standard write cycle hinders perfor-
mance in applications where memory is up-
dated immediately as new data is available.

Another problem with E2PROMs is their wear
out mechanisms. These raise reliability con-
cerns due to the limited number of write
cycles allowed—sometimes as few as 10,000.
If a static RAM with a 200 ns cycle time had
this limitation, it would wear out in a mere 20
ms. An application that requires constant
updating, such as the buffer memory of a
cashier’s checkout terminal or a printer, the
E2PROM’s wear out mechanism is not
acceptable.

Shadow RAMs, on the other hand, have been
developed to overcome long write cycles and
avoid wear out, but still require special store
and recall operations and to date are at den-
sities of less than 4K bits. In addition, the
majority of available Shadow RAM devices
do not provide a write protection mechanism
to prevent losing data when the system ex-
periences out-of-tolerance conditions due to
a power loss.

Finally, because of the complexity of pro-
gramming circuits, the cell structure and the
.special process technology required, the
‘density of both E2PROMs and Shadow RAM
have not kept up with industry demands.

In systems requiring store-and-forward data,
the nonvolatile RAM must provide the desired
fast write cycle as well as protection of mem-
ory in the event of a power loss. Despite the
promise of such a memory device and the ef-

Figure 3

fort ihvested by the industry, the ideal nonvol-
atile RAM is just now becoming available.

To provide the ideal nonvolatile RAM, Dallas
Semiconductor has combined two technolo-
gies—intelligent CMOS control circuitry and
lithium energy—to offer the first available
high-density nonvolatile memory. :

Two devices, the DS1220 (2K x 8 bits) and the
DS1225 (8K x 8 bits), use this combination
and a CMOS static RAM to provide a nonvol-
atile Random Access Memory solution at a
density of 64K bits. These memory devices
are the most appropriate answer to date
because of the beneficial qualities of CMOS
static RAM.

CMOS static RAMs currently available have
read and write cycle times of 100 ns, which
exceed most system requirements. This alle-
viates the problem of the E2PROM, because
there are no wear-out mechanism or write cy-
cle limitations.

Static RAMs are also the easiest to use and
interface because the pin-out configurations
are standard throughout the industry. In fact,
X8 or bytewide static RAMs can be interfaced
directly to microprocessors (Figure 3). In ad-
dition, CMOS static RAMs offer low power in
both active and standby modes, a character-
istic sought by many designers. In most
designs, RAMs remain in standby much of
the time, keeping power consumption negli-
gible. In the standby mode, current drain
consists only of leakage currents in the tens
of nanoamperes. The density of static RAM
is presently at an impressive 8K x 8 or 64K
bits and is doubling every two years.

WRITE
READ
T
DECODER — —
MICRO- [ ° CE_| cmos |OE
PROCESSOR RAM [—
Address Bus > WE
< Data Bus >

Bytewide memorles provide easy Interface to microprocessors because of the X8

olfganlzatlon and control signal definition.
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PUTTING LITHIUM AND RAM TOGETHER
The minute leakage current of CMOS RAMs
can be sustained with a backup energy
source to yield a most attractive nonvolatile
memory. However, the actual soiution to the
ideal nonvolatile memory involves more than
just a CMOS memory and back up energy
source (see Figure 4).

Battery Backup design schemes are many
and varied. The increase in density and avail-
ability of low powered CMOS memories in re-
cent years has made this approach even more
attractive. Yet problems still exist with bat-
tery backup design due to battery packaging
and a lack of the appropriate standard com-
ponents to implement the support circuitry.
One problem is providing isolation between
the battery and power supply (see Figure 5).
Diodes can provide isolation but produce a
voltage drop which requires nonstandard
power supplies and also subtracts from the
battery voltage. A second problem is the cir-
cuitry required to detect power failure and
write protect the memory. This additional cir-
cuitry must be powered from the battery.
Unless these devices draw an extremely
modest amount of current, battery selection
changes drastically. In fact a current drain of
even a couple of microamperes dictates the
use of either rechargeable batteries or a re-
placeable battery scheme. If rechargeable
batteries are selected, the recharging circuit
can be costly and complex and the best re-
chargeable battery cannot compare with the
electrochemical stability of the lithium pri-
mary cell. Even worse, replaceable batteries
add maintenance and cost to an in-service
system. Battery packaging has also been a
serious limitation taking up valuable space
and requiring special handling considera-
tions to prevent discharge.

ENERGY SOURCE

The energy source used to retain data in the
ideal memory must be capable of outlasting
the usefulness of the end product. The pro-
ducts use the extremely stable electrochem-
ical system lithium polycarbon monofluoride
with over 35 mA hours of energy reserve and

BATTERY BACKUP CIRCUIT? Figure 4
Vee i Vee
CMOS STATIC z3
RAM
GND -

CMOS static RAM requires more than just a backup
power supply. Data must also be protected during
power transients to avoid garbled data.

Figure 5

12v

REGULATOR

el [

| cmos
RAM

Support circuitry required to produce power fail detec-
tion and write protection forces the need for a multicell
rechargeable battery or a replacement lithium battery.
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guaranteed shelf life greater than 10 years.
The total energy cell load current used by the
DS1220 and DS1225 is less than 100 nA at 25
degrees C. This gives a calculated lifetime of
more than 40 years in the absence of exter-
nally applied power. ’

LITHIUM BATTERY BACK UP IS MORE
RELIABLE

The lithium energy cell has raised concern
about reliability and has been the object of
much study'. Data taken on the energy cell
used in the DS1220 and DS1225 indicates a
failure rate less than 0.5% per three million
device hours at 70 degrees C.

Additional life studies taken on the same
lithium energy source encapsulated in the
manufacture of the DS1220 and DS1225 have
produced no failures in over 12 million
device hours at 70 degrees C. The lithium
energy cell, then, is ideal for commercial and
industrial semiconductor applications.

RETROFITTING EXISTING DESIGNS

The pinout of the DS1220 and DS1225 is an
established industry standard (Figure 6). The
Joint Electronic Devices Engineering Coun-
cil’s Bytewide Version B Standard defines
and upgrades from 2KXx8 in density to
32K x 8.

This standard accommodates RAM, ROM,
UV EPROMSs, and E2PROMs. Because of the
flexibility and upgradeability of bytewide
memories, the number of existing sockets is
in the hundreds of millions. Therefore, many
system designs can accommodate direct re-
placement of RAMs, EPROMs, ROMs, and
E2PROMs with the DS1220 and DS1225.
These new solutions add real time program-
mability and/or density upgrades to existing
system without redesign. Real time program-
mability gives the system the ability to be
personalized by the end user. In other words,

the nonvolatile RAMs can be retrofitted into
existing design without change to existing
hardware. This retrofitting offers a cost-
effective, practical solution for companies
who have invested in other memory devices
that are less than ideal for their needs. For
example, a design using conventional static
RAM can be upgraded to nonvolatile memory
by substituting a DS1220 or DS1225 for the
RAM memory.

IN-CIRCUIT PROGRAMMABILITY

The advantages of nonvolatile RAM can be
related to the capability of software. Modern
systems seek customization for the cost of
standard product. In this aspect, software
can be adapted in this system to perform
specialized functions. It is even possible to
totally modify a system personality over the
telephone. In-circuit programming also re-
duces maintenance cost by eliminating ser-
vice calls to update software. Software
stored in RAM can be updated as often as
necessary, depending on the conflguratlon
or application of the system.

In the immediate future, the density of a non-
volatile CMOS static RAM will continue to in-
crease. By 1986, a 32K x 8 version of the
nonvolatile  RAM will be available from
Dallas Semiconductor. In addition, Dallas
Semiconductor will offer a watch function
and security options in combination with
nonvolatile RAM. Still other devices will be
introduced using special packaging tech-
niques to add portability to nonvolatile mem-
ories. These packages will offer designers
and end users the ability to give their
systems unique solution characteristics for
value added configurations.

Louis J. Hart and Theodore Ciobanu,
“Lithium Batteries for Memory Backup—An
Evaluation Program at IBM,” published in
Batteries Today, Summer 1984 issue. -
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Figure 6 Bytewide JEDEC Pinout

A14 [ 1 Ds1230 28 OVgg
A12 [ (‘326:8) 27 OWE
NC 1 128K 28 [ Voo 26 A3
a2 ]2 %8 5 O WE 25 [JA8
NC O] 1 Ds1225 28 [ vgg 2% [ A13 24 A9
A2 [ 2 (8‘:‘:8) 27 O WE 25 [J A8 23 JA11
NC O 1 2k 28 [ Ve 26 [ NCorVgc 24 [1 A9 22 ;lcﬁ
NC []2 ©KxB) 27 O WE 25 [1 A8 23 [3 A1 21 [JA10
A7 1 psi2zz0 24 DPvge 26 [0 NCorvge 24 [ A9 22 [ OE 20 [OCE
A6l 2 8K 23 OA8 25 [ A8 23 0O aAn 21 [ a0 19 [JpQ7
a3 “Y 2 b 24 1 A9 22 [OE 20 [ CE 18 [1DQ6
A4 4 21 OWE 23 ElAn 21 5A10 19 [1 par 17 [1DQ5
A3I:’5 20 POGE 22 [ OE 20 [ICE 18 [1 pQs 16 [1DQ4
A2 6 19 [JA10 21 [ A10 19 [ ba7 17 |1 bas 15 [dpa3
a7 18 [ACE 20 [ CE 18 [J Das 16 [1 bQ4
A0 s 17 [Obar 19 [ pa7 17 1 DQ5 15 [J DQ3
DQo [ 9 16 [1DQ6 18 [1 DQ6 16 [1DQ4
pat [ 10 15 [1DQs 17 [ DQ5 15 [1DQ3
DQ2 O 11 14 [JDQ4 16 DQ4
vgs O 12 13 [0 Da3 15 [1 DQ3

Provides for density upgrade to 32K x 8
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‘Dallas Semiconductor
User Insertable Nonvolatile RAM

Application Note-2
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USER INSERTABLE NONVOLATILE RAM

USER INSERTION PROBLEMS WITH

Semiconductor packaging has precluded the CONVENTIONAL INTEGRATED CIRCUITS

handling of memory by the end users (Figure
1). There are many examples of equipment
manufacturers ranging from consumer video
game cartridges to speech recognition for
industrial automation who have repackaged
semiconductor memory to permit handling
by the end customer. The underlying reason
is to increase the flexibility of a mass pro-
duced piece of equipment. Game manufac-
turers found out that by producing one stan-
dard size video console they could meet the
diverse interests of their customers with car-
tridges sold in the after market. More often
than not the value of a piece of equipment is
tied to how closely it can be adapted to serve
a specific need (Figure 2). This is in conflict
with the economics of mass production.
When a design has no options, it would tend
to be lower in cost but offer marginal appli-
cation fit. Unlike mechanical, electronic
equipment has an inherent advantage in
adapting to diverse needs largely as a result
of the microprocessor and its associated
memory. In particular, the cost of creating
uniqueness has been drastically lower with
the availability of nonvolatile RAM. When
nonvolatile RAM is packaged in a user-in-
sertable format, even more possibilities are
opened up (Figure J3).

Dallas Semiconductor produces user inser-
table nonvolatile RAM as an off-the-shelf
component ranging from a 1000 bit DS1201
Electronic Tag to a 4 million bit cartridge
(Table 1). Careful attention has been given
during the design of these products to make
them connect directly to microprocessor
systems (Figure 4). Being solid state, these
devices are rugged and suitable for harsh en-
vironments.

Figure 1

‘Mecra
et - £80

APPLICATION FIT
Figure 2

Exact
!

Marginal

Added Value

BENEFIT OF NONVOLATILE RAM
Figure 3

* Procedure learning

* Adaptive control

e Automatic firmware updates
* Real time data capture

ADDED BENEFITS OF USER
INSERTABLE MEMORY

¢ Improved application fit

¢ Eliminate costly service

e Simplified optioning

* Permits system to evolve

o After market sales
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THE NONVOLATILE READ/WRITE
CARTRIDGE

The DS1217 nonvolatile cartridge is a com-
pact, rugged, and portable memory presently
available in densities of 2Kx8, 8K x38,
16K x 8, 24K x 8, 32K x 8 64Kx8, and 128K x 8
(Figure 5).

Density is expected to increase to 4M bit,
512K x 8 before 1987. All of the future high
density cartridges will have the same
package dimensions and connector pinout
so that upgrades can be easily accom-
plished. Data is accessed randomly, one
byte at a time via a 15 bit address bus and an
8 bit data bus. Data can be written or read
from the cartridge in the same manner as
regular static RAM with a read/write cycle
time of 250 ns. Because the cartridge is non-
volatile, data is retained when the cartridge
is removed from a system. Data retention is
handled transparently inside the cartridge
via an intelligent controller chip which safe-
guards data and directs an internal lithium
energy source to memories when power is
lost. Data is protected from inadvertent loss
by preventing memory cycles when the exter-
nal supply voltage is less than 4.5 volts. Data
retention is accomplished by selecting the
greater of two voltages, i.e., either the exter-
nal supply (Vcg) or the internal lithium
energy source. A switch is also provided on
the cartridge which unconditionally protects
data. When the write protection switch is
turned on, the cartridge becomes read only
and all write cycles to RAM are ignored.

The lithium energy source used is the ex-
tremely stable electrochemical system lith-
ium polycarbon monofluoride. This energy
system has the capacity and shelf life
needed to retain data for well over ten years
in the absence of external power. The lithium
energy source has raised concern about reli-
ability and has been the subject of much
study'. Data taken on the energy source
used in the DS1217 indicates a failure rate
less than 0.5% per three million device
hours at 25°C. ’

The edge connectorkon the cartridge has
been arranged to meet the JEDEC Standard

Bytewide 28-Pin Dip Socket; making it compa-
tible with existing designs. The cartridge can
be plugged into a 28-pin socket via a ribbon
cable with a 30-position edge connector on
one end and a 28-pin plug on the other (Figure
6). This ribbon cable can be purchased direct-
ly from AMP or from Dallas Semiconductor
(DS9000). The AMP Part Number is 494940-1.
The ribbon cable can be used to retrofit
existing systems which use the bytewide
socket adding nonvolatility, portability, and
density upgrade.

DIRECT CONNECTION

Figure 4
8051
P DS1201
TAG
ck ¥
1o RESET
DiQ
DS1217
Cartridge
— L 1|
80 TR WE_} N\
MP RD OE
MREG CE
< DQO-DQ7
< AQ-A14
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USER INSERTABLE MEMORY Table 1

TAGS

Part Number DS1201 DS1205

Density (Bits) 1024 4096

Interface Serial Serial

Data Retention| 10 Years | 10 Years

Availability Now Future

Connection 5 Pin SIP | 5 Pin SIP

CARTRIDGES
Part Number Ds1162'27l ns6142':7l D?;%:(ﬂ D.:.;%:(w
Density (Bits) 16K 64K 128K 196K
Interface Bytewide | Bytewide | Bytewide | Bytewide
Data Retention| 10 Years | 10 Years | 10 Years | 10 Years
Availability Now Now Now Now
Connection oi(r)dpe%ic';e Cord Bt ci?dpe%sge ci?dpé’cfge
Part Number 0215%:(-" Dsi‘;"‘;;ﬂ Ds:llf;ﬂ 0313‘1"
Density (Bits) 256K 512K iM 4M
Interface Bytewide | Bytewide | Bytewide | Bytewide
Data Retention| 10 Years | 10 Years | 10 Years | 10 Years
Availability Now Now Now Now
Connection oi?dpé’cfge Csa(r)dpgge cgé?dPE%sée ci?apé’fge
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NONVOLATILE READ/WRITE CARTRIDGE — DS1217 Figure 5

Manual Write
1] Protection
OFF-ON
n 050" n
- 4 e P -
1 W KEY Two T
1 " H

l‘_ 14 EQUAL SPACES AT ———i
100 + 005 TNA

CARTRIDGE CONNECTIONS Figure 6

I/I/I/I/I/l/l/ll// 2 |
—— ]

Card Edge
Connector

Ribbon Cable
(DS9000)
DIP Adaptor
JEDEC
! Bytewide
Socket
l | L

P.C. Board—{

]
Right Angle
or Straight
—— 30 Pin Card Edge
Connector

Iy
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Every precaution has been taken with the
design of the cartridge to protect data in-
tegrity while handling. The case is made of
durable impact resistant plastic capable of
sustaining a three foot drop test on a con-
crete surface. The casing is designed to pro-
tect the internal electronics from dust,
shock, and other elements of an adverse en-
vironment. The cartridge will operate over a
wide temperature range of 0°C to +70° C
and permit storage with data retention from
—40° C to +70° C. Relative humidity can
vary between 0 and 95% provided there is no
condensation. The mating connector is plated
with 50 u inches of gold over 150 u inches of
nickel. When the proper mating receptacie
(AMP Part Number 494940-1) is used, over
3000 insertions and withdraw cycles can oc-
cur without electrical degradation. All signal
lines are recessed and the ground connec-
tion is extended on the mating connector to
prevent electrostatic damage to internal
components. The recessed signal paths and
extended ground have the added advantage
of enhancing data integrity when the car-
tridge is inserted and withdrawn while power
is applied because the possibility of charge
injection into the memory is eliminated. To
further prevent garbled data while “hot plug-
ging” the cartridge, two offset keys are pro-
vided. When both keys are used in the mat-
ing receptacle, data integrity is virtually
assured.

OPERATION

READ MODE

The DS1217 is executmg a read cycle when-
ever WE (write enable) is inactive (high) and
CE (cartridge enable) is active (low) (Figure
7). The unique address specified by the 15
address inputs (A0-A14) defines which of the
32,768 bytes of data is to be accessed. Valid
data will be available to the eight date 1/0
pins within tACcC (access time) after the last
address input signal is stable, providing that
CE (cartridge enable) and OE (output enable)
access times are also satified. If OE and CE
times are not satisfied, then data access
must be measured from the latter occurring
signal (CE or OE)_nd the limiting parameter
is either tgo for CE or tQE for OE rather than
address access. Read cycles can only occur
when Vgc is greater than or equal to 4.5
voits. When Vgg is less than 4.5 volts, the
memory is inhibited and all accesses are
ignored.

WRITE MODE

The_DS1217_is in the write mode whenever
the WE and CE signals are in the active (low)
state after address inputs are stable (Figure
8). The latter occurring falling edge of CE or
WE will determine the start of the write cy-
cle. The write cycle is terminated by the
earlier rising edge of CE or WE. All address
inputs must be kept valid throughout the

READ CYCLE Figure 7
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write cycle. WE must return to the high state
for a minimum recovery time (twR)_before
another cycle can be initiated. The OE con-
trol signal should be kept inactive (high) dur-
ing write cycles to avoid bus contention.
However, if the output bus has been enabled

WRITE CYCLE Figure 8

(CE and OE active) then WE will disable the
outputs in towp from its falling edge. Write
cycles can only occur when Vgg is greater
than 4.5 volts. When Vgg is less than 4.5
volts, the memory is write protected.
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DATA IN STABLE

DATA RETENTION MODE

The nonvolatile cartridge provides full func-
tional capability for Voc greater than 4.5
volts and guarantees write protection for
Ve less than 4.5 volts (Figure 9). Data is
maintained in the absence of Vgc without
any additional support circuitry. The DS1217
constantly monitors Vgc. Should the supply
voltage decay, the RAM is automatically write
protected below 4.5 volts. As V¢ falls below
approximately 3.0 volts, the power switching
circuit connects a lithium energy source to
RAM. To retain data during power up, when
Vo rises above approximately 3.0 volts, the
power switching circuit connects the exter-
nal Vcc to the RAM and disconnects the
lithium energy source. Normal RAM opera-
tion can resume after VoG exceeds 4.5 volts.

The DS1217 checks battery status to warn of
potential data loss. Each time that Vcc
power is restored to the cartridge the battery
voltage is checked with a precision compar-
ator. If the battery supply is less than 2.0
volts, the second memory cycle is inhibited.
Battery status: can, therefore, be determined
by performing a read cycle after power up to

ViL viL .

any location in memory, recording that mem-
ory location content. A subsequent write cycle
can then be executed to the same memaqry
location, altering the data. If the next read
cycle fails to verify the written data, the con-
tents of the memory are questionable.

In many applications, data integrity is para-
mount. The cartridge provides battery redun-
dancy. The DS1217 provides an internal isola-
tion switch which provides for the connection
of two batteries. During battery back-up time
the battery with the highest voltage is se-
lected for use. If one battery fails, the other
will automatically take over. The switch be-
tween batteries is transparent to the user. A
battery status warning will occur if both bat-
teries are less than 2.0 volts.

OPTIONAL SECURITY FEATURE

Cartridges can be used to add features to a
system and as such are often sold as value
added extras. In these applications protec-
tion of software and guarding sensitive data
is often important in avoiding competition.
To date the problem of maintaining after
market sales has been solved by special
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POWER-DOWN/POWER-UP CONDITION Figure 9
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molded cases and connectors which are
unique to each equipment manufacturer.
These barriers are relatively easy to over-
come by competitors. In contrast, Dallas
Semiconductor provides standardized cases
and connectors but employs laser technol-
ogy to make silicon unique. This presents a
far more formidable barrier to potential after
market competitors and also reduces cost.
Dallas Semiconductor cartridges have
added security circuitry which makes it
usable for only one manufacturer’s specific
application while maintaining the same form
factor and connector system. When acti-
vated by Dallas Semiconductor, the security
option prevents unauthorized access. A se-
quence of events must occur to gain access
to the cartridge (Figure 10). A 64 bit access
code must be consecutively written to the
cartridge. Actual RAM locations are not writ-
ten as the security option is intercepting the
data rate until access is granted. Following
the 64 write cycles a comparison is made to
a 64 bit pattern uniquely defined by the user
and programmed into the DS1217 by Dallas
Semiconductor at the time of manufacture.
This pattern can only be interrogated by an
intelligent controller within the cartridge and
cannot be read by the user. When a correct
match is found, the next part of the security

sequence begins by reading a 64 bit read
only register. This register consists of 64
bits also defined by the user and pro-
grammed into the DS1217 by Dallas Semi-
conductor at the time of manufacture. For
each of the 64 read cycles, one bit of the user
defined read only register is available. This
phase also requires that the 64 read cycles
be consecutive. The data being read from the
read only register may be used by software
to determine if the cartridge will be per-
mitted to be used with that particular sys-
tem. After the 64 read cycles the cartridge is
unlocked and all subsequent memory cycles
will become actual memory accesses based
on address inputs. This procedure prevents
second party encroachment.

The security feature can also be used for
bank switching in and out multiple cartridge
in the same memory address space. Entrance
to the desired cartridge would take place ex-
actly as described above. Since each car-
tridge can have a different security code, only
the one with the exact pattern match would
allow access. To change from one cartridge
to another, the reset line must be driven low
long enough to exit from the active cartridge.
A different cartridge could then be entered by
matching the security code.




SECURITY SEQUENCE Figure 10
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THE ELECTRONIC TAG

The DS1201 is a miniature nonvolatile read/
write memory system. The Tag is organized
as a 128 x 8 memory. However, data is ac-
cessed in a serial manner to reduce pin
count, and to simplify interface require-
ments while enhancing the reliability of con-
nection. In fact, the Tag can be carried in
your pocket, dropped in the water, and even
stepped on, and still retain data. Low pin
count combined with a special mechanical
form factor has been used to make the
device compact, rugged, and user insertable.

The Tag is permanently powered by a lithium
polycarbon monofluoride energy cell which
retains data in the absence of power. This
energy cell is the same type as that used in
the cartridge differing only in size and ener-
gy capacity. When connected in a system,
power can be supplied via the reset signal or
the Vg pin. Reset current of only 2 mA sup-
plies all the energy needed by the Tag. Reset
is also used to initialize and terminate all
communications with the Tag. ‘

The Tag is designed to be plugged into a
standard 5 pin 0.1 inch center SIP receptacle
(Figure 11). A key is provided to prevent the
Tag from being plugged in backward (Figure
12). Contact to the Tag can be determined to
insure connection integrity before data
transfer begins. Clock, RESET, and data
INPUT/OUTPUT all have 25K Ohm pull down
resistor to ground which can be sensed by a
reading device. While the Tag is designed to
be a user insertable device it is not limited to
those applications. The Tag can be used in-
side a system using the same 5 pin SIP strip
and become a permanent 1K nonvolatile
memory.

OPERATION

The block diagram (Figure 13) of the Elec-
tronic Tag illustrates the main elements of
the device: namely, shift register, control
logic, nonvolatile RAM, and power switch. To
initiate a memory cycle RESET is taken high
and 24 bits are loaded into the shift register
providing both address and command infor-
mation. Each bit is serial input on the rising

-596



TAG CONNECTIONS Figure 11
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edge of the CLOCK input. Seven address
bits specify one of 128 RAM locations. The
remaining command bits specify read/write
and byte/burst mode. After the first 24
CLOCKS which load the shift register addi-
tional CLOCKS will output data for a read, or
input data for a write. The number of CLOCK
pulses equals 24 plus 8 for byte mode or 24
plus 1024 for burst mode.

APPLICATIONS

The portable computer is an example of
many applications which can take advan-
tage of user insertable nonvolatile memory.
The portable computer approaches the
power and capability of a desk top personal
computer with the notable exception of
mass data storage. The most popular type of
mass data storage is the floppy disk. Floppy
disks are dense and miniature, but suffer
from two drawbacks. First, floppy disks are
fragile, making their use prohibitive in many
applications. Second, the mechanism to
read and write the media is expensive and
consumes power. Since portable computers
are battery powered, use of floppy disk drive
is prohibitive. To compensate, portable com-
puter manufacturers developed software
cartridges which are used in place of disk
drives. For the most part, cartridges used
with portable computers are read only and
contain program information. This limitation
prevents movement of user data beyond the
portable computer. A better approach is the
use of a nonvolatile read/write cartridge
which could provide both program storage
and data storage. The nonvolatile read/write
cartridge also avoids problems of different
disk sizes and formats.

Both the Tag and the cartridge are well
suited for a range of applications. For exam-
ple, a Tag could be used as a production
traveler containing information such as lot
number, inspector’s identification, and
quality control steps. An application in the
pharmaceutical industry uses the Tag to keep
track of chemical concentrations in liquids.
The variables are stored in the Tag and used
to precisely control formulation when mix-
tures are produced. The machine tool indus-
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ELECTRONIC TAG BLOCK DIAGRAM Figure 13
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try could use the cartridge to quickly set up
operations instead of involved manual entry
procedures. The rugged and durable car-
tridge package is also ideal for the industrial
automation environment. The cartridge can
store programs for process control in a fac-

tory. Because of the ease in which data can

be changed, process parameters could be
altered and tracked automatically.

Louis J. Hart and Theodore Ciobanu,
“Lithium Batteries for Memory Backup—An
Evaluation Program at IBM,” published in
Batteries Today, Summer 1984 issue.
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SMARTSOCKET-SMARTWATCH

The production rate of CMOS static RAM has
become staggering. Millions of units are used
each year in systems that require the ideal
characteristics and low cost attributed to
CMOS static RAM. Now its one drawback, vol-
atility, can be overcome by mating a standard
CMOS static RAM with a DS1213 SmartSocket
(Figure 1). Contained in the SmartSocket is in-
telligent control circuitry and a back-up lithium
energy source to permanently power the
mated RAM, thereby providing data retention
in the absence of power. In this way the same
high volume production efficiency which has
made static RAM so economical can be used
to make a nonvolatile RAM. Furthermore the
SmartSocket accepts either 2K x 8 8K x 8
or 32Kx 8 devices making system design
extremely flexible.

The SmartSocket conforms to the JEDEC
Bytewide standard for dual in line memory
(Figure 2). The identical footprint allows exist-
ing sockets to be replaced with SmartSockets
thus giving a system the advantage of non-
volatile RAM without redesign. Its physical
size is the same as conventional sockets ex-
cept for an additional height of 0.2 inches
needed for mechanical considerations.

Figure 1

BYTEWIDE JEDEC PINOUT Figure 2
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SMARTSOCKET OPERATION

The heart of the DS1213 SmartSocket is the
intelligent control circuit designed by Dallas
Semiconductor to perform five circuit func-
tions required to battery back-up a CMOS
memory (Figure 3). First, a switch is provided
to direct power from the battery or Vg sup-
ply, depending on which is greater. This
switch has a voltage drop of less than 0.2
volts. The second function which the Smart-
Socket provides is power fail detection.
Power fail detection occurs between 4.75
and 4.5 volts. The DS1213 constantly moni-
tors the Vg supply. When Vg falls below
4.75 volts, a precision comparator detects
the condition and inhibits the RAM chip en-
able (Figure 4). The third function accom-
plishes write protection by holding the chip
enable signal to the memory to within 0.2
voits of Vgg or battery supply. If the chip
enable signal is active at the time power fail
detection occurs, write protection is delayed
until after the memory cycle is complete to
avoid corruption of data. During nominal
power supply conditions the memory chip
enable signal will be passed through to the
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SIMPLIFIED BLOCK DIAGRAM OF THE DS1213 CONTROLLER CHIP Figure 3
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socket receptacle with a maximum propaga-
tion delay of 20 ns. The fourth function the
DS1213 performs is to check battery status
to warn of potential data loss. Each time
that Vcc power is restored to the Smart-
Socket the battery voltage is checked with a
precision comparator. If the battery supply is
less than 2.0 volts, the second memory cycle
is inhibited. Battery status can, therefore, be
determined by performing a read cycle after
power up to any location in the memory, re-
cording that memory location content. A
subsequent write cycle can then be exe-
cuted to the same memory location,altering
the data. If the next read cycle fails to verify
the written data, the contents of the memory
are questionable. The fifth function which
the SmartSocket provides is battery redun-
dancy. In many applications, data integrity is
paramount. In these applications it is desir-
able to use two batteries to insure reliability.
The DS1213 SmartSocket provides an inter-
nal isolation switch which provides for the
connection of two batteries. During battery

back up time the battery with the highest
voltage is selected for use. If one battery
fails, the other will automatically take over.
The switch between batteries is transparent
to the user. A battery status warning will oc-
cur if both batteries are less than 2.0 volis.

ENERGY SOURCE

The energy source within the SmartSocket is
an extremely stable electrochemical system
made up of a lithium anode and polycarbon
monofluoride cathode. This energy system
has the capacity and shelf life needed to re-
tain data for well over 10 years in the ab-
sence of external power when mated with an
appropriate CMOS static RAM (Table 1).

The lithium energy source has raised con-
cern about reliability and has been the ob-
ject of much study'. Data taken on the
energy source used in the SmartSocket in-
dicates a failure rate less than 0.5% per
three million device hours at 70°C.
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TIMING DIAGRAM — POWER DOWN  Figure 4
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Table |

e Acceptable RAM Choices*
2K x 8 8Kx8 32Kx 8
Toshiba TC5517 TC5564

NEC uPD446  uPD4464

OKI MSM5128

Fujitsu  MB8416

Sharp LH5164

Sony CXK58255P

*10 Years Data Retention in
the Absence of Power

ADDING A TIME FUNCTION

A similar second device called the DS1216
SmartWatch retains the nonvolatile RAM ca-
pability of the SmartSocket and adds a calen-
dar time function. The SmartWatch maintains
time information including hundredths of
seconds, seconds, minutes, hours, day, date,
month and year. The date at the end of the
month is automatically adjusted for months
with less than 31 days, inciuding correction
for leap year. Hours of the day can be tracked
in both the 12 and 24 hour format.

The value of adding a clock function to the
SmartSocket lies in the amortization of the
energy source with additional space saving
benefits. The DS1216 SmartWatch includes
the quartz crystal and circuits needed for
time keeping within the same package as the
SmartSocket while remaining compatible
with the JEDEC Bytewide memory pinout.

OPERATION

Communication with the SmartWatch is
established by pattern recognition on a
serial bit stream of 64 bits which must be
matched by executing 64 consecutive write
cycles containing the proper data on DQO.
All accesses which occur prior to recogni-
tion of the 64 bit pattern are directed to
memory.

After recognition is established, the next 64
read or write cycles either extract or update
data in the SmartWatch; memory access is
inhibited.

Data transfer to and from the timekeeping
function is accomplished with a serial_bit
stream under control of chip enable @_E),
output enable (OE), and write enable (WE).
Initially, a read cycle to any memory location
using the CE and OE control of the Smart-
Watch starts the pattern recognition se-
quence by moving a pointer to the first bit of
the 64 bit comparison register. Next 64 con-
secutive write cycles are executed using the
CE and WE control of the SmartWatch. These
64 write cycles are used only to gain access
to the SmartWatch, therefore, any address to
the memory in the socket is acceptable. How-
ever, the write cycles generated to gain ac-
cess to the SmartWatch are also writing data
to a location in the mated RAM. The preferred
way to manage this requirement is to set
aside just one address location in RAM as a
SmartWatch scratch pad. When the first write
cycle is executed, it is compared to bit 1 of
the 64 bit comparison register. If a match is
found, the pointer increments to the next lo-
cation of the comparison register and awaits
the next write cycle. If a match is not found,
the pointer does not advance and all subse-
quent write cycles are ignored. If a read cy-
cle occurs at any time during pattern recog-
nition, the present sequence is aborted and
the comparison register pointer is reset. Pat-
tern recognition continues for a total of 64
write cycles as described above until all the
bits in the comparison register have been
matched (this bit pattern is shown in Figure
5). With a correct match for 64 bits, the
SmartWatch is enabled and data transfer to
or from the timekeeping registers may pro-
ceed. The next 64 cycles will cause the
SmartWatch to either receive or transmit
data on DQO, depending on the level of the
OE pin or the WE pin. Cycles to other loca-
tions outside the memory block can be inter-
leaved with CE cycles without interrupting
the pattern recognition sequence or data
transfer sequence to the SmartWatch.
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SMARTWATCH COMPARISON REGISTER DEFINITION Figure 5

7 0 HEX VALUE
1 1 0 0 0 1 0 1 C5
0 0 1 1 1 0 1 0 3A
1 0 1 0 0 0 1 1 A3
0 1 0 1 1 1 0 0 ‘—‘l 5C
1 1 0 0 0 1 0 1| cs
0 0 1 1 1 0 1 0 3A
| A3
1 0 1 0 0 0 1 1
0 1 0 1 1 1 0 0 5C

NOTE: The pattern recognition in hex is C5, 3A, A3, 5C, C5, 3A, A3, 5C. The odds of this pat-
tern being accidentally duplicated and causing inadvertent entry to the SmartWatch

is less than 1in 10'°.

SMARTWATCH REGISTER INFORMATION

The SmartWatch information is contained in
8 registers of 8 bits each which are sequen-
tially accessed one bit at a time after the 64
bit pattern recognition sequence has been

completed. When updating the SmartWatch.

registers, each must be handled in groups of
8 bits. Writing and reading individual bits
within a register could produce erroneous re-
sults. These read/write registers are defined
in Figure 6.

Data contained in the SmartWatch registers
are in binary coded decimal format (BCD).

Reading and writing the registers is always
accomplished by stepping through all 8 reg-
isters, starting with bit 0 of register 0 and
ending with bit 7 of register 7.

AM-PMI/12/24 MODE

Bit 7 of the hours register is defined as the 12
or 24 hour mode select bit. When high, the 12
hour mode is selected. In the 12 hour mode,
bit 5 is the AM/PM bit with logic high being
PM. In the 24 hour mode, bit 5 is the second
10 hour bit (20-23 hours).
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OSCILLATOR AND RESET BITS

Bits 4 and 5 of the day register are used to
control the reset and oscillator function. Bit 4
controls the reset (pin 1). When the reset bit is
set to logical 1, the reset input pin is ignored.
When the reset bit is set to logical 0, a low in-
put on the reset pin will cause the SmartWatch
to abort data transfer without changing data
in the watch registers. Bit 5 controls the
oscillator. This bit is shipped from Dallas
Semiconductor set to logical 1, which turns
the oscillator off. When set to logical 0, the
oscillator turns on and the watch becomes
operational.

ZERO BITS

Registers 1, 2, 3, 4, 5, and 6 contain one or
more bits which always read logical 0. When
writing these locations, either a logical 1 or 0
is acceptable.

HARDWARE RETROFIT

The method by which the time function of
the SmartWatch is accessed allows forretro-
fitting existing designs which use a 28 pin
bytewide socket. The hardware design is left
intact, and only a software change is re-
quired to add a calendar feature to previous-
ly designed systems. Moreover, most sys-

SMARTWATCH REGISTER DEFINITION Figure 6

REGISTER 7 0 RANGE (BCD)

0 l— 0.1 SEC 0.01 SEC ——— 0099
7 0

1 [- 0 10 SEC SECONDS 00-59
7 0

2 10 MIN MINUTES 00-59

! ' 0 01-12

3 12724 0 |19 HR HOUR 00-23
0

4 — o0 |0 |0OSC |RESET| 0 DAY 01-07
7 0

5 — 0 10 DATE DATE ‘ 01-31
7 0

6 1 0|00 |moNrH MONTH - 01-12
7 0

7 10 YEAR YEAR 00-99
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tems only require time information on power
up since time is kept track of by the operat-
ing system while power is applied. In these
applications, the software overhead is re-
duced to an algorithm which is executed only
when the machine is turned on.

SOFTWARE

The software needed to cause entry and up-
date for the SmartWatch consists of three
subroutines (Table 2). The first, called
“PATTREC,” will wake up the SmartWatch
and get it ready for reading and writing. After
pattern recognition has been established
one of two subroutines is used to either ex-
tract information or update the SmartWatch.
The “WRWATCH” routine will write the 8
watch registers of the SmartWatch. The
“RDWATCH” will extract information from
the SmartWatch. The example shown in Table
2 is written in 8086 assembly language.

The SmartSocket replaces as many as a doz-
en discrete components needed to implement

SMARTSOCKET Figure 7

battery backup for a static RAM (Figure 7). .
Furthermore, the special control circuit tech-
niques employed in the SmartSocket do not
have the drawbacks of the earlier discrete
component approach saving printed circuit
board area and reducing current consump-
tion from the battery. Manufacturing proce-
dures are simplified by not having to deal with
special handling procedures needed to avoid
discharging the battery. Reliability is aiso
greatly improved by eliminating battery
clips. The SmartWatch goes further by add-
ing a time function without increasing space
requirements. Often an entire printed circuit
board is used to provide this function.

'Louis J. Hart and Theodore Ciobanu,
“Lithium Batteries for Memory Backup—An
Evaluation Program at IBM,” published in
Batteries Today, Summer 1984 issue.
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SMARTWATCH SOFTWARE Table 2

SWATCH
SCRATCH
SWATCH
CSEG
PAT

DTA
PATREC

PR1:
PR2:

PATREC
WRWATCH

WW1:

WWa2:

WRWATCH .

SET SSSS TO THE SEGMENT OF MEMORY WHERE
THE SMARTWATCH WILL BE ACCESSED

SEGMENT AT SSSS

SET 0000 TO THE OFFSET OF THE SCRATCH MEMORY
BYTE USED TO COMMUNICATE WITH THE SMARTWATCH

EQU 0000
ENDS

SEGMENT PARA PUBLIC ‘CODFE’
ASSUME CS:CSEG,DS:CSEG

DB 0C5H,03AH,0A3H,05CH,0C5H,03AH,0A3H,05CH
DB 0,0,0,0,0,0,0,0

PROC  NEAR

PUSH  ES :SAVE ES

MOV AX,SEG SWATCH :SET ES TO

MOV ES,AX : SEGMENT OF SCRATCH
MOV CX,64 :DO 64 BITS

MOV SI,OFFSET PAT :SET INDEX TO PATTERN RECOGNITION
MOV DI,OFFSET SCRATCH

TEST CX,7 :LOAD NEXT BYTE?

INZ PR2 :NO!

LODSB :GET NEXT PATTERN BYTE
MOV ES:[DI],AL ;WRITE DO

SHR AL, :PREPARE NEXT DATA BIT
LOOP  PR1 :LOOP BACK

POP ES :RESTORE ES

RET :RETURN

ENDP

PROC  NEAR

PUSH ES :SAVE ES

MOV AX,SEG SWATCH :SET ES TO

MOV ES,AX  ; SEGMENT OF SCRATCH

MOV CX,64  :DO 64 BITS

MOV SI,0FFSET DTA :SET INDEX TO DATA
MOV DI, OFFSET SCRATCH

TEST CX,7 :GET NEXT BYTE?

INZ WWw2 :NO!

LODSB :GET DATA BYTE

MOV ES:[DI],AL :WRITE DO

SHR AL, :PREPARE NEXT DATA BIT
LOOP  WW1 :LOOP BACK

POP ES :RESTORE ES

RET :RETURN

ENDP




RDWATCH

RW1:

RW2:
RDWATCH
CSEG

PROC
PUSH
MOV
MOV
MOV
MOV
MOV
JCXZ
MOV
SHR
DEC
TEST
INZ
STOSB
JMP
POP
RET
ENDP

ENDS
END

NEAR

DS

AX,SEG SWATCH
DS,AX

CX,64
SI,OFFSET SCRATCH
DI,OFFSET DTA
RW2

AH,[SI]

AX,1

CX

CX,7

RW1

RwWA1
DS

;SAVE DS
;SET DS TO
; SEGMENT OF SCRATCH

;DO 64 BITS

;SET INDEX TO DATA
;DONE?

;READ DO

;PREPARE NEXT DATA BIT
;UPDATE COUNTER

;SAVE NEXT BYTE?

;NO!

;SAVE DATA BYTE

;RESTORE DS
;RETURN
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SMARTSOCKET/SMARTWATCH
OPTIONS

The DS1213 SmartSocket and DS1216
SmartWatch product families are designed to
accept several user modifications. Please
review the DS1213 and DS1216 data sheets
for normal operation before modification.

DS1213 SMARTSOCKET OPTIONS
(Reference Figure 1)

Option 1: Power Supply Tolerance
The standard DS1213 socket prod-
ucts are manufactured such that
power fail detection occurs between
4.75 volts and 4.50 volts, giving a 5%
supply operating range. This range
can be changedto a 10% supply with
power fail detection occuring be-
tween 4.50 volts and 4.25 volts.
Follow the procedure below:

*cut metal trace labeled “TOL”
*short together metal tabs labeled “T”

Option 2: Density Upgrade

This option applies to the DS1213
and DS1213D SmartSockets only.
The DS1213 can be upgraded from
8K x 8 to 32K x 8 memory and the
DS1213D can be upgraded from
128K x 8 to 512K x 8 memory by
performing the following:

*cut metal traces identified by a hash mark
labeled “U”
*shorttogether square metal pads labeled “G”

DS1216 SMARTWATCH OPTIONS
(Reference Figure 2)

Option 1: RESET Disconnect

All DS1216 SmartWatch sockets are
manufactured such that the RST
signal to the Real Time Clock is
located at pin 1 of the socket. If for
a given application the RESET signal
is not required, or not desired, this
signal can be permanantly discon-
nected as follows:

*cut metal trace labeled “RES”

Option 2: Density Upgrade

This option applies to the DS1216
and DS1216D SmartWatch sockets
only. As with the DS1213 and
DS1213D, the DS1216 and
DS1216D can be upgraded from 8K x
8 to 32K x 8 memory and 128K x 8 to
512K x 8 respectively as follows:

*cut metal traces identified by a hash mark
labeled “U”
*short together square metal pads labeled “*G”
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Figure 1: DS1213 SMART SOCKET FAMILY

00 F““O”O’:@jb_ﬂ_fﬁ

Pin 1

06000 5(6@:“6;6
q‘u !H T,-_: : °m

0000000000

Pin1

—E" B
”?TT‘E : om |
000

DS1213

DS1213C

DS1213D

610



Figure 2: DS1216 SMART WATCH FAMILY
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INTEGRATED BATTERY BACKUP

A CMOS chip set protects critical information
in microprocessor-based systems during
power loss. Called Integrated Battery Backup,
the product provides for the orderly shutdown
and automatic restart of processor-based
systems. It is, in essence, a micro-level
uninterruptable power supply. Particularly
useful in industrial automation applications,
Integrated Battery Backup allows a system
to restart a task where it stopped as if power
disruption had not occurred. By saving the
data, the system picks up where it left off,
thus avoiding wasted efforts and the incon-
venience of re-booting.

Integrated Battery Backup is a modular chip
set that can be used in its entirety or as in-
dividual components according to need. The
DS1231 Power Monitor warns a processor of
an impending power failure before it happens,
providing time for critical data to be stored in
nonvolatile memory before system power is
lost. The Nonvolatile Controlier/Decoder
(DS1210, DS1211, DS1212, DS1221) safe-
guards against RAM data loss during power
up and down transients. It automatically
switches to battery when power failure oc-
curs and consumes a minute battery current
of less than 100 nA. The DS1260 SmartBattery
supplies uninterruptable power in the ab-
sence of Vg to maintain data in nonvolatile
memory for more than 10 years. A supple-
mental function of software controlled write
inhibit can be provided by the DS1234 or
DS1222. The DS1215 TimeChip adds the
capability of time stamping and dating
events.

System designers can use these low-cost
chips to protect critical system data and
avert the chaos that accompanies unfore-
seeable power failures.

PROPER BATTERY BACKUP
METHODOLOGY

A battery backup scheme which will flawless-
ly retain data requires a two-part strategy.
The first part involves memory itself. For a
memory to retain data in the absence of

power, it must have a backup energy source,
a switch to direct power from the main sup-
ply or the backup supply, and detection of
power failure so that the memory can be
write-protected during power transients. The
second part of a battery backup strategy in-
volves control of the microprocessor. The
processor should be warned in advance of
impending power loss so that last minute
housekeeping chores can be orchestrated.
As a minimum, enough warning should be"
provided for an orderly shutdown before
power goes out of tolerance. The amount of
advance warning required is a function of
application. The earliest warning can be
given by sensing power supply conditions on
the A.C. power line or on the filter capacitor
energy reservoir upstream of the regulator.
This type of power sensing allows the pro-
cessor to take advantage of hold up time,
which is usually several milliseconds for
linear supplies and tens of milliseconds for
switching supplies. A power fail signal
generated from the power sensing device
can be used to interrupt the processor for a
software-controlled shutdown routine. After
the routine is executed, the processor then
enters a wait state before Vg (+ 5 volts) be-
comes abnormal. When Vgg actually goes
out of tolerance, the processor is forced into
a reset mode which will drive all control
signals to an inactive level and put the data
and address bus to a high impedance state.
Processor reset prevents further activity from
occurring which could disturb nonvolatile
memory. Reset circuitry must be designed to
clamp reset in the active state until power is
restored to an in-tolerance condition and the
processor’s internal clocks have stabilized.
A stabilization period of tens of milliseconds
is required. The DS1231 Power Monitor has a
built-in timer to meet this requirement.

NONVOLATILE MEMORY CONTROLLER

Converting static CMOS RAM into nonvola-
tile memories has often been accomplished
by a number of power-consuming discrete
circuits. Dallas Semiconductor’s nonvolatile
controllers support from one to sixteen
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NONVOLATILE CONTROLLERS CAN TRANSFORM FROM ONE TO SIXTEEN CMOS STATIC
RAMS INTO NONVOLATILE MEMORIES Figure 1
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CONDITIONAL NONVOLATILE CONTROLLER INHIBITS WRITES AND DISCONNECTS

BATTERY VIA SOFTWARE Figure 2
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memories. These controllers consume insig-
nificant battery current and perform all the
circuit functions required to battery backup
static RAMs, including power switching,
power fail detection, write protection, decod-
ing, and optional battery redundancy. The
diagrams in Figure 1 illustrate the typical
hook-up between the nonvolatile controllers
and memory. Each diagram shows redundant
batteries. If only one battery is sufficient, the
other battery pin must be grounded. The
DS1210, DS1211, and DS1212 have a toler-
ance pin which selects either 5% or 10%
write protection points on the 5-volt supply.
With the tolerance pin grounded (as shown)
power fail detection occurs between 4.75
volts and 4.5 volts. Power fail detection
forces the chip enable outputs to memory to
a high level, thereby providing write protec-
tion. The DS1221 does not have a tolerance
pin and power fail detection is fixed to occur
between 4.5 volts and 4.25 volts. The DS1221
has a security mode that can be used by
special order from Dallas Semiconductor.
When this rhode is not employed, pins WE,
RD, D/Q, and RST must be grounded.

CONDITIONAL NONVOLATILE MEMORY
CONTROLLER

Some applications require a memory which
is only written to under special conditions.
The DS1234 offers an additional level of
write protection for these applications by
providing two software-controlled switches
(see Figure 2). One switch will inhibit the
writes by forcing WEO high regardless of the
write enable input WEI. The second switch is
used to disconnect the battery, making the
connected memory volatile. The switches
are set by pattern recognition on address in-
puts AO through A3. Pattern recognition is
accomplished by presenting 16 consecutive
patterns of 4 bits each on the address inputs
which are strobed into the device with the
chip enable signal. When the switches are
set for nonvolatile operation, the DS1234
write protects connected memory via the
chip enable signal by forcing the chip enable
output signal (CEO) to a high level when Voo
is out of tolerance. Read-only operation is
accomplished by restricting WEO to a high
level. The switch settings can be changed at
any time as long as Vg is within tolerance.
The switches are nonvolatile as long as bat-
tery power is present.
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THE SMARTBATTERY

A critical element in a battery-backed-up
memory system is the battery itself. Batteries
had been considered unreliable and a mainte-
nance problem. Additional problems with bat-
tery handling and mounting have also been
cited as major barriers to use. This is no
longer true. Dallas Semiconductor’s DS1260
SmartBattery supplies 1 amp hour of lithium
energy at 3 volts and has a shelf life of more
than ten years. Using the proper compo-
nents and design techniques, this device
can be installed in a system to last the
useful life of the system. However, the de-
vice is designed to be replaceable if dis-
charge rates are so high as to deplete the
energy before the system is obsolete. For
convenience it has been designed to plug
into a standard 16-pin DIP socket. In addition
to sourcing energy the SmartBattery incor-
porates a semiconductor IC to solve system
problems associated with battery backup
(Figure 3). The SmartBattery automatically
switches power as required. Up to 250 mA of
Vcc power can be routed through and 5 mA

can be sourced from the battery when V¢ is
less than 3 volts. The power fail signal (PF) can
be used to write protect memory when Vcc
drops below 4.25 volts (typical). The battery fail
signal (BF) can be used to tell the processor if
battery is expended. This signal reports when
battery voltage is less than 2 volts.

A major concern is how to identify that a bat-
tery has full capacity, particularly when bat-

‘teries are subject to uncertain handling con--

‘ditions. The SmartBattery has an “electronic
seal” implemented with both chip technology
and special packaging to ensure absolute
freshness. The reset input (RST) causes the
battery supply to be disconnected from its
pins so that no discharge occurs during stor-
age, shipping and handling; therefore, bat-
tery life is maximized. Once reset, the Smart-
Battery is designed to remain in an off-state
and then automatically reactivated when
Vce (+ 5 volts) is applied. Subsequently, the
SmartBattery will become uninterruptable
even if the +5 volts is removed.

SMARTBATTERY MAINTAINS 64 8K x8 RAMS FOR >/8 YEARS WITHOUT V¢¢ Figure 3
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BANK SWITCHING EXTENDS NONVOLATILE MEMORY SPACE Figure 4

BANK SWITCHING

While bank switching is not involved in mak-
ing memory nonvolatile, it does extend the
processor’s address map for nonvolatile

memory. Figure 4 is an example of how the:

DS1222 and DS1212 connect together. The
application, as drawn, controls four banks of
32K x 8 nonvolatile RAM. The bank switch-
ing scheme is derived from pattern recogni-
tion on four address lines. The pattern is 16
bits deep, which also adds a level of security
to memory in addition to the bank switching
function.

THE POWER MONITOR

As mentioned earlier, proper battery backup
methodology is a two-part strategy that
must be followed in order to successfully ac-
complish reliable nonvolatile RAM operation.
So far, controlling memory has been dis-
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cussed. The second half of the strategy is
controlling the processor. The DS1231 Power
Monitor is a device designed to control the
processor through an orderly shutdown and
restart associated with power failure. An ad-
vanced warning by sensing power failure as
far back into the power suply as possible is
critical to an orderly shutdown. Figures 5, 6,
7 and 8 show alternate methods of sensing
power levels. Figures 5 and 8 show the Power
Monitor in the current mode. In this mode
the DS1231 is sourcing 30 vA to the opto-
isolators through the IN pin. Figures 6 and 7
show the DS1231 in the high impedance mode
where the IN pin is a high impedance input
to the voltage sense point. Methods of sens-
ing power which provide isolation are often
preferred for safety reasons. However, the
simple circuit of Figure 6 is adequate for
many systems. The IN pin on the DS1231 pro-
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D.C. VOLTAGE MONITOR WITH OPTO-ISOLATION Figure 5
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A.C. VOLTAGE MONITOR WITH TRANSFORMER ISOLATION Figure 7
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RESET CONTROL OF MICROPROCESSORS
Figure 9
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duces NMI as soon as power loss is detected.
NMI, nonmaskable interrupt, is normally the
highest level of interrupt in a system. Power
fail software routines must be executed be-
tween the time that NMI occurs and loss of
Vce. As Vi falls below the trip point which
is set by the tolerance pin, reset (RST and
RST) will go to the active state. The function
of placing a processor in reset stops all ac-
tivity. The DS1231 holds the RST and RST
signals active until + 5 volts is back to an in-
tolerance condition and a 250 ms minimum
has elapsed. The delay on power up allows
the processor to stabilize before executing
instructions.

Alternate methods of processor reset con-
trol are shown in Figures 9 and 10. Neither of

these circuits involves early warning. This is
acceptable in applications where a software
controlled shutdown is not required. The
RST and RST signals must still prevent the
processor from inadvertently writing mem-
ory on power up and power down. Either of
the circuits shown in Figures 9 and 10 can
control the processor. The implementation
using the DS1210 as a reset controller may
not be as cost effective as the DS1231 be-
cause of the external gate to correct the
level of CEO.

COMPLETE SYSTEM

The block diagram of Figure 11 shows a com-
plete nonvolatile memory system. The DS1231
provides for both software notification and
hardware control of the processor during
power down/up. The DS1212 is used as a de-
coder and nonvolatile controller for up to 16
memories. Finally the DS1260 SmartBattery
sources uninterruptable power for both the
DS1212 controller and the memories. A sys-
tem designed in this manner can be crash
proof and can retain data for the useful life
of the system. The block diagram of Figure
12 has all of the capability of the circuit just
described with two important additions.
First, time-of-day information has been
added, using a Dallas Semiconductor DS1215
TimeKeeper. Continuous power is supplied
to the DS1215 via the SmartBattery. The
DS1215 has the advantage of not requiring a
decoder. The watch feature is accessed trans-
parent to memory via software controlled pat-
tern recognition similar to that described
earlier for the DS1222 and DS1234. The circuit
implementation adds a time stamping and
dating capability at a very modest increase
in cost. The final addition to this circuit is
the DS1222 Bank Switch. The Bank Switch is
used to selectively inhibit writes to RAM
under software control. This is accomplished
by routing write command signals from the
processor through the DS1222. When the
DS1222 is first powered on, the write com-
mand to the RAMs is blocked preventing
data from being inadvertently changed. After
power up write commands can be passed
through at the discretion of software. The

621




INTEGRATED BATTERY BACKUP Figure 11
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commands can be enabled via pattern recog-
nition on four address lines using the write
strobe to gate this pattern into the DS1222.
The use of the DS1222 in this manner gives
an added level of write protection. A fully im-
plemented version of this circuit supports 16
nonvolatile memories partitioned in four
groups. Each group can be selectively write
protected with the DS1222 circuit.

CONCLUSION

Battery backed up memory applications are in-
creasing at a rapid pace. The principal reason
for growth is the benefit accrued to the system
when RAM can be made to remember. While

the need for battery backup has been increas-
ing, methodology and standard circuits to im-
plement designs have been inadequate. In
fact, many battery backup implementations
lack the thoroughness to reliability protect
data during power transients.

A solution to problems of battery backed up
memory design is embodied in a modular prod-
uct line from Dallas Semiconductor called
Integrated Battery Backup. This family of prod-
ucts includes the Nonvolatile Controller
(DS1210, DS1211, DS1212, DS1221, DS1234),
SmartBattery (DS1260), Power Monitor
(DS1231), Bank Switch (DS1222) and a Time-
Chip (DS1215).
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INTEGRATED BATTERY BACKUP SUPPLEMENTED WITH SOFTWARE WRITE PROTECT
AND TIMEKEEPING Figure 12
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Dallas Semiconductor
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ELECTRONIC DESIGN EXCLUSIVE

Security is a fact of business life. Informa-
tion and property must be protected from
fraud, theft, and misappropriation. Personal
computer software represents both these
kinds of items, and yet the multibillion-dollar
industry has virtually no protection.

Of the methods employed to protect software
from illegal copying, the most popular ones
use programming tricks. Unfortunately, those
methods also stop the legitimate user from
backing up valuable disks. To make matters
worse, programs have been developed to
defeat most software-based schemes for
copy protection.

A better solution lies in the marriage of soft-
ware and hardware. With such a merger in
mind, security takes the form of a special
key. The DS1204 system permits only legiti-
mately purchased software to be run, and it
does not unduly disturb the personal com-
puter user or prevent him or her from making
backups to hard disks (see Electronic De-
sign, September 5, 1985, p. 219). A package
about the size of a postage stamp, which
contains an IC and a lithium energy source,
stores identification and an unrevealable
- code word that protects a secure, nonvolatile
read/write memory. Upon installation of the
DS1250, a simple key ring that consists of a
five-contact key receptacle connected through
a cable to an intermediate socket, the key
ring and key lock-out precoded software
from all but rightful keyholders.

The byte wide key ring implementation begins
with a system board that contains a 28-pin
socket with or without a resident ROM. (In all
personal computers, there is at least one
ROM that is used for boot sequences, basic
110 system implementation, or some form of
dedicated software monitoring.)

READY TO GO

With the key ring inserted in the ROM
socket, the ROM inserted into the key ring,
and the key inserted into the clip at the end
of the cable, the system ROM functions nor-
mally. The address and data lines are trans-

parently sent through the byte wide key ring
socket and presented to the system ROM as
usual. As a result, existing unprotected soft-
ware will run on the system.

However, if certain address lines are driven
with specific patterns, the software activates
the key ring, which disconnects the ROM
from the system board and ties the address
and data lines to the key ring’s own bus. At
that point, communication to the system
board ROM socket is transparently passed on
to any device that is inserted into the key clip.

A MEMORY BARRIER

A partitioned memory in the key sets up a
system of barriers, preventing unauthorized
access to software. The first barrier is pos-
session of the key, since the silicon chip in-
side the key is extremely difficult to copy. If
a copy is nevertheless made, the code words
and nonvolatile memory are lost during what
may otherwise seem to be a successful pro-
cess of reverse engineering.

The key stores 64 bits of user-definable iden-
tification code, and a 64-bit security match
code that protects 128 bits of read/write non-
volatile memory. The 64-bit security code in
the key, once programmed for one particular
disk by the software vendor, cannot be read
or derived by the user.

Another barrier can be thrown in the pirate’s
path: the key manufacturer, using a laser,
can brand another 13 bits of ‘key memory
with a code unique to the software maker.

A final level of protection is afforded through
intricate programming techniques. Because
the electronic key functions as a read/write
memory, it can “converse” with deeply em-
bedded software locks and actually change
its own password from use to use. _

EASY TO USE

A low pin count and a guided entry to its
socket make the device transportable and
user insertable. A lithium battery supplies
power for decades.

The electronic key has two modes of opera-
tion. In the normal mode, data transfer takes
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place between the key ring and the key (Fig. 1).
To initiate a data exchange, RESET is taken
high and 24 bits are loaded into the com-
mand register from the computer. That 24-bit
protocol stores an unalterable code that in-
cludes the 13 burned-in bits. If the key’s com-
mand register proves to be loaded properly,
communication continues (Fig. 2).

Following thé 24-bit exchange, 64 read

cycles examine the identification RAM in the
key. The computer then writes 64 bits to the
compare register, also on the key. If that
block agrees with the security match RAM,
permission is given to read or write the
128-bit nonvolatile memory. If a match is not
found, access to. additional information is
denied. The 128-bit section can be changed
indefinitely to meet the needs of a dynamic
protection scheme.

Figure 1
D/iQ
<
> 64-Bit
Control Identification
CLK Logic ,
D —————— s | 1
7
3
64-Bit
RST Security Match
LN Compare Register
128-Bit
Secure Memory c:“
Command Register
A
NOTE:

In the normal mode, data from the computer is applied to the key through the key ring. That
data is compared in the command and compare registers. Data from the key is then returned
to the computer to complete the verification procedure.
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Driving RESET high also initiates the pro-
gram mode (Fig. 3). The computer software
loads 24 bits into the command register on
each low-to-high transition of the clock in-
put. If the key’s command register is not pro-
perly loaded, the remainder of the program
cycle is ignored. However, if the command
register is properly loaded, then the follow-
ing 128 bits are written to the identification
memory and the security match memory after
the data in the 128-bit nonvolatile RAM has
been erased by the key.

Dynamic interaction with the key can be
maintained throughout program execution.
The matching codes of the key and the pro-
gram on disk are continually updated with a
pseudorandom number—say, the check sum
of the system address space at a given in-
stant in time.

At various points in the program, the check-
sum value in the application program is

Figure 2

NO

Match
for Read or
Write

Read 64 Bits
Write 64 Bits

matched with the value in the key. If they do
not match, program execution is aborted. If
they do, another check sum is written to the
application program on the disk and to the
key, and execution of the program continues.

Alternatively, program parameters or in-
structions themselves can be stored in the
key’s 128 bits of nonvolatile memory. Those
code fragments are called up, or dynamical-
ly loaded, and initiate actions that are
crucial to the proper functioning of the ap-
plication program. If the key is improperly
programmed or programmed with invalid in-
formation, those code sequences will cause
the program to deliver unpredictable and in-
correct results to the unauthorized user.

RUNNING RINGS AROUND THE DATA

The key ring adapts the electronic keys, with
their low pin count, to JEDEC standard byte
wide memory signals. Any 28-pin RAM, ROM

WriteCommand| Protocol

identification

Security Match

on Protocol

Read orWrite| gecure Nonvolatile RAM
128 Bits Based

NOTE:

RESET Low | Outputin High Z
]

The key is matched against a particular program in a sequenced two-way transfer of data.

Previously stored data supplied by the software enables each key to be tailored to a program.
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or EPROM device can be removed and placed
in the intermediary socket of the key ring.
The combination can then be reinstalled in
the original ROM location, leaving the sys-
tem intact. Optional key rings are available
for 16-pin dynamic RAM and 24-pin ROM
sockets, and for the parallel printer port of
IBM or IBM-compatible personal computers.

The intermediary socket contains a CMOS
chip that redirects information flow from the
byte wide memory to the inserted keys, ac-
cording to special software-generated ad-
dress sequences. Data transfer of 50 Kbits/s
are possible with an assembly language
software driver of less than 500 bytes.

The key ring protocol is derived from address
inputs Ag, A1 and Ao (Fig. 4). Those addresses
are latched on the falling edge of a strobe
signal derived from the logical combination
of CE/CASj, and RAS/OEj;. Ag defines the
data that is compared for recognition. A{ ac-
tivates the communication sequence, while
A2 clocks in information defined by Ag.

As noted, data transfer through the key ring
occurs by first matching a 24-bit pattern
from the software. That pattern is presented
to a register on each rising edge of a strobe.
Therefore, data is entered for comparison to

the key ring protocol at the end of each
memory cycle.

While keeping A4 high, the proper informa-
tion must be presented on Ag to match the
24-bit pattern. Address input Ao generates
the shift signal that supplies data to the
24-bit register for comparison with the pat-
tern that has been placed in the key by the
manufacturer.

Information is loaded one bit at a time on the
rising edge of the shift pulse, and each shift
cycle must be generated from two memory
cycles. The first memory cycle sends A2 low,
setting the shift clock low. The second mem-
ory cycle sends A2 high, causing the transi-
tion necessary to shift a bit of data into the
24-bit register. Ag is kept at the same level
for both memory cycles. Address input Ag,
which controls the direction of data going to
and from the keys, is not used during pattern
recognition in the key ring protocol.

After the 24-bit pattern has been correctly
entered, a match signal is generated and
logically combined with the enable signal to
generate RESET for the key. The match sig-
nal is also used to disable the original
memory device (now plugged into the key
ring) and to enable a gate allowing the key’s

Figure 3
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CLK Logic
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RST
—_—
[ 64-Bit
Security Match K
Command Register
1
NOTE:

In the programming mode, after the first 24 bits are written, the key checks to see that they
contain a valid programming code. If so, 128 bits are written to the identification and securi-

ty match RAMs.
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Figure 4
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NOTE:

The key ring provides an active interface between the host computer and the key. Key data
plus control pulses are provided by the address line.
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Data I/O line to drive the computer memory
bus. When RESET is driven high, devices at-
tached to the key ring become active and
subsequent shift signals derived from A2
will be recognized as the key clock.

The data signal for the key on the Ag line
depends on the level of the direction signal
on A3. When A3 is high, data as defined by
Ag will be sent out on the Data 1/O line. When
A3 is low, devices attached to the key ring
can drive the memory bus output line. The
data direction bit must be set low to read key
data.

A sophisticated example of interaction be-
tween the electronic key and the application
software package involves the use of a data
encryption algorithm. The application pro-
gram is encrypted as distributed from the
factory, using the Data Encryption Standard
or the Rivest, Shamir, Adleman public key
encryption algorithm.

The public key is contained-on the program

media and the private key goes into the elec-

tronic key’s memory. A kernel, invoked when
the application program is activated, de-
crypts the remainder of the binary version of
the running program, producing a functional
one. That program then communicates with
the electronic key, providing a greater de-
gree of program security.

Dynamic encryption of the application pro-
gram can be expanded, so that the elec-
tronic key contents and the program image
are encrypted on program exit. The result:
both are different for each operation of the
program.

The electronic key is not limited to software
security. Because it is small and user-insert-
able, it can be carried, stored, and used just
like conventional keys and credit cards. The
electronic key has the added benefit, how-
ever, of a nonvolatile read/write memory and
a data capacity that surpasses most credit
cards and keys in use today.
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SYSTEM CONFIGURATION

A common problem facing systems designers
is the need to make a product general enough
to meet the needs of many customers without
unduly restricting its utility for a specific user.
Often the solution is to provide some ability
for the end-user to tailor the system to his
specific needs. Typically, this customization
or personalization of a system is accom-
plished through the use of mechanical dip-
switches or jumper wires and pull-up resis-
tors which provide a nonvolatile logic input
to finish wiring the system after the fact.
Many times these switches must be set man-
ually by non-technically inclined individuals.
Asking the user to perform what seems to the
designer to be a simple task often results in
confusion, which leads to error, ending in ex-
pensive one-to-one customer interface to
correct. Needless to say, the frustration ex-
perienced by the user in these attempts can
only have a detrimental effect on a customer’s
perception of the product. Additional short-
comings of mechanical switches include a
physical placement which may be difficult or
hazardous to access should they need to be
altered as well as virtually precluding the
ability to dynamically reconfigure the system.

Dallas Semiconductor has developed a group
of products designed to eliminate these prob-
lems without compromising the nonvolatility
of a system’s configuration. By using the
DS1206 Phantom Interface and the DS1290/92
Eliminator, a system can now have a nonvol-
atile switch equivalent which is set through
the system bus. Access to the settings may
now be something as familiar to most users
as a keyboard, in fact remote system con-
figuration over a phone link is possible.
Instead of trying to understand the words on
a written set of instructions, a customer may
configure a system through a software-gen-
erated question-and-answer session. This
approach makes use of a common interface
to configure the system, the result being few-
er errors, a higher degree of customer satis-
faction and a lower technical support cost.

The DS1290 is a 16-pin, 300-mil package
which provides 8-switch equivalents. Unlike

mechanical switches which require external
pull-up resistors to create a logic 1 state, the
pins of the Eliminator provide valid logic
levels directly. The switch settings are set
and verified through a serial port which
allows new states to be entered or the cur-
rent ones read without disturbing the pres-
ent configuration. The Clock (CLK), Data In
(IN), Transfer (T) and Op pins, shown in Fig-
ure 1, provide this interface, while the Clear
(CLR) pin causes all switches to be reset to a
logic 0. Referring to Figure 2, note that the
device is organized internally as a shift
register which is clocked on the positive
edge of clock with the outputs of all but the
last stage being latched to the pin on the
falling edge of T. The last output (Op) is not
subject to T control and ripples directly to
the pin. This feature allows Op to be con-
nected to IN through an isolation resistor to
effectively create a DQ line for system read
of settings, or permits any number of Elimi-
nators to be cascaded in serial fashion. In-
cluded within the device are power fail pro-
tection circuits to hold the output states in
the event of system power loss and ignore
any spurious CLK, T, or CLR signals that
could be generated by power transients. The
output drivers are driven directly by system
power, but gated by logic driven by internal
power, so high settings will track the board
supply and low outputs will always pull ac-
tively to ground. This effectively emulates the
common switch/resistor arrangement by hav-
ing well defined logic levels under low supply
conditions with the obvious advantage of no
DC current path through the low or logic 0
switches. The DS1292 is a 16-switch equiva-
lent housed in a 24-pin, 300-mil package.

The DS1206 Phantom Interface, shown in
Figure 3, considerably simplifies the inter-
face between the system bus and the serial
port of the DS1290/92. The device sits on the
bus as a passive listener until a specific pat-
tern of addresses sampled on the later fall-
ing edge of CE/CAS or OE/RAS has been pre-
sented to it. Once the pattern is matched the

serial port is enabled with A0 as DATA IN
from the system, A1 as RST (connected to T
of the DS1290/92), A2 as CLOCK and A3 is the
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direction control which determines whether
data is coming from or going to the system.
To close or deactivate the port simply hold
A1 low on the later falling edge of CE/CAS or
OE/RAS. The pattern recognition require-
ments on the address bus make it all but im-
possible that the port could be deactivated
accidentally (the probability of an arbitrary
set of 48 memory cycles opening the port are
1in 2% or 4.5 x 10%).

The simplest implementation of the DS1206/
DS129X is one in which the designer neither
needs nor desires a direct software verifica-
tion of the configuration settings. In such a
system the DS1206 serial port is opened and
the software-determined settings are sent to
the DS129X. The port is then closed and the
settings are verified by observing the behav-
ior of the system.

Some designers may desire to verify the set-
tings within the configuration software. The
DS1206/DS129X provide a way for the soft-
ware to directly verify that the settings are
what was requested before the board is put
in service. Pictured in Figure 4 is an example
of a system for the IBM Personal Computer.
This board demonstrates the use of the
Phantom Interface/Eliminator by allowing a
configuration to take place under keyboard
control. The configuration will be the board
address as well as any other user-defined
system attributes (e.g., baud rate). Once the
configuration has been set and verified,
reads and writes of the memory may be done
in the normal fashion, with no interference
from the Phantom Interface or Eliminator. A
typical sequence of events for installing this
board are: 1) The user inserts the board into
an expansion slot; 2) After booting the PC, a
vendor-supplied floppy is inserted into the
drive and a configuration program. is ex-
ecuted; 3) The software makes simple in-
quiries to determine the board address and
attributes and translates the user responses
into valid settings; 4) The DS1206 is opened
and the appropriate settings are written to
the DS129X. Note the CLR function provides
the ability for a manual return to the uncon-
figured stated should that become necessary.

In using this system configuration approach,
one should be aware of several things that are
illustrated by the example board. First, it is not
necessary to predict an unoccupied memory
space in which to place the unconfigured
board because the DS1206 on a virgin board
can be enabled by any address. In the execu-
tion of a sequence of code a processor will
perform fetches from memory interspersed
with the requested 1/0 operations. The DS1206
is unable to distinguish the software-requested
memory reads from the instruction opcode
fetches; therefore the DS1206 on an uncon-
figured board must be enabled by only write
cycles to any address location. After the
DS1206 is opened writes through the port are
allowed independent of address, but reads
only from the current board address. On a
virgin board, this may conflict with memory
already resident in the system. Contention
can be avoided by first opening the Phantom
Interface port, setting the Eliminator outputs
to some unoccupied address and closing the

port. The act of closing the port will bring the

T line to the DS129X low and update the out-
puts to the current settings. The protocol for
the serial port may be reissued and a read
performed at the board address. The board
select is accomplished by using a common
technique, comparing the address bus to the
switch outputs using a 74L.S688 TTL compar-
ator. Note that setting the DS1290 output
labeled CONFIG to a logic 0 will cause the
data from the board to come from the serial
shift registers of the cascaded DS129Xs,
rather than from the memory. The switch set-
tings are read by holding T high (RST from
the DS1206, A3 on the system bus) which
holds the old settings at the outputs untii it
is brought low again, and issuing a clock
stream through A1, whose length matches
the number of bits on the DS129X chain. The
last_output on the DS129X is not subject to
the T control and will therefore toggle as the
data stream is brought through the shift
register. This unique output allows the set-
tings to be interrogated or Eliminators to be
serially cascaded without changing the out-
put states. By connecting the last output of
the chain to the DQ line from the DS12086,
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through an isolation resistor, data can be
serially shifted to the system and at the
same time be fed back into the DS129X
chain. When the port is closed the outputs of
the' DS129X will be updated, but because the
number of clocks matches the number of
bits in the chain and the last bit of the chain
drives the input, the states will not change.
Once the software has verified the settings
are correct, the port should be opened once
again and the same bit stream rewritten, but
with the CONFIG bit set high. With the CON-
FIG bit high the serial port is disabled and no
further writes or reads can be done through
it. The board is now enabled to respond to
reads and writes of its registers at the board
address. On this board, the 74LS374 device
is the register bank, with the 74S1.244 per-
forming the transfer of the data to the
system bus during reads. Should it become
necessary to change the board address or
attributes, one simply brings the CLR pins
on the DS129X to ground (or_only the par-
ticular device which has the CONFIG bit) to
return the board to an unconfigured state.
The setting sequence_may now be repeated
as desired. Pulling CLR low may be ac-
complished in on of several ways, using a
normally open, momentary contact-to-ground
switch (the CLR pin has an internal pull-up
resistor), a simple shunt as a jumper, or even
a second DS1206 to allow the protocol
match at a hardwired address location to
cause a clear under software control.

Mechanical dipswitches are usually perceived
as a necessary evil in the design of a system,
used only as a last resort to provide some
flexibility to the customer base. With the in-
troduction of the DS1206 Phantom Interface
and the DS1290/92 Eliminator a designer no
longer needs to compromise a system’s fiex-
ibility for ease of use. A high degree of flexi-
bility can be maintained and at the same
time the ability of a user to mold a system to
a particular use in enhanced.

ELIMINATOR Figure 1
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BLOCK DIAGRAM--DS1292 Figure 2

TRANSFER >o
CLEAR {>°

o
-

T

J J

CLOCK D | :
DATAIN CLEAR CLEAR CLEAR j
? R 0g R R Og R 0p i
bed E e E (’
LpcK L—CpCcK L OpCK i
eeed £ :‘
o .
s ‘a § ¢S OB s 0a ‘
— :
TRANSFER TRANSFER
LATCH LATCH
v OUTPUT oUTPUT OuTPUT
Vee 0q 0g 0a
POWER (o
SWITCH Y

LITHIUM ENERGY CELL
(NOT PART OF THE DS1293)

“

DS1206 PHANTOM INTERFACE Figure 3

N.C. 1 14[] Voe
A3 13[] RST
A2 [ 12y DQ
Al 4 11[J CLK
A0 5 10} CE/CAS
pQout [J6 9] CEICAS Out
GND 7 8[] RAS/OE In

635



IBM PC EXPANSION BOARD
EXAMPLE SHOWING CASCADED ELIMINATORS Figure 4
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INTRODUCTION :
This application ‘note describes the use of
the DS1260 SmartBattery to provide non-
volatile operation of one or more Xilinx/MMI
XC-2064 Logic Cell Arrays.

The LCA is a CMOS logic array device in
which the internal configuration is deter-
mined by self-contained bits of RAM storage.
The data contained in this RAM is used to
define logic block functions, configuration
of I/O blocks, routing of internal signals, and
other options. As a result, the user can
quickly implement complex digital -logic
functions directly without the requirement
for masking or other vendor performed pro-
gramming steps. In addition, the use of inter-
nal RAM allows logic design changes to be
quickly implemented and verified in the pro-
totype system. Complete re-configuration
“on-the-fly” of the final production system is
also possible.

The use of RAM for holding the LCA’s config-
uration data allows a maximum amount of
flexibility in a programmable logic device.
Without nonvolatile support, however, the
device must be re-loaded from external mem-
ory each time that the configuration data is
lost due to a power down or to a brownout
condition. This not only requires additional

SYSTEM SCHEMATIC Figure 1

memory to contain the logic configuration
data, but also a considerable amount of time
following power-up to perform the re-load
operation.

The DS1260 alleviates these problems by
providing nonvolatile support with a
minimum impact on system hardware. The
DS1260 directly interfaces to three pins on
the LCA to perform the nonvolatile control
function with no additional source circuitry.
In addition, the embedded lithium energy
source within the SmartBattery provides suf-
ficient capacity to maintain the logic con-
figuration data in several LCAs for 10 years
in the absence of Vg(C.

SCHEMATIC DIAGRAM

The schematic shown in Figure 1 illustrates
the required connections between the Smart-
Battery and one or more XilinxMMI LCAs.
Two Vgl (Ve In) lines are present on the
DS1260 and may be connected to the system
power supply line. The two Voo lines on the
DS1260 may be directly connected to the two
power supply inputs on LCA as shown. The
Vg lines are internally tied together within
the DS1260 as are the Vg lines, so that
there will be no voltage differential across
either of these two sets of pins.
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The PF line of the DS1260 is used to directly
connect to the PWRDN input to the LCA.
This DS1260 will use this line to automatically
place the LCA in its standby state when
power is cycled on and off.

Multiplied LCAs may be controlled from a
single SmartBattery simply by repeating the
same connections to the additional devices
as shown in the schematic.

POWER CYCLING OPERATION

The timing diagram in Figure 2 illustrates
the timing operation of the system when
power to the system is cycled off and on.
During normal system operation, incoming
Ve voltage is monitored by the DS1260 for
two thresholds below nominal operating
voltage. Both of these thresholds are
detected by the SmartBattery as Vgc
decays in a power-down situation. The first
(highest) threshold which is detected during
a power-down is the Power Fail Voltage
(VPE). When Vg falls below this value the
PWRDN pin on the LCA is pulled down to its
active low level by the PF output from the
embedded control 1C. This action will force
the LCA to suspend all operation and go into
its low power consumption mode. All clocks
will be stopped within the device and all out-
puts are placed into high impedance state.
All configuration data is maintained in the
device when PWRDN is held at its active low
level.

As Vg voltage continues to decay during a
power-down it will eventually drop below the

POWER CYCLING TIMING Figure 2

Veel

second (lower) threshold detected by the
SmartBattery, which is Power Down Voitage
(VpD)- When this occurs the internal lithium
source is automatically switched to the Vo
pins on the LCA device and the PWRDN in-
put will continue to be held in its active
state. At this point the configuration data
will be maintained by power supplied from
the lithium source.

During a power-up, the reverse of the se-
quence described above will take place.
When Vg rises above the Vpp threshold,
the Vg lines of the LCA will be switched
from the lithium source to the system Vgc
lines. When Vg subsequently rises above
the Vpf threshold, the PWRDN pin of the
LCA will be driven to its inactive high level,
and full operation of the device can then
take place.

There are only two timing considerations
which are of concern to the system designer.
The first is the fall time siew rate of the in-
coming Vggy voltage. As specified in the
DS1260 data sheet, the minimum fall time (tF)
must be no less than 300 us. This is to insure
proper operation of the PF signal and switch-
ing of Vcco from the Vg input voltage to
the embedded lithium source. With a reason-
able amount of capacitance on the Vg line
that is normally associated with most power
supplies, this timing requirement presents
no problem. The minimum rise time slew rate
is specified as minimum of 1 us, which will
be met by default in most designs due to the
capacitance described above.
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The other important timing consideration is
the recovery delay time associated with the
PF output of the DS1260 following a power-
up condition. In this case, the delay time is
specified at a maximum of 100 us. This im-
plies that the LCA will not be allowed to
begin operation for this length of time in the
worst case. As a result, no logic should be
implemented in the LCA which must begin
operation within this timeframe.

RESET (LITHIUM DISCONNECT)

The Reset input to the SmartBattery can be
used to disconnect the lithium source from
the LCA Vg lines. This feature is useful in
situations where the system is to be pow-
ered down for a long period of time without
the need for data retention, as might be the
case when the system is stored in a stock-
room. By disconnecting the lithium source,
its full energy capacity can be assured at the
time when use of the system begins. Acci-
dental discharge is also prevented during
shipping and handling. This feature is ac-
tivated with a high-going pulse to the RST in-
put while system power is being applieu
above the Vpf threshold. When system
power is removed following this action, the
LCA’s Vg lines will be isolated from the
lithium source. The next time that power is
applied, normal operation will again take
place when Vg rises above the Vpfg
threshold, and the LCA’s Vg lines will once

again be connected to the lithium source.

when the system is powered down. The tim-
ing diagram in Figure 3 illustrates the opera-

RESET TIMING Figure 3

+5V -

Veet ——\
FBV = ——— A

o —

RST —

tion of the SmartSocket in response to the
RST input.

DATA RETENTION

The DS1260 SmartBattery is available in
three different capacities, including 250, 500
and 1000 maH (milliampere hours). Calcula-
tion of the data retention of the LCA(s) in the
system with the SmartBattery is simple and
straightforward. First, the maximum standby
current of the LCA is multiplied times the
number of LCAs used in the system. This
number is then converted to milliamperes
and used to divide into the capacity of the
embedded lithium. This gives the data reten-
tion time in hours. To convert this number in-
to years, it may be divided by 8760, which is
the number of hours in one year.

The worst-case standby current of the Xilinx/
MMI XC-2064 is unspecified at the time of
this writing, but is said to be around 50 nA by
the manufacturer. To be on the safe side, it
can be assumed to be 100 nA for the purposes
of a design example..Using a DS1260-25 (250
maH) and four LCAs in the system, the calcu-
lated data retention time is as follows:

250 maH
4 % .0001 mA

8760 hrs.lyr.

=713 yrs.

) N 3
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Vcco
+3V =

oV —

133 ALY 1)
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In this example the data retention time is
71.3 years. For most applications, 10 years
of data retention in the absence of Voo
voltage is more than sufficient to last the life
of the product. The maximum amount of cur-
rent which can be drawn from the 250 maH,
500 maH and 1000 maH versions of the Smart-
Battery and still provide 10 years of data
retention time can be calculated as follows:

250 maH
10 yrs. x 8760 hrs/yr.

=.00285 ma = 2.85 uA

500 maH
10 yrs. x 8760 hrslyr.

=.00570 ma=5.70 uA

1000 maH
10 yrs. x 8760 hrslyr.

=.01140 ma=11.40 vuA

Note that these numbers represent the total
amount of data retention capacity available
with the SmartBattery when VGG voltage is
not present. No lithium power is consumed
when system power is applied.
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n: Dallas Semiconductor Application Note 12
» KeyRing DS1255

DS1255 KeyRing Implementation

The DS1255is a special adaptor designed to interface Dallas Semiconductor DS1204U
and DS1207 Electronic Keys to personal computers via the parallel printer port. This mechanism
was chosen as the method of interface due to the ease of installation and common parallel printer
port availability. Dallas Semiconductor has also developed software which demonstrates how
communication is established between the P.C. system and the electronic keys. The complete
hardware/software package was developed for electronic key implementation on a 4MHz IBM
personal computer. This hardware/software combination may require minor modifications for the
various machines and parallel printer port add-on cards available today.

Hardware - Standard Product

The standard DS1255 KeyRing directs 4 signals from the parallel printer port to the DS
1204U and DS1207 Electronic Keys. Pin 4 of the 25 position D connector, D2 (Data Out 2),
provides RST for communication with the keys. Pin 5 of the D connector, D3 (Data Out 3),
generates the CLK signal providing timing of data in and out of keys. The SLCTIN line (Pin 17)
is a bi-directional signal and is used as the data I/O signal for Keys. Finally, Pin 18 of the D
connector is signal ground for the KeyRing and Keys. For a more complete understanding of
these pins and their function, see the DS1255, DS1204U, and DS1207 data sheets. All of these
signals are passed through to the printer except for Pin 17 SLCTIN. Because this is a bi-
directional signal, it must be terminated at the KeyRing and not passed on to the printer, in order
to avoid contention and/or clamping by the printer.

Note: 1. Manual selection may be necessary on some models of printers if this signal is
used by the printer for auto-select.
2. A 180{)pull down resistor may be placed between pins 17 and 18 at the printer
side of the card to select the printer at all times.

Figure 1 depicts the schematic and physical P.C. board design for the DS1255 standard
product.

Hardware - Option

On some non-1BM compatible parallel printer port cards the SLCTIN signal (Pin 17) is not
bi-directional. Communication from system to electronic keys must, therefore, be modified.
Typically, the SLCTIN pin on these cards is for signaling from the system to the printer only.
Therefore, communication to electronic keys from the system is possible, but not from keys to
the host system. In this case, Pin 13 of the 25 position D connector (SELECT) is used for data
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transmission from keys to the system. As in the standard product, Pin 13 must also be
terminated at the electronic key and not passed on to the printer in order to avoid contention and/
or signal clamping. This hardware modification can be made very easily as follows:

(1) Disconnect the printer end of Pin 13 by cutting the trace on the DS1255 printed
circuit board at the location noted in metal with a hash-mark.

(2 Connect with a jumper wire the two adjacent holes located near the hash-mark
above.

Figure 2 depicts the schematic and modification to the physical PC board layout
necessary to complete this option.

Note: As with the standard product, if the printer used with this option requires either
Pin 17 (SLCTIN) or Pin 13 (SELECT) for auto select, it must be selected
manually before operation.

Hardware - Other Options

There may be some rare cases where neither the standard product nor the option
described above will work. For these uncommon cases and the option described above, the
DS1255W should be ordered. The DS1255W is completely assembled as a standard product,
but the housing is shipped separately unattached. Thus, any modification to the hardware can
quickly be made, and housing reattached.

Software Options

As described above, the software package provided by Dallas Semiconductor has been
developed for implementation on a 4 MHz IBM personal computer with the DS1255 standard
product. This software package is intended to be used as a demonstration tool as well as a
baseline for development. The software should be tailored for a specific end application and must
be modified to reflect any hardware option as described above. Also, for personal computers
running faster than 4 MHz, some wait states may be necessary within the software due to
resistor-capacitor signal (R-C) filtering on the CLK line (Pin 5 of D connector).
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FIGURE 1: STANDARD PRODUCT
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FIGURE 2:

COMPUTER PRINTER
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h Dallas Semiconductor Application Note 13
» P.C.Port Option DS6010

DS6010 P.C. Port Implementation

The DS6010 is a unique half-length add-on card for IBM personal computers and
compatibles. This card forms the interface between the personal computer expansion bus and
Dallas Semiconductor memory cartridges (DS1217M) via a ribbon cable (DS9000) or cartridge
clip (DS9020). The software provided with the DS8010 contains drivers and sample configuration
files which allow for emulation of floppy disk drives with nonvolatile memory cartridges. This
software was developed for use with the MS-DOS operating system on IBM PC/XT/AT and
compatible computers. Certain applications may require the use of the nonvolatile memory
cartridges in a non-floppy disk emulation format.

Access With Basic

The DS6010 has been designed such that with minor moditications, DS1217M memory
cartridges can be accessed within the “BASIC” programming language on the personal computer.
A specific 32K X 8 bit section of the memory map must be allocated for the nonvolatile RAM and
SmartWatch on the DS6010 card, and another 32K X 8 bit section of the memory map for the
DS1217M cartridge (via DS9000) or cartridges (via DS9020). The function of determining the
vacant two sections of 32K X 8 bits is performed automatically under software control by the
drivers provided with the standard DS6010 distribution kit. The 32K X 8 bit banks are set with
an electronic DIP switch (DS1292) upon power up. For applications requiring access to
cartridges in the “BASIC” programming mode, this determination of memory map location can
be done with standard 8 position DIP switches (2) rather than the DS1292 Eliminator.

Hardware Modifications

in order to modify the existing DS6010 hardware, the following must be performed
(reference Figure 1):

(1) Remove DS1292 Elilminator from socket (U13)
(2) Solder in place any common 8 position DIP switch (16 pin .300") atlocations U6
and U7. Note: Be sure Pin 1 is oriented properly.

DIP Switch Settings
Any vacant section of memory map may be used for the NVRAM Plus SmartWatch and

the DS1217M Cartridge/Cartridge Clip. Selection of memory map location for the NVRAM and
SmartWatch is made by setting the DIP switch at U6 with switch number 8 being the most
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significant bit. Selection of memory map location for the nonvolatile cartridgesis made by setting
the DIP switch at U7 with switch number 1 being the most significant bit. Some of the DIP switch
settings are not applicable and should be setas describedin Table 1. Note thatthe “off” condition
of the switch is a “Logical 1” and the “on” condition is “Logical 0”. For explanation purposes,
memory map locations “DOXXX” and “D8XXX” are used for the NVRAM Plus SmartWatch and
memory cartridges respectively. These are common vacant sections in the memory map and
are the default settings when using the standard hardware/software package.

“BASIC” Access

Access to the NVRAM Plus SmartWatch and the nonvolatile cartridge/cartridge clip may
now be accomplished using “Peek” and “Poke” commands from BASIC.

Please review DS1216, DS1217M, and DS9020 data sheets for technical information and
access protocol to these devices.

FIGURE 1
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TABLE 1

DIP SWITCH SETTING LOGICAL DESCRIPTION COMMENTS
SWITCH NUMBER CONDITION '
1 OFF 1 DECODE MUSTBE 1
ENABLE
us 2 ON 0 OPTIONAL FUTURE
NVRAM ENABLES ADDED
WATCH MUST BE FEATURES
DECODE 3 ON 0 ZERO
4 ON 0 LsB Al5
MAY BE ANY
5 OFF 1 A16 UNUSED
MAP LOC. 32KX8 BIT
6 ON 0 DOXXX A17 BANK OF
MEMORY MAP
7 OFF 1 Al8
8 OFF 1 MsB A19
1 OFF 1 MSB A19 MAY BE ANY
OTHER
UNUSED
2 OFF 1 A18 32KX8 BIT BANK
OF MEMORY
MAP LOC. MAP
3 ON 0 D8XXX A17
u7 4 OFF 1 Al6
CART-
RIDGE 5 OFF 1 LsB A15
DECODE
6 DON'T CONFIG. FOR DS1206/
CARE LOCK DS1292 ONLY
7 OFF 1 DECODE MUST BE 1
ENABLE
8 ON 0 WRITE MAY BE 1 TO
LOCK WRITE
PROTECT
MEMORY
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