














































































































































































































































































































































































































































































































































































































































































































































































































































































































DMA Interconnection 
to the 8003 EDLC 

Introduction 
SEEQ's 8003 Ethernet-compatible data link control-· 
ler provides an economical communication interface 
for terminals, personal computers, workstations, 
printers, disk drives and host computers. The 8003 
is a 40-pin VLSI device which can replace approxi­
mately 60 MSI and SSI components in a typical 
Ethernet node configuration. 

This application brief is about design techniques for 
an Ethernet node when direct-memory access (DMA) 
is chosen as the means of transferring data between 
the system bus and the channel. The methods des­
cribed herein can be applied to virtually any com­
puter or system bus architecture. 

Ethernet local area networks use the broadcast net­
work topology. That is to say, a signal transmitted by 
any station reaches all other nodes on the network. 
This is in contrast to other types of networks, such 
as the "star" and the "ring", which use point-to-point 
interconnections. Transmitted messages in Ethernet 
are "broadcast" on a segment of son coaxial cable. 
Communication nodes are attached to this cable via 
passive taps, so that new nodes can be added at any 
time without interrupting the network service. Nodes 
on the network can be addressed individually, in 
"multicast" groups, or by the "broadcast mode" to all 
nodes simultaneously. The broadcast topology is a 
very efficient mode of communication, yet it is sim­
ple and inexpensive to implement. 

Ethernet �a�l�i�~�s� IEEE 802.3 CSMAlCD 

The first Ethernet local area network was imple­
mented in Palo Alto, California in 1975 as a joint 
effort of Stanford University and Xerox Corp. Since 
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then, Ethernet has been expanding in use and 
accumulating history. Over the years, it has proven 
to be reliable and efficient in a wide variety of net­
work applications. As a result, it has become the first 
industry-standard protocol for local area networks, 
supported internationally by computer manufactur­
ers in the U.S. and Europe. 

In 1980 the Institute of Electrical and Electronics 
Engineers (IEEE) sponsored a committee to review, 
document and publish this protocol as an interna­
tional industry-standard. After three years of review 
and refinement, this specification is about to be pub­
lished by IEEE Press under the title IEEE 802.3 
CSMA/CD Local Area Network Standard Protocol. 
("CSMA/CD" describes the medium access method, 
Carrier Sense, Multiple Access with Collision Detec­
tion,) The IEEE 802.3 document supersedes all 
previously published Ethernet specifications. 

CSMAlCD - Carrier Sense, Multiple Access with 
Collision Detection 

CSMAlCD: This expression describes the medium 
access method used in Ethernet alias IEEE 802.3 
CSMAlCD. Carrier Sense means all nodes on the 
network can detect all signals transmitted on the 
network from any source. Multiple Access means all 
nodes can have equal access to the network without 
need for centralized control. A node is permitted to 
transmit if the network is not already busy. If, how­
ever, two or more nodes start to transmit simul­
taneously, it is called a collision. Collision Detection 
means that all nodes can detect a collision by moni­
toring the medium. When a collision occurs, the 



transmitting nodes resolve which will retransmit first 
by differential backoff timing. 

Data is transmitted in "packets" or "frames" which 
begin with a preamble for synchronization and end 
with a CRC field for error detection. In between, the 
frame has source and destination addresses, a byte­
count field and an information field. Total frame 
length is 72 to 1526 bytes. 

SYSTEM '" ---" I SYSTEM 
BUS INTERFACE 

I 
HOST-DEPENDANT 

INTERFACE 

Figure 1. Ethernet Node Configuration 

i 
DATA LINK 

LAYER 

Figure 1 shows a typical CSMA/CD node con­
figuration. The System Interface connects the 
host system bus to the network. This interface 
varies depending on processor and system 
requirements. 

Data Link functions are performed by SEEQ's 
8003 EDLC Ethernet Data Link Controller 
chip. This device performs medium access 
control, frame formatting and error detection. 
The Physical Layer functions, carrier sense, 
collision signal detection, data signal encoding 
and decoding are performed by SEEQ's 8023A 
MCC™ Manchester Code Converter chip. Man­
chester Code is the physical signaling format 
used on the network. Data is transmitted on the 
network at a rate of 1 0 million bits per second. 

Mee is a trademark of SEEQ Technology, Inc. 

The physical signaling format used in Ethernet is 
baseband Manchester Code transmitted at a rate of 
10 million bits per second. In Manchester Code, 
each bit is encoded by a transition. A "one" is 
encoded as a low-to-high transition and a "zero" as 
a high-to-Iow. In this way there is a continuous 
supply of bit-framing information for the receiver, 
since the transmitted signal is never stationary for 
more than one bit time. 

i 
PHYSICAL 

LAYER 

TRANSMIT 

The Data Terminal Equipment hardware, con­
sisting of the System Interface, the 8003 
EDLC chip and the 8023A MCC chip, is 
connected to the Transceiver by the Access 
Unit Interface (AUI) cable. This cable consists 
780 balanced, shielded twisted-pair connec­
tions, DC biased at the Data Terminal end and 
transformer-coupled at the Transceiver end. 

Besides the passive tap to the Trunk Coax, the 
Transceiver provides signal amplification, pre­
conditioning on the receive path, impedance 
matching, DC isolation, collision detection and 
collision signaling generation. DC power for 
the Transceiver circuits is provided through the 
cable. 
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Figure 2. SEEQ's Ethernet Chip Family: 8003 EDLC 
Ethernet Data Link Controller, 8023A MCC Manchester 
Code Converter 

Direct Memory Access System Interface 

There are two basic methods for interfacing the 
CSMA/CD channel to the system bus using DMA, 
illustrated in Figure 2. The first method uses DMA to 
transfer data directly between the Ethernet Data Link 
Controller and the system memory. In the second 
method, a temporary buffer memory intervenes 
between the system memory and the EDLC chip. 
The intervening buffer relieves the system bus of 
some of the traffic and timing requirements asso­
ciated with the channel. These two methods will be 
the subject of the following sections. 

D MA Design Considerations for Ethernet 
In designing an Ethernet node, some trade-offs have 
to be made between processing speed and commun­
ication speed, cost and performance, flexibility and 
simplicity, etc. The right balance can be different for 
each piece of equipment designed, depending on its 
purpose and system requirements. In order to help 
you evaluate the trade-offs for your design, this sec­
tion discusses some of the key parameters for you to 
consider at the outset. 

Time Is Data 

Since the data transmission rate for Ethernet is 10 
million bits per second, data transfers during active 
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SYSTEM 
BUS 

DMA DIRECTLY TO/FROM 
SYSTEM MEMORY 

SYSTEM 
BUS 

DMA WITH DEDICATED BUFFERS 

Figure 3. DMA System Interface Techniques 

periods will have to keep up. That means data has to 
be moved at 1.25 million bytes per second to/from 
the communication channel. The DMA Controller 
must meet this speed requirement or frames will be 
lost. If the system is to support loopback diagnos­
tics, both transmit and receive DMA channels will 
have to operate simultaneously, together transfer­
ring 2.5 million bytes per second. Not just any DMA 
Controller will do. 

Bus Bandwidth 

This is only a consideration for systems with heavy 
communications traffic and/or critical response tim­
ing. The transfer of data on the system bus can 
sometimes use up a considerable percentage of the 
bus time, at least for short bursts. If this is a prob­
lem, the method with dedication buffer memory can 
be used to offload the system bus (see Figure 2 
bottom). 

With or Without Dedicated Buffer Memory 

If the system architecture does not support 1.25M 
8ytes/s DMA, the dedicated buffer approach can 
solve the timing problem. If the system architecture 
does support high-speed DMA, then bus bandwidth 
is the key factor which influences this decision. In 
this case it is clearly a cost-performance issue. The 
dedicated buffer can relieve system bus traffic, but it 
takes more hardware to implement. 



Cycle-ste-' or Burst Mode DMA 

Refer to Figures 3 and 4. In the Cycle-steal DMA 
Mode, the DMA Controller "steals" a bus cycle to 
transfer one and only one byte or word of data. In 
the Burst DMA Mode, each time the DMA Controller 
acquires the bus, it can transfer several bytes or all 
the data to fill or empty a buffer. Either of these two 
modes can work for Ethernet in principle if the 
transfer speed is adequate. The Burst Mode is usu­
ally preferred by reason of timing efficiency. In Burst 
Mode, bus arbitration and change-over delays are 
kept to a minimum. Also, Burst Mode allows the 
DMA Controller to fill or empty a buffer in one DMA 
cycle. 

On Demand 

Transfers between memory and the communication 
circuitry must be done on demand. Some DMA Con­
troller chips will only transfer blocks of data in 
predetermined lengths. This will not work since the 
processor and DMA Controller cannot know in 
advance how many bytes of data can be transferred 
at a given time. 

Maximum Bus Grant Latency 

The time it takes to get the bus after a request is 
made is called bus grant latency. If the DMA method 
without buffer memory is used, each time a DMA 
transfer to/from the 8003 EDLC chip begins, the 
DMA Controller must arbitrate for and acquire the 
system bus. If the latency is too long, the transmitter 
may underflow or the receiver overflow. The 8003 
has transmit and receive FIFOs which are 16 bytes 
deep, so it must transfer data at least once every 
12.8 microseconds when active (16 x 800 nano­
seconds). Maximum bus grant latency should be 
deterministic and always less than that required to 
prevent underflow and overflow. 

DMAREQUEST 

Figure 4. DMA Cycle-steal Mode State Diagram 

8003/DMA Node Hardware 
The 8003 has an 8-bit bi-directional data bus 
(RxTxDo-7) for data transfers to and from its internal 
FIFOs. In Figure 6, the node hardware is configured 
to transfer data directly to/from system memory over 
this bus. (This is the technique referred to previously 
in Figure 3 at the top.) A two-channel DMA Controller 
is used, providing one channel for transmit data and 
one for receive data. 

A transfer to the transmitter of the 8003 begins with 
a DMA Request given by the 8003 (its TxRDY pin 
goes high), The DMA Controller then issues a Bus 
Request to the processor. After completing the cur­
rent cycle, the processor halts and gives a bus grant 
to the DMA Controller, which then transfers the data 
by issuing a DMA Acknowledge and all necessary 
address and control signals. Additional transfers 
would take place if Burst Mode is used until the 
Transmit FIFO is full, indicated by the TxRDY pin 
going low. Then the bus is released to the processor 
and the DMA cycle is over. 

Data transfer from the Receive FIFO happens in the 
same way but with data flowing in the opposite 
direction. It starts with a DMA Request from the 8003 
(its RxRDY pin goes high). If Burst Mode is used, the 
DMA will continue to transfer until the Receive FIFO 
is empty, indicated by a low on the RxRDY pin. 

The Data Interface for a DMA node with buffer 
memory appears in Figure 6. In this case, a 4-
channel DMA Controller is used. Two channels are 
needed as before to transfer data between the 8003 
and memory. These two channels operate "oft-line" 
and do not require bus arbitration. The other two 
transfer data between the buffer memory and the 
system bus. They do require the usual bus 
arbitration. 

Figure 5. DMA Burst Mode State Diagram 
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For this design, the RxTxDo-7 ReceivelTransmit 
Data Bus of the 8003 connects to a separate bus 
which is isolated from the system bus by a trans­
ceiver. This bus gives the 8003 immediate access to 
the buffer memory without the need for arbitration. 

The two channels for memory-to-memory transfer 
use the usual bus arbitration method to access the 
system bus. For these two channels, data being 
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transferred passes through the transceiver shown in 
the top center of the figure. The tri-state buffer 
appearing at the bottom center passes the address 
from the DMA Controller to the System Memory dur­
ing the transfer. The tri-state buffer and transceiver 
are enabled by the DMA Controller at the appro­
priate time in its cycle. 
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Figure 6. Data Interface for DMA Directly to/from System Memory 

SYSTEM 
MEMORY 

PROCESSOR 

/'r- /':.. 

V'--
" 
A. 

" 

A 

" 

:=:::) 

I:=:::) 

K== 
---
---

SYSTEM 
BUS 

A .A 

....- Y 

S 
Q 

1-
1-

7' 

0 

--<l-

A. 
RxTxOO.7 

'- > 
8003 

'" ~ 
2 2 

RxlTx OMA OMA 
BUFFER REQUEST ACKN OWLEOGE 

MEMORY 

~ 
4 CHANNEL 

OMA 
CONTROLLER 

BUS REQUEST 

BUS GRANT 

Figure 7. Data Interface for DMA with Buffer Memory 
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Command Status Interface 

The CommandlStatus Interface for the 8003 is 
shown in Figure 8. The 8003 has a separate bi­
directional 8-bit bus for accessing its internal com­
mand and status registers. This bus is labeled 
"CdStO-7" in the figure. Three address lines, Ao, A1 
and A2 select the register to be accessed. Refer to 
the 8003 data sheet for a full description of these 
registers and their addresses. 

To write to a command register, the system bus 
decoder must provide a low level to both Chip Select 
(CS) and Write (WR) while data and the three address 
bits are valid. To read a status register, a low is app­
lied to both Chip Select and Read (RD) while the 
address is valid. 

The Interrupt Request line (lNT) goes high to request 
an interrupt when specific conditions occur. This 
line drives the interrupt input of the processor, either 
directly or through an interrupt-priority logic block. 
Conditions for generating an interrupt are selected 
by setting bits in the command registers. For details, 
see the data sheet. The Interrupt Request line is 
cleared automatically when the processor reads the 
status registers. 

8237/9517 DMA Controller Interface 

The interconnection of popular the 8237/9517 DMA 
Controller to the 8003 is illustrated in Figure 8. The 
TxRDY control line from the 8003, which indicates 
that the Transmit FIFO is not full, is used to generate 
the DMA request for Channel 1, the transmit chan­
nel. Similarly, RxRDY which indicates that the 
Receive FIFO is not empty generates a request for 
Channel 0, the receive channel. After a request for 
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Figure 8. Control/Status Interface 
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Channel 1, the DMA Controller will issue simultane­
ously a DMA acknowledge (on DACK1) and an 
inputloutput write (lOW), which are used to assert 
the TxWR write line on the 8003. After a request for 
Channel 0, the DMA Controller will issue simultane­
ously a DMA acknowledge on DACKO and an 
input/output read (lOR). These are used to assert the 
RxRD read line on the 8003. 

The EOP control line on the 8237/9517 indicates the 
"end of process" which has the same meaning as the 
8003's "end of frame" line (EOF). These lines are 
used to terminate the transfer process after the last 
byte of a frame has been transferred. Both the EOP 
and EOF lines are bi-directional, the direction de­
pending on the direction of data transfer. They are 
interfaced together by an inverting transceiver, whose 
direction of operation is controlled by the DACKO 
and DACK1 acknowledge lines. 

The active polarities of the DREQ and DACK lines 
on the 8237/9517 are programmable by setting 
internal control bits. For the interface shown, they 
should be programmed active high. 

68440/68450 DMA Controller Interface 

The 8003 interface to the 68440/68450 DMA 
Controllers from the popular 68000 microcomputer 
family is shown in Figure 9. The request lines on the 
68440/68450 can be programmed to be level or edge 
sensitive. In this example, level sensitivity is selected 
by setting internal control bits. As in the previous 
example of Figure 9, the TxRDY output of the 8003 
drives the request line for Channel 1 and the RxRDY 
requests Channel O. 

+5 
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TiWR 

DACK1 

823719517 
QUADDMA 8003 

CONTROLLER 

EOP EOF 

DACK~ 

lOR 
RxRD 

DREQ1 TxRDY 

DREQO RxRDY 

Figure 9. 8003 Interface to 8237/9517 DMA Controller 
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Figure 10. 8003 Interface to 68440/68450 DMA Controller 

The acknowledge lines on the 68440/68450 can be 
connected directly to the TxWR and RxRD inputs of 
the 8003 as shown in Figure 9. 

On the 68440/68450, the EOF function pin is called 
"done". The DONE pin interfaces to the 8003's EOF 
pin through an inverting bi-directional transceiver 
shown at bottom center of the drawing. As in the 
previous example, this signal terminates the channel 
activity at the end of the frame. 

The PClO and PCl1 lines on the DMA Controller 
are put to good use in this application. They are 
programmable inputs associated with Channel 0 and 
Channel 1 respectively. By setting internal control 
bits, the PCl1 line can be programmed to activate 
the on-chip interrupt request logic. The interrupt 
request output of the 8003 (lNT) is used to drive it. A 
low on PCl1 will interrupt the processor to read the 

TxRDY 
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TxWR 

4.7K 
INT 

.".. RxRDY 

I 
IrxIm 

4.7K 
8003 

RxDC 
+5 

4.7K 

l~O.C. EOF 
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status registers of the 8003. This is used for a variety 
of conditions which can occur on the network. For 
example, if 16 consecutive collisions occur, network 
diagnostics and/or an alarm are ordered by inter­
rupting the processor. The status code which has 
generated the interrupt is read by the processor 
from the 8003's internal status registers. 

The PClO input can be programmed to be an input 
for restarting Channel 0, the receive channel. In this 
mode, a low on PClO will re-initialize the channel 
automatically. It is driven by the 8003's RxDC 
receive discard line. RxDC goes high following 
reception of a bad frame or frame fragment. This will 
in effect discard the bad data and restart the receive 
channel, without the need for processor intervention 
in setting up the channel. 
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8005 
Advanced EDLC 

User's Guide 

Introduction 
Ethernet was developed by the Palo Alto 
Research Center (PARC) of the Xerox Corpora­
tion. The first network was implemented in 1975, 
as a result of a joint effort by Stanford University 
and PARCo Over the years, it was proven to be reli­
able and efficient in a wide variety of network 
applications. As a result of that success, it 
became the first industry standard protocol for 
LANs, supported internationally by computer 
manufacturers in the United States and Europe. 

The network allows equal access by all nodes, 
can support upwards of 1000 nodes, and can 
operate with a coaxial cable length in excess of 
500 meters. Ethernet is easy to realize, due in 
large part to currently available LSI chips which 
implement it. 

In 1980 the Institute of Electrical and Electronics 
Engineers (IEEE) sponsored a committee to 
review, document, and publish this protocol as an 
international industry standard. After three years 
of review and refinemen~ this specification has 
been published by the IEEE press underthetitle, 
"ANSI/IEEE 802. 3-1985 CSMNCD Local Area 
Network Standard Protocol". The medium access 
method is described by the abbreviation CSMN 
CD, or Carrier Sense, Multiple Access with Colli­
sion Detection. 

CSMA/CD: Carrier Sense, Multiple Access with 
Collision Detection 

Carrier Sense 

All nodes on the network can detect all Signals 
transmitted from any source. A node is any con­
nection to the coaxial cable via transceiver, 
shown in Figure 1. 

The transceiver makes a connection to the cable 
via connectors or has barbs to pierce the cable 
and establish an electrical connection when a 
screw or bolt is tightened. The transceiver pro­
vides collision detection, electrical isolation and 
voltage level translation between the system at 
the node and the cable carrying data. 

Multiple Access 

All nodes have equal access to the network 
There is no priority assigned to any node. Also, 
there is no central control, nor is there any token 
paSSing. Any given node may transmit if the net­
work is not already busy. If two or more nodes 
transmit at the same time, a collision occurs. 

Figure 1. 
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Collision Detection 

All nodes can detect a collision by monitoring the 
medium. When a collision occurs, the transmitting 
nodes jointly decide which node will retransmit 
first by a technique known as truncated binary 
exponential backoff, which provides for a random 
timeout at each node before each retransmit 
attempt. 

Ethernet Data Format 
Data is formatted and transmitted in "packets" or 
"frames", as shown in Figure 2. These frames 
begin with a preamble for synchronization, and 
end with a CRC field for error detection. In 
between, the frame has destination and source 
addresses, a byte count field, and a data field. This 
data field contains from 46 to 1500 bytes of infor­
mation which is passed to a higher layer of 
software for processing. It is transparent to the 
media access layer of Ethernet, and may contain 
any arbitrary sequence of bytes. 

Total frame length is 72 to 1526 bytes, including 
preamble (8 bytes), and frame check sequence 
(4 bytes). 

DESTINATION SOURCE 

The signaling method used in Ethernet is base­
band Manchester code, transmitted at 10 
Megabits per second. Manchester code is such 
that each bit is defined by a transition at its mid-bit 
point: a ONE is encoded as a high going signal 
and a ZERO is a low going signal. Thus, the data is 
said to be self clocked. This technique provides a 
continuous supply of bit framing information for 
the receiver, since the transmitted signal is never 
static for more than one bit time. 

Addressing Scheme 

An Ethernet address contains six bytes to define 
a station address. This allows for over 140 trillion 
unique addresses. The 48th bit in the address is 
reserved to indicate a broadcast or multicast 
address. Xerox Corporation controls issuing 
addresses for Ethernet. As a system manufac­
turer, you receive your block of addresses when 
you receive a license. It is necessary to assign a 
unique address for each product that com­
municates on Ethernet. 

BYTE DATA FRAME 
PREAMBLE (8) 

ADDRESS (6) ADDRESS (6) COUNT(2) (46-1500) CHECK SEQ 
'(4) 

STATION ADDRESS 

[

REGISTER BIT 0 

STATION ADDRESS I REGISTER BIT 7 

BYTE 0 ~ BYTE 1 

PREAMBLE I ~ ... A7 ~HA15 I :~ A40 ... A47 SOURCE ADDRESS 

Figure 2. Ethernet frame format. Numbers in parentheses indicate the length of each field. Bits 
within a byte are transmitted and received LSB first and MSB last. 
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Direct Memory Access System Interface 
There are two basic DMA techniques for interfac­
ing the network to the system bus. The first, in 
Figure 3a, uses DMA to transfer data directly bet­
ween the Ethernet controller and the system 
memory. In Figure3b, a temporary buffer memory 
intervenes between the system memory and the 
controller chip. This buffer eliminates the need to 
service LAN traffic in real-time. 

Why a Local Buffer? 

Consider the first approach, where no local buffer 
is used at the node. Since the LAN data rate is 10 
Megabits per second, the D MA controller must be 
capable of handling system data at a minimum of 
1.25 Megabytes per second. If the controller can­
not operate at this rate continuously, LAN data 
will be lost. Additionally, if the system is to support 
loopback diagnostics, both transmit and receive 
must operate Simultaneously, together transferring 
2.5 Megabytes per second. Clearly, a garden 
variety DMA controller will not get the job done. 
Particular attention must be paid to how long it 
takes the controller to acquire the system bus. If 
too long, Ethernet data will be lost. 

Collision Effects 

Collisions normally occur during transmission of 
the first 64 bytes of data. If packets are retrieved 
via DMA from system memory, when a collision 

SYSTEM 
MEMORY 

PROCESSOR 

Figure 38. 

SYSTEM 
BUS 

ETHERNET 
CONTROLLER 

occurs these 64 bytes must be retransmitted. 
This is an inefficient use of bus bandwidth. 

An Ethernet Controller is a True Asynchronous 
Peripheral 

Prudent system design calls for buffering any 
peripherals which are asynchronous in nature. 
Buffering makes the resource much more 
manageable at the system level. 

Implementing a Local Buffer 

Most currently available Ethernet controllers 
have a modest buffer built in, usually on the order 
of 16 bytes. This is sometimes adequate to han­
dle system bus acquisition delay, but it does not 
make efficient use of bus bandwidth in three 
important areas: 

1. Collisions during transmit As network traffic 
increases, the probability of a collision increases. 
Each time a collision occurs the Ethernet con­
troller must retransmit from the beginning of the 
packet. The time spent retransmitting due to colli­
sion uses bus bandwidth unnecessarily. 

2. Frame check sequence (CRC) errors after 
receive. Since errors are not detected until after a 
packet has been received, bus bandwidth will be 
wasted when receiving packets with errors. 

SYSTEM 
MEMORY 

PROCESSOR 

Figure 3b. 

SYSTEM 
BUS 

DUAL-PORT 
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3. A significant number of receive packets are 
minimum size (64 bytes) yet contain much less 
than 64 bytes of information. For example, packet 
acknowledgments contain less than 20 bytes of 
information and are padded to the 64 byte 
minimum required. Transfer of these pad bytes 
over the system bus cannot be avoided without 
some large local buffer. 

Supplementing the Controller Buffer 

RAM can be added to the Ethernet board to add to 
the modest buffer already on the controller chip. 
Figures 4a and 4b show two possible ways. 

The buffer should be at least 1514 bytes long. 
Static RAMs were chosen in Figure 4a to avoid 
having to include refresh control circuits in the 
dual port memory control logic. 

The memory control must regulate access to the 
buffer by two buses: the system bus, and the data 
bus from the controller. The SRAMs,are costly. 

If DRAMs are used as in Figure 4b the cost is 
lower but they do require refresh circuitry in the 
memory controller. 

Local Buffering with the 8005 
The 8005 Advanced Ethernet Data Link Con­
troller combines several unique approaches to 
the problem of implementing an Ethernet con­
nection. Look at the design in Figure 5. 

First consider the local buffer: the 8005 is 
designed to work with 64K x4 DRAMs which are 
readily available, and inexpensive. It has on board 
refresh circuitry, and just two DRAM chips pro­
vide 64 Kbytes of local buffer storage. 

The 8005 treats the DRAM in a un'ique fashion: it 
multiplexes both address and data over eight 
lines. This saves on circuit board traces: only 12 
lines are required to interface with the DRAMs, 
compared with 26 lines if static RAMs are used. 

The 8005 also directly supports an address (EE) 
PROM, which allows for storage of the 8005's 
Ethernet address and configuration data 

The 8005 supports six unique station addresses. 
Thus, one physical connection on the Ethernet 
suffices for six logical connections. You could 
make effective use of this feature by, for example, 
connecting six devices to one Ethernet node, and 
controlling access to each device. 

Figure 6 illustrates a cluster controller which ser­
vices three printers and three PCs or terminals, 
and provides access to the Ethernet for the devices. 

The printer controller services the cluster of three 
printers, and a low cost, low speed LAN provides 
coverage for the PCs. This LAN coverage may 
represent a relatively small geographic area, like 
a single corporate department. Note, however, 
that each device has access to the Ethernet, and 
each has a specific Ethernet address. 

Design Examples 
In this section, we'll briefly examine the way in 
which the 8005 can put two popular micro­
processor bus formats on Etherne~ by way of 
using the Intel and the Motorola bus modes built 
into the 8005. Then we'll look in detail at a 
intelligent Ethernet controllerwhich could realis­
tically reside on a PC board, and usurp a minimal 
amount of resources from the system in which it is 
installed. 

The Intel Mode 

Figure 7 shows an implementation of the 8005 in 
an environment using an Intel processor. Note 
that BUSMODE is pulled up, indicating that the 
8005 will produce Intel-compatible output 
signals, and accept inputs from an I ntel bus. Also, 
in this example, we have selected a 16 bit bus, 
since BUSSIZE is high. 

The Motorola Mode 

In Figure 8, the 8005 is configured for use with 
Motorola processors, and the interface fits that 
processor family. BUSMODE is a ZERO, and we 
have specified a 16 bit bus, as before with the 
Intel mode. 

A Board Level Ethernet Controller 
Figure 9 illustrates a design using the I ntel80186 
as a co- processor with the 8005, on the same PC 
board, to implement Ethernet. The80186 isa par­
ticularly good choice for this application, because 
it has an on-chip DMA controller. 

The 80186 has multiplexed address and data 
lines, here shown being demultiplexed by the 
latch. The data bus is buffered by the 74LS245s, 
but these may not be required, depending on the 
fanout required by the specific application. 

The important signals between the two chips are 
the following; refer also to Intel80186 and SEEQ 
8005 data sheets. 

seeQ Technology. Incorporated -------------------------
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Use DREQfromthe8005 into DRQO ofthe80186. 
This is the highest priority DMA request on the 
80186. Since the 80186 has no explicit DMA ack­
nowledgment signal, you need to use the 
peripheral chip select signal: PCS1 is used as the 
DMA acknowledge, and PCSO is the 8005 CS 
(chipselect). The80051NTerrupt is connected to 
the 80186 INTO, and lACK of the 8005 is pulled 
up, since the 80186 does not provide for its use. 

The RDY line of the 8005 is connected to the 
ARDY (asynchronous ready), since the two chips 
are each running off their own clocks. At the 
80186, pull up SRDY (synchronous ready). 

The 80186 does not provide a terminal count out­
put, as do many other DMA controllers, to indicate 
to the 8005 to drop its DMA request. Therefore, 
whenthe80186 TerminalCount Interrupt occurs, 
software must disable the DMA request in the 
8005 by setting bit 11 in the command register. 

seeQ Technology. Incorporated ' 

Other Support Circuits 

The 8005 supports a PROM, shown here as a 
2804A E2 PROM. The PROM is used primarily to 
store its Ethernet address and configuration 
data, but other convenient data may be stored 
there too. 

The 8005 supports the TI TMS 4464 DRAMs (or 
equivalent) with a minimum of PC board circuit 
traces by multiplexing both address and data 
lines to the DRAMs. Two DRAM chips provide an 
ample 64 Kbytes of Packet Buffer storage. The 
8005 allows you to partition this buffer into 
receive and transmit areas of your own choice. 

Finally, the diode RC network provides a power 
on reset pulse (minimum 10 microseconds wide) 
for both the 8005 and 80186. 
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local Packet Buffer. 

The 8005 in Non Ethernet Applications 
The Ethernet, because of its simplicity and high 
speed, is often used in smaller physical con­
figurations than those for which it was originally 
intended. Applications include communications 
between processors in a large parallel process­
ing engine. 

The 8005, because of its configurability, can be 
"trimmed down" for use in networks which need 
not strictly follow the Ethernet format 

The Ethernet address is six bytes long. The 8005 
may be configured to accept just a 2 byte address, 
saving four bytes per address in a packet Since 
there are two address fields per packet (destina­
tion and source), eight bytes are saved. 

Ethernet specifies a minimum "slot time" of 51.2 
microseconds. This represents the time required 
for one round trip of a packet on a maximum 

length cable, and is required for reliable collision 
detection. The 8005 may be configured for a slot 
time of 12 microseconds, which shortens waiting 
time after a collision. Additionally, when you 
select the shorter slot time, the 8005 
automatically reduces the Collision Jam Pattern 
from 8 to two bytes, and reduces the interframe 
spacing from 9.6 to 2.4 microseconds. 

Refer to the 8005 data sheet for more detail on 
selecting these optional parameters. 

Configuring the 8005 
This step is required following hardware reset or 
software reset. Note that a hardware reset must 
be provided following power on. Following reset, 
allow 10 microseconds after the reset before 
attempting access to the part. 

seeQ Technology, Incorporated ---------------------------
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Configuring includes loading the Ethernet sta­
tion address(es), selecting transmit and receive 

. packet buffer size and defining interrupt con­
ditions and an optional interrupt vector. 

All this information may be stored in a PROM on 
the same PC board as the 8005. This allows the 
assigned Ethernet station address(es) to travel 
with the board. 

Register Architecture 

The general approach to initializing the 8005 
consists of reading information from the PROM 
into system Ri6tM and writing it back into several 
registers inside the chip. See Figure 10, which 
depicts the Register Model of the 8005. 

There are nine 16-bit registers which are directly 
accessable by using the signals Chip Select, I/O 
read, I/O write and A1 through A3. There are also 
four registers which are selected by the buffer 
window code bits and accessed indirectly 
through the buffer window register. 

In the discussion below, note that the 8005 has 
been configured for a 16 bit bus. Input Ao (pin 54) 
is ignored when in 16 bit mode, and is shown as a 
"Don't Care" (X). In 8 bit mode, Ao selects the low 
order byte when a ZERO, and the high order byte 
when a ONE. 

Reading the Address (EE) PROM 
After reset, if you are using a local Address PROM, 
write that location to the DMA Address Register 
which points to the first configuration byte in the 
PROM. Select access to the Address PROM by 
writing 0006 tothe BufferCode Bits in Configura­
tion Register # 1. The 8005 will then drive the chip 
enable line of the PROM via APEN (pin 10) for 
each Read or Write to the Buffer Window Regis­
ter. When all configuration and station address 
bytes have been moved into system RAM, the 
next step is to write them into the 8005. 

Loading Indirect Registers 

Indirect registers are selected by the buffer code 
in Configuration Register #1 and accessed 
through the buffer window register. All indirect 
registers are 8 bits wide and therefore only use 
data bits Do-D7. 

Station Address Registers 

To load the station address registers, select the 
desired station address register set by writing a 

value from 0000 to 0005 to Configuration Regis­
ter#1. Then write the appropriate 6 byte address 
to the buffer window register, one byte at a time, 
with the most significant byte first, and the least 
significant byte last. Each write automatically 
increments an internal pOinterregistertothe next 
byte of the station address. Repeat this process 
until you have loaded all desired station 
address registers. 

Specify Transmit Buffer Size 

Write a 0007 to Configuration Register #1 to 
select the Transmit End Area register. Write an 8 
bit value to the Buffer Window register which 
specifies the most significant byte of the last 
address in the Transmit Buffer space. 

For example, to define space for four packets, 
each 1514 bytes long: 

1514 X 4 = 6056 bytes for data 
4 X 4 = 16 bytes for header 

6072 bytes required; 

6072/256 = 23+, or hex 0017 

Thus, wewouldwrite hex0017 tothetransmitend 
area register. This also sets the receive buffer 
area, by default, to start at hex 1800, which 
leaves 58 Kbytes (hex FFFF minus hex 1800) for 
receive packets. 

If interrupts will be enabled and an interrupt vec­
tor is required, write a 9 into Configuration Regis­
ter # 1 to select the I nterrupt Vector Register, and 
then write the 8 bit interrupt vector into the Buffer 
Window Register. 

Specify Receive Buffer Size 

Write an 8 bit value into the least significant byte 
of the Receive End Area Register to specify the 
most significant byte ofthe last buffer address for 
receive packets. This would normally be hex FF if 
the rest of the local buffer is to be used for 
received frames. 

Loading Direct Access Registers 
Initialize Transmit Pointer Register 

Write 0000 to this register. 

Configuration Register #1 

Loading this register defines receiver match 
modes, enables station address register sets and 
sets up DMA burst interval and size. Access this 
register by setting A3-Ao to 001 X 
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I 
seeQ~~~~~~~~~-.---------------------------------

8·39 



Configuration Register #2 

Following reset, this register is configured for 
IEEE 802.3 compatible network interface. It con­
tains bits to select non-IEEE 802.3 network 
operation, diagnostic modes (CRC enable/ 
disable for both receive and transmit), enable 
receiving packets with errors (short frames, 
dribble errors, CRC errors, overflow errors), select 
byte order for 1 6 bit bus and enable automatic 
receive end area update. 

Initialize Receive Pointer Register 

Load this register with the same value as the 
Receive Start Area (16 bit Transmit End Are.a 
address plus hex 0100). Save this value, since it 
pOints to the first byte of the next packet header, 
and you will need it to find the next received 
packet 

In the example above, the Transmit End Area 
address was hex 17FF. Therefore, the Receive 
Pointer Register should be loaded with hex 1800. 

Initialize DMA Address Register 

If no packets are to be loaded into the transmit 
area, load this register with the contents of the 
Receive Pointer Register. 

Command/Status Register 

Set RXON (bit 9), and, if desired, Rx INT Enabl (bit 
1) to ONEs. If you are not using interrupts, you 
may poll Rx INT (bit 5) to see if a frame has 
been received. 

Transmitting a Frame 
This discussion assumes that the system is con­
nected to an IEEE 802.3 compatible network. The 
contents of a Transmit frame have no meaning to 
the Packet Buffer Controller and the Ethernet 
Data Link Controller circuitry, and can bearbit­
rary in length and content. As discussed above, 
transmission of the Preamble and CRC (frame 
check sequence) can be suppressed under 
software control for specialized network 
requirements or diagnostic tests. 

After you have gone through the configuring as 
outlined above, the 8005 is ready to receive or 
transmit frames. Refer to Figure 2 and recall that 
a frame consists of from 64 to 1514 bytes, which 
includes a 6 byte destination address, a 6 byte 
source address, and an area fordata all of which is 
supplied by your system software. The entire 
frame has a prefix containing a 62 bit preamble 

seeQ Technology. Incorporated 
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(which synchronizes the phase-locked-loop in 
the Manchester Code Converter with respect to 
the received packet), and a 2 bit start frame 
delimiter. Following the data field there is a4 byte 
frame check sequence. All of the components of 
the prefix and the CRC are supplied by the 8005. 

A packet is prepared for transmission by writing 
into the Transmit Buffer Area a 4 byte header, 
followed by the destination address, the source 
address, and finally the data field. Refer to 
Figure 11. You may choose to do this via pro­
grammed I/O, or via an external DMA controller. 
Frames may be chained together up to the 
capacity of the available Transmit Buffer Area by 
using the Next Packet Pointer (first two bytes) 
and the Chain Continue bit (bit 6) in the Transmit 
Header Command byte. 

SET FIFO TO WRITE 
DIRECTION 

LOADING TRANSMIT PACKETS INTO 
LOCAL BUFFER PROGRAMMED I/O 

Figure 12. Loading Transmit Packets into 
the local Buffer, under Programmed 1/0 
conditions. Note that, if you change the 
direction of the DMA FIFO, or load the DMA 
Pointer Register, you will lose any data 
stored in the FIFO. 

seeQ Technology, Incorporated 

Refer to Figure 12. Read the Status Register to 
see ifthe DMA FIFO direction isset to write tothe 
Packet Buffer(bit 15 cleared). If it is and the DMA 
register is not going to be loaded with a new value 
then data can be written immediately. If the DMA 
register is to be changed, then check to ensure 
that the FI FO is empty(Status Register bit 4 set). If 
the FI FO is not empty, continue testing bit 14 until 
the FIFO is empty. If you change the FIFO direc­
tion or write to the DMA Register, FIFO contents 
will be cleared. 

If necessary, load the DMA Register with the 
address for the first byte of the Packet Header, 
and write Packet Header and data into the FIFO. 
The first Packet Headeraddress is normallyOOOO. 

SET DMA INTERRUPT 
ACKNOWLEDGE BIT 

SET FIFO TO WRITE 
DIRECTION 

DMA INTERRUPT 

LOADING TRANSMIT PACKETS INTO LOCAL 
BUFFER DMA TRANSFER WITH INTERRUPT 

Figure 13. Loading Transmit Packets into 
the Local Buffer under DMA transfer, using 
Interrupt. 
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Figure 13 depicts the same operation, only under 
DMA control, After you set up the system DMA 
controller, set DMA ON (Command Register, bit 
8), and DMA Interrupt Enable (Command Regis­
ter, bit 0), if desired. The former enables the DMA 
request logic, and the lattercausesan interruptto 
be generated at the completion of a D MA opera­
tion Le., when terminal count has been input. 

After a" of the packets in a given chain have been 
written into the Transmit Buffer Area, load the 
Transmit Pointer Register with the address of the 
first byte of the first transmit packet header, set 
T XON (bit 10) and, optionally, T xlNTEnabl (bit 2) to 
ONEs in the Command/Status Register. 

The 8005 wi" then read the first header, which is 
pointed to by the Transmit Pointer Register, and 
process that packet, and a" additional packets in 
the packet chain in turn. Any retransmission of a 
packet due to a collision wi" be automatically 
handled by the 8005, thus relieving your system 
from having to transfer that packet of data more 
than once. 

When a packet has been successfully transmit­
ted (or 16 collisions occur), the Done bit (bit 7) in 
the transmit header status byte wi" be set to a 
ONE. The Transmit Buffer Area occupied by that 
packet is now available for another packet, and 
may be written to at the same time as subsequent 
packets are being transmitted. The 8005 will 
move to the next packet in the chain. 

When a" packets in a chain have been completed 
(transmitted successfully or collided 16 times), 
the 8005 resets T XON (bit 10) in the status regis­
ter to indicate that it is ready to transmit another 
packet chain. If 16 collisions occur on a packet, 
the 8005 stops transmission attempts for that 
packet only and moves to the next packet in the 
chain, if one exists. In the example in Figure 11, 
bits 2 and 3 are ON in the transmit header cOm­
mand byte which will cause the 8005 to set the 
transmit interrupt bit in the status register and, if 
enabled, interrupt the processor when 16 
collisions occur or the transm ission is successful. 

The last packet in the chain is denoted by having 
the Chain Continue bit cleared to a ZERO. The 
Next Packet Pointer points to the address fo"ow­
ing the last byte of the last packet. 

You may treat the transmit packet buffer in one of 
two ways: 

1. As a circular buffer with wraparound, where you 
remember the address to load new packet 

headers and packet data. The DMA register 
automatically wraps around to address 0 when 
the transmit end area has been reached. 

2. As a linear buffer, where you reset the transmit 
pointer to 0000 after each packet chain 
transm ission. 

Receiving Frames 

Once the 8005 has been configured and the 
receiver enabled, frames which meet the match 
mode and station address requirements 
specified in Configuration Register #1 and the 
enable bits 2 - 5 in Configuration Register #2 wi" 
be moved into the Receive Buffer Area beginning 
at the address contained in the Receive 
Pointer Register. 

When one or more packets are available in the 
receive area, the 8005 sets Rx Interrupt (bit 5) in 
the Command/Status Register to a ONE. If 
receive interrupts are enabled. (Command Regis­
ter bit 1 set), then the external interrupt (pin 11) is 
asserted. Frame header and data can now be 
read by loading the DMA Register with the start­
ing address of the Packet Header and executing 
successive reads. If Auto Updat REA (bit 1 of Con­
figuration Register #2) is set, the Receive End 
Area Registerwi" be updated with the upper byte 
of the DMA registereach timea DMA read occurs. 
This releases buffer space as its contents are 
read, and allows forthe receipt of more data atthe 
same time as data is being read out. 

The action taken on a receive packet depends on 
the status of the packet and its contents. If the 
packet status is bad, it may be skipped entirely 
without transferring any of its data to system 
memory by loading the Receive End Area Register 
with the most significant byte of the next packet 
pointer. This wi" release the buffer space of the 
previous packet for future packets. I n like fashion, 
if the packet data shows it to be an "overhead" 
packet( such as a Packet Acknowledgement), this 
can be so noted in network software and the packet 
skipped. Thus, unnecessary transfer of the packet 
over the system bus can be avoided, and system 
bandwidth preserved. If the packet data must be 
processed, just the information portion of a packet 
(exclusive of any bytes used to pad the packet to a 
minimum size) can be read to system memory by 
programmed I/O orbyan external DMAcontro"er. 
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Receive Packet Chaining 

The B005 automatically chains together receive 
packets using a circular FIFO buffer structure. 
Each packet is prefaced by a 4 byte header 
whose first two bytes form a 16 bit address that 
points to the next header. A chain of packets 
always ends with a header-only packet whose 4 
bytes equal 00. The address of this header-only 
packet should be saved, since it will contain the 
header of the next packet received. It is a simple 
matter to follow the packet chain from header to 
header until the chain Continue/End bit is read as 
a ZERO, calculate the length of the chain and set 
up the DMA Register and an external DMA con­
troller to transfer the entire chain of packets to 
system memory if desired. This is advisable in 
applications where high average receive data 
rates are expected and data must be moved quickly 
from the local buffer to the system memory at the 
expense of bus bandwidth. To minimize system 
bus utilization, packets can be moved one at a 
time; this permits moving only the information 
content of a packet. 

Calculating Packet Chain Length 

In order to perform aDMA transfer, you need to 
give the DMA controller the "count"; i.e., how 
many bytes (or words, in a 16 bit system) will be 
transferred. To do that, you need to calculate how 
many bytes are available in the Packet Buffer as a 
result of receive activity. 

Refer to Figure 17. This flow chart illustrates the 
steps required to calculate the length of the 
packet chain. 

The first step requires that you know the Packet 
Buffer address of the last packet header read in 
the most previous receipt of Ethernet data. If the 
B005 has just been initialized, the address is the 
beginning of the Receive Packet Buffer which 
was determined earlier in this note (hex 1 BOO). If 
packets have been previously been read this 
address will be the location of the header last 
read that had the chain continue/end bit reset. 

The next step, referring to Figure 17, is to turn off 
the Auto Updat REA (Configuration Register #2, 
bit 1). This insures that the B005 will not use the 
area occupied by this packet chain for new 
receive data. 

Read each Packet Pointer in turn, and then read 
the Header Status byte immediately after the 
Pointer, which is Byte #3. Bit 6 of Byte #3 isthe 

Chain Continue bit. Continue reading this bit in 
each packet header until this bit goes to ZERO. 
This Signals the end of the chain. Save the local 
buffer address of the first byte of this last header 
as this is the address of the header for the next 
packet received. Subtract the address of the first 
header in the chain from this address. If the result 
is a positive number, you have the chain length 
directly. 

If the result is negative it denotes that the 
Receive Pointer Register has wrapped around 
past the beginning address of the receive area 
The chain length will be equal to the sum of the 
receive buffer size plus the value (including sign) 
of this result. You already know the buffer size, 
since you defined it during configuration of the 
B005: hex FFFF minus the receive start address 
(defined during configuration) plus 1. Forthe pre­
vious example, the buffer length is hex EBOO 
(FFFF - 1BOO + 1). Load the chain length into the 
DMA controller, and set Auto Updat REA. You are 
now ready to read data out of the receive buffer 
and into system memory. 

There are two ways to read Packets out of the 
Local Buffer: 

1. Via programmed I/O. 
2. Via DMA transfer. 

The front end portion of each procedure is the 
same: first, check to see if the FI FO is empty; then 
set it to Read. If the FIFO is not empty, check to 
see if it is in the Write direction. If not, load the 
DMA Registerwith theaddressofthe next Packet 
Header. If this is the first Packet to be read, this 
address will be that which was derived when you 
defined the Transmit Buffer size during con­
figuration of the B005. 

Reading Packets Using Programmed I/O 

The data path between the local buffer and the 
host bus is buffered by a 16 byte FI FO called the 
DMA FI FO. It serves as a rate buffer between the 
host and the local buffer, especially for 16-bit data 
transfers. Because the local buffer is a shared 
resource (there are 4 ports including the DRAM 
refresh port), the initial read from the buffer 
window which follows loading the DMA register 
may take eight microseconds worst case. The 
B005 signals this delay by deasserting Ready (if 
Busmode=1) ordelaying DTAcK(if Busmode=O).lf 
this initial read wait state is unacceptable, then 
the buffer window interrupt feature can be used. 
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The buffer window interrupt is asserted for pro­
grammed I/O reads (not DMA reads) when the 
DMA FIFO has data available. 

Under Programmed I/O control (see Figure 14), 
after you load the DMA Register, read Status 
Register bit 7, Buffer Window Interrupt or wait for 
a hardware Buffer Window Interrupt if it is 
enabled. When the interrupt is asserted, read 
Packet Header and data out of the receive FIFO, 
via the Buffer Window, until all bytes have 
been transferred. 

Reading Packets Using DMA 

The second approach is by DMA transfer. See 
Figure 15. After loading the DMA Register, load 
the system DMA controller with the destination 
address in system memory, and the previously 

READING A PACKET FROM LOCAL 
BUFFER PROGRAMMED I/O 

Figure 14. Reading Packets out of the FIFO 
using the Programmed 1/0 procedure. 
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calculated packet chain length. Then set DMA 
ON (bit 8 in the Command Register). This enables 
the DMA Request logic inside the 8005. 
Optionally, set DMA Interrupt Enable, which will 
cause an Interrupt to be generated when the 
DMA controller has asserted Terminal Count. The 
DMA Request output signal will be asserted when 
there are a sufficient number of bytes in the DMA 
FIFO to satisfy the DMA Burst Size (2,4,8, or 16 
bytes) which you selected earlier when configur­
ing the 8005. 

Interrupts 

There are several interrupt sources in the 8005. 
This section describes these interrupts and how 
to service them. For this discussion, refer to 
Figure 18. 

SET DMA INTERRUPT 
ACKNOWLEDGE BIT DMA INTERRUPT 

READING A PACKET FROM LOCAL BUFFER 
DMA TRANSFER WITH INTERRUPT 

Figure 15. Reading the Local Buffer under 
DMA control. 
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Transmit Interrupts 

There are four transmit interrupt sources in the 
8005; Babble, Collision, 16 Collisions, and 
Transmit Success. Each of these can set the 
transmit interrupt bit in the status register if so 
programmed in the transmit header command 
byte. If Tx Interrupt Enable (Command Register 
bit 2) is set, the 8005 will also assert an interrupt 
on pin 11. The transmit interrupt is cleared by 
setting T XINTACK (bit 6) in the command register. 

Babble Interrupt 

The 8005 will transmit paCkal:3 as large as will fit 
in the transmit buffer. The In.=e 802.3 standard 

BUFFER WINDOW INT. 

READING A PACKET FROM LOCAL BUFFER 
USING BUFFER WINDOW INTERRUPT 

Figure 16. Reading a Packet from the local 
Packet Buffer using the Buffer Window 
Interrupt approach. 
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specifies a maximum packet size of 1514 bytes. 
The babble interrupt indicates that a packet 
larger than 1514 bytes was transm itted. 

Collision Interrupt 

When a packet collision occurs, the 8005 packet 
buffer controller automatically restores Its 
transmit pOinter to the beginning of ttie packet 
and schedules retransmission following the back­
off time. In some applications it may be desirable 
to record the number of collisions that occur. This 
bit enables setting the T XINT bit in the status regis­
ter for each collision. 

CHAIN LENGTH = 
BUFFER SIZE + 

RESULT 

Figure 17. The steps necessary to calculate 
the length of a Packet Chain. You need to 
save the address of the last he"der In the 
last packet read, In order to perform the 
calculation. 
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Figure 17a. Example of two receive packets 
in a packet chain .with .wraparound.' 
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16 Collisions Interrupt 

The 8005 counts,the number of collisions that 
occur on each packet. If a packet has collided 16 
times, the usual cause is a network fault such as 
an unterminated coaxial cable or an open in the 
cable. This interrupt notifies the host that a packet 
has collided 16 times, and the packet buffer con­
trollerwill now abandon transmit attemptsforthat 
packet and move on to the next packet in the 
chain if one exists. 

Transmit Successful Interrupt 

This interrupt indicates that a packet was suc­
cessfully transmitted with less than 16 collisions. 

Receive Interrupts 

The 8005 sets the receive interrupt bit (status 
register bit 5) whenever a packet that meets the 
criteria in bits 2 - 5 of Configuration Register #2 
has been placed in the local buffer. It will remain 
set and, if the receive interrupt enable bit is also 
set, the external interrupt will remain asserted 
until the receive interrupt acknowledge bit is set. 
If a separate interrupt for each packet is desired, 
the receive interrupt should be acknowledged 
within 70 microseconds, which is the minimum 
time for receipt of a subsequent 64 byte packet If 
more than 70 microseconds elapses before 
acknowledging a receive interrupt, it is possible 
for additional packets to be added to the 
packet chain. 

The 8005 protects the receive interrupt condition 
such that if a new interrupt is being generated 
while the host is setting the receive interrupt 
acknowledge, the receive interrupt will persist. If, 
however, a new frame is received after the 
interrupt acknowledge and before the calcula­
tion of the packet chain length, the packet chain 
which is read will include the new packet 
associated with the new interrupt. The new 
interrupt, when serviced, will now be associated 
with an empty packet since it was part of the pre­
vious chain. 

DMA Interrupts 

The DMA interrupt bit in the status register is set 
following receipt of terminal count from the 
external DMA controller. If the DMA interrupt 
enable bit (com mand register bit #0) is also set, an 
external interrupt will be asserted. The interrupt 
is cleared by writing a 1 to th~ DMA interrupt 
acknowledge bit. 
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COMMAND 
REGISTER 

STATUS 
REGISTER 

Tx INT. ACK 

Rx INT. ACK 
COMMAND COMMAND 
REGISTER REGISTER 

BUF. WINDOW DMA INT. ACK 
INT.ACK 

Figure 18. Functional diagram of interrupt logic. 

Self-Test and Network Diagnostics 

The 8005 contains a number of special features 
for self-test and network diagnostic support. 

Loopback 

Two forms of loopback are possible with the 
8005. Localloopback is accomplished when the 
8005 is con nected to an 8020 Manchester Code 
Converter. When bit 11 of Configuration Register 
#2 is set, the loopback pin of the 8020 will be 
brought low. This causes transmitted data to be 
looped back to the receiver of the 8020. If the! 
packet transmitted meets the match mode and is 
addressed to one of the 8005's enabled station 
addresses, it wi" be received and placed in the 
local buffer. Using diagnostic control bits 9 and 1 0 
in Configuration Register #2, it is possible to 
transmit packets with CRC errors to check the 
receive CRC logic, and to include th~ CRC in a 
receive packet to check the transmit CRC logic. 
Loopback can also be accomplished by connect­
ing the 8020 to an Ethernet transceiver. Because 
the network is half-duplex, any data transmitted 
wi" also be received. Thus the same loopback test 
as above can be performed while the network is 
active by simply sending a packet to oneself. 

Interrupts 

The 8005 has separate control bits for turning on 
an off the receive logic, transmit logic and DMA 
logic. The interrupts for these functions can be 
tested without actually performing the function 
by setting both the on and off control bits 
simultaneously. For example, if the receive 
interrupt logic is to be tested set both RXON and 
RxOFF bits in the command register. This wi" 
cause the receive interrupt bit in the status regis­
terto besetand, if the receive interrupt enable bit 
is also set, wi" cause an external interrupt. This 
mode has no effect on any logic other than the 
interrupt logic and associated status register bit, 
i.e., packets can be transmitted and received 
while this diagnostic mode is set. 

Detecting Network Cable Faults 

It is possible to make a gross determination of 
cable faults by taking advantage of the fu"-duplex 
nature of the 8005: although it wi" not transmit 
while receiving (that would violate the Ethernet 
specification), it does receive while transmitting, 
as long as the packet destination address fits the 
receiver match mode. 
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Cable Opens/Missing Terminator 

An open coaxial cable or a missing cable ter­
minator results in the transmission line being ter­
minated in an infinite impedance. Thus, any data 
transmitted will be reflected back from the 
impedance mismatch some time delay after it is 
transmitted. This time delay depends on the 
physical distance to the impedance mismatch, so 
the length of the packet must be large enough to 
insure that data are stili being transmitted after 
one round trip propagation delay to the mis­
match. A 256 byte packet should be an adequate 
size. The reflected signal will partially cancel the 
transmitted signal and cause a collision to be 
detected by the transceiver. Thus an open i~ 
indicated by repeated collisions when transmit­
ting a packet or, ifthe network is known to be quiet­
(no other nodes active), a single collision when 
transmitting. It is also possible to make a rough 

determination of where the fault is by enabling 
receipt of packets with errors (Configuration 
Register#2 bits3- 5) and then counting the num­
ber of bytes correctly received. Note that if the 
cable open is very close to the transmitting node, 
the collision may occur during the preamble and 
the 8005 would unconditionally reject the 
receive packet 

Cable Shorts 

A shorted coaxial cable causes premature loss of 
carrier sense to the receiver of the 8005 while it is 
transmitting. It is therefore possible to send a 
packet of at least 256 bytes to oneself with the 
receiver enabled to accept frames with errors. A 
cable short results in a truncated receive packet; 
the size of the receive packet indicates the rough 
distance to the cable short. 
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EEPROM Interfacing 

Introduction 

The continuing rapid evolution in semiconductor 
E2ROM memory device technology offers the system 
designer an ever-increasing choice of function and 
capability. With these increasing choices for E2ROM 
devices, however, comes the problem of standardiza­
tion (or lack thereof) concerning such specifications as 
endurance, timing characteristics, interface require­
ments, ad infinitum. Today, there are two popular types 
of commercially available E2ROM devices. 

Both of these types of devices have the JEDEC­
approved pinout shown in Figure 1, including the 
multi-functional pin 1, but differ in the timing of the 
control interface. The first E2ROM type, the latched 
type device, such as SEEQ's 52B33 latches the ad­
dresses, control, and data inputs on the falling edge 
of WRITE ENABLE (WE). For this type device, the 
WE input must remain active low for the duration of 
the write cycle. The second type of E2ROM, the timer­
type device, latches addresses, data, and control sig­
nals on the rising edge of WRITE ENABLE or the 
rising edge of CHIP ENABLE (CE). For the timer 
device, such as SEEQ's 2864 the WE input need not 
be held low for the entire write cycle. The primary 
difference between the latched and timer devices is 
the control timing required to interface to the micro­
processor. Each of these types of devices has advan­
tages depending on system performance and config­
uration requirements. 

LATCHED 
SEEQ 52833 

cc 28 

A'2 , " 
A, J " A, " 
As , 

" 
A. , 

" 

Vee 
WE 
N/C 
As 
Ag 

Al1 

:~ : 64K:: ~ 
A,' "CE 

TIMER 
SEEQ 2864 

MF' 28 Vee 

A12' "WE 
A, J "N/C 
As 4 25 A8 
As 5 24 As 
A4 6 23 An 

:~ : 64K:: ~ 
A" "CE 
Ao 10 19 II0a 

110,,, ,. 1/07 

1/02 " " 1/06 
1/03 13 H. 1/05 

GND " " 110. 

Figure 1. JEDEC Pinout - 64K E2ROMs 

When the designer attempts to use the advantages of 
both in the same system, a problem is encountered. 

One of the most frustrating problems facing a system 
designer is the design of an E2ROM/microprocessor 
interface that will allow compatible operation of timer 
and latched type E2ROM devices in the micro­
processor-based system. The purpose of this 
application note is to give examples of cost-effective 
designs of E2ROM/microprocessor interfaces, which 
allow the use of both timer and latched E2ROM devices 
in the system with no changes required to either the 
controlling software or the hardware. With the inter­
faces shown in this application note, it is possible to 
operate with BOTH latched and timer devices simul­
taneously in the system if the device access times are 
compatible. 

The microprocessor interfaces described in this appli­
cation note are for the 8085, 8086, 8088, Z80~ and 
71840. Software examples are provided for the Z80 and 
71840 processors. By extension, the Z80 code is easily 
transportable to 808X processors. In most cases, the 
hardware required for compatibility consists of only two 
additional standard (14-pin) TTL packages. 

It is hoped that these example interfaces will assist the 
system designer in implementing E2ROMs in his sys­
tem. By no means are these special cases presented to 
limit the system designer, but to provide a starting point 
for his design. The interface circuits presented are for 
the family of E2ROM devices (16K, 32K, and 64KL 
Other extensions of the ideas presented may permit 
lower power, lower cost, or optimization of other 
parameters deemed more important. 

The body of this application note consists of two sec­
tions. First, the Basic Operation section gives the 
theory of operation of all of the interfaces and should 
be read to familiarize oneself with those factors com­
mon to all of the microprocessor interfaces. Second, 
the Microprocessor Interface section details the design 
of the TTL interface required for the given micro­
processor. 
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Basic Operation 

Each of the E2ROM microprocessor interfaces de­
scribed in the next section integrates hardware and 
software to achieve compatibility between latched and 
timer E2ROM devices. Naturally, both hardware and 
software are processor-dependent. However, the write 
cycle used is basically the same for all the examples 
shown. 

ADDRESSES 

CE 

DE 

WE------------~--

I/O HIGH Z 

(WRITE) 

I/O HIGH Z 

(ERASE) 

For compatibility between the latched and timer E2ROM 
devices, the interface provides control waveforms that 
have timing compatible with both, since the major dif­
ference between latched and timer E2ROM devices is 
the timing of the write control interface to the micro­
processor (see Introduction). The basic waveforms for 
latched and timer E2ROMs are shown in Figures 2a 
and 2b, respectively. The latched type E2ROM device 
acquires data on the leading edge of WRITE ENABLE 

1+-----ByTE ERASE/WRITE PERIOD-------..L~START OF NEXT MODE 

Figure 2a. Latched E2ROM Write Cycle 

ADDRESS 

CE 

OE 

~-----IWp---------

WE 

HIGHZ 
DATA OUT 

DATA IN DATA VALID 

1--------105 -----~--

Figure 2b. Timer E2ROM Write Cycle 
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(WE), The timer type device acquires data on either the 
trailing edge of WE or the trailing edge of CHIP ENA­
BLE (CE)' Interface compatibility is achieved between 
the latched and timer devices by strobing the data, con­
trol, and addresses on the leading edge of the Write 
Enable pulse for the latched device and then by strob­
ing the data on the trailing edge of CHIP ENABLE for 
the timer device (see Figure 3), By using this technique, 
the hardware interface is greatly simplified. 

The software part of an E2ROM interface is very simple, 
but very important. A read operation for both latched 
and timer E2ROM devices is accomplished by a 
straightforward issuance of a microprocessor Read 

AO·A10 X VALID 

1/01·1/08 ~ VALID 

CE\ I 

~~///J///I 
~/?/JJ;J& 

5~ \\\\\\\\\\ 

WE \ "------II r-----1 
DE IU-

Figure 3. Latched/Timer Compatible E2ROM Write Cycle 

ADDRESSES 

command at a particular address (see Figure 4), A write 
operation, however, involves a more complex process. 

The flow chart for writing to the E2ROM is the same for 
all microprocessors and is shown in Figure 5. After a 
Write command is issued, time is required to allow 
proper writing to the storage cell of the E2ROM device. 
A Read command is then issued to terminate the write 
operation. Note that this Read command is not to be 
used to actually read the E2ROM device, but is inserted 
to reset the logic circuits used to drive the WE input of 
the E2ROM device. 

Between initiation and termination of a write, cycle, the 
interface uses some timing mechanism to assure 
proper write conditions to the E2ROM and to know 
when the E2ROM is available for another read/write 
cycle. The duration of the timeout (twp) depends upon 
the type of E2ROM used. For all ,types, twp should fall 
between the minimum and maximum specifications of 
all E2ROMs for which the application is designed. The 
latched type, of device requires less write time than 
does the timer type device. 

The implementation of this timing can be accomplished 
in either hardware or software. In hardware timing, a 
timer can interrupt the processor at regular intervals, or 
at the end of the desired write time (twP)' In software 
timing, the processor simply counts down, waiting for 
the desired twp. For ease of general implementation, 
the given examples utilize software timing (see Figure 
5), The tradeoffs, however, between software and 
hardware timing comprise an involved topic. The sys­
tem designer must make this decision, considering 
such factors as processor throughput, board space, 
and expense. 

ADDRESSES 
VALID 

f4---- tce-----+J 

OUTPUT ________________ ~~~H~IG~H~Z~------t_t_t_t_~ HIGH Z 

f4------tAcc------.I 

Notes: 1, OE may be delayed up to tACC - tOE after the falling edge of CE without impact on tACC. 
2. tOF is specified from OE or CEo whichever occurs first. 
3. This parameter is periodically sampled. 

Figure 4. E2ROM Read Cycle 
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WRITE ROUTINE WAIT ROUTINE After the cycle described by Figure 5 is complete, the 
E2ROM device is available to be accessed for another 
Read or Write command. Often, another read will be 
performed in order to verify the written data. With the 
solution proposed, this subsequent read cycle will have 
normal timing, and all required write recovery para­
meters will be satisfied. 

The general description provided above applies to most 
of the processors shown in the specific examples 
below. For more detailed information, the reader should 
refer to the schematic, waveforms, and software that 
apply to a specific processor. 

Microprocessor Interfaces 
8085 Interface 

Figure 5. Software Flowchart - E2ROM Write Cycle 

The schematic for the 8085 interface to a timer or 
latched E2ROM device is shown in Figure 6. This inter­
face consists of one each of a 74LS02 and 7 4LS7 4 type 
package and allows the system designer to use the WR 
signal from the 8085 to initiate the write cycle to the 
E2ROM device. The deSign permits use of either a timer 
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Figure 6. 808S/E2ROM Interface 
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OR a latched E2ROM device with no change required 
to the controlling software or hardware. The following 
discussion of the operation of the 8085 interface relies 
on the 8085 timing diagram summary for read and 
write cycles shown in Figures 7a and 7b respectively. 

ClK \ I \ '--------I� 
Aa-A15 X ADDRESS 

ADo-AD7 X ADDRESS ) 

Initiating a write cycle requires the software control 
routine as charted in Figure 5. Should the reader desire 
a specific example, the Z80 code (see Figure 12) is 
transportable to the 8085. 

\'--------11 

x 
)>----«----

ALE J \ ~----------------------~I 
RD/INTA \ '---______ --J/ 

Figure 7a. 8085 Read Timing Summary 

ClK \ / \ I \ I \ I 

As:A15 X ADDRESS X 

ADo·AD7 X ADDRESS X DATA OUT X 

ALE J \ I 
WR \ / 

Figure 7b. 8085 Write Timing Summary 
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The basic write operation waveforms for this interface 
are shown in Figure 8. The write cycle begins with the 
addresses becoming valid and being decoded to drive 
SELECT active low, in order to drive the CHIP 
ENABLE (CE) active low at the E2ROM device pin 
(selecting the desired device) (see ® in Figure 6), An 
active low level on WR from the 8085 (indicating a write 
cycle initiation) allows the WRITE ENABLE latch of the 
interface to be clocked by the next falling edge of the 
8085 clock output (ClK) (see ® ). Addresses, data, 
and control inputs to the latched type E2ROM are 
latched in at the falling edge of WRITE ENABLE (WE) 
- shown as ® in Figure 8. For the timer type E2ROM 
device, however, data is latched on the rising edge of 
CHIP ENABLE (CE) - shown as © in Figure 8. 
Note that CE is held active low for a relatively short 
period of time, while WRITE ENABLE (WE) is held low 

ADO·AD7 

WRITE CYCLE 
INITIATION 

VALID 

DATA 

for the entire write time of the E2ROM device. In this 
manner, the waveforms shown in Figure 3 are pro­
duced, providing signals compatible with both the 
latched and timer type devices. 

To end the write cycle, the 8085 issues a Read com­
mand to the E2ROM device. This read cycle en­
ables the Write Reset latch which in turn presets the 
WRITE ENABLE latch (shown in Figure 6). The preset 
to the WE latch brings WE to VIH (see @ in Figure 
8), As indicated in Figure 8, this read cycle does not 
produce valid data from the E2ROM. This read cycle is 
used merely to terminate the write cycle. 

The latched and timer devices respond identically in a 
read cycle. The 8085 read cycle, shown in Figure 7a, 
produces the read cycle waveforms shown in Figure 4. 

WRITE CYCLE 
TERMINATION 

VALID 

'Ao·A,: ADDRRESS SIGNALS MULTIPLEXED WITH DATA SIGNALS MUST BE DEMULTIPLEXED USING OCTAL LATCHES. 

Figure S, Timing Diagram - SOSS/E2ROM Interface 
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Z80 Interface 

A sample interface is shown for a Z80 processor (see 
Figure 9), The timing diagram for write cycle waveforms 
at this interface is also shown (see Figure 10), The basic 
circuit is very similar to the 8085 interface, with the dif­
ferences based on the fact that the Z80 has data valid 
at both edges of WR (see Figure 11). This simplified 
timing allows a more simple interface. The ClK output 
from the processor is not necessary, and WR alone 
provides timing for the write cycle initiation. 

The operation of the circuit is otherwise very similar to 
the 8085 interface. After addresses are brought valid on 
the address bus, they are decoded to drive SEl active 
low, which drives CE active low at the E2ROM device 
pin (see Figure 9, and ® in Figure 1m. At the falling 
edge of WR (when this device is selected), the WE latch 

is clocKed, bringing WE active low (see ® in Figure 
1 m. At this time, the latched type device latches 
address, data, and control signals, while the timer type 
device latches address and control signals. At the fail­
ing edge of WR, the gating circuitry brin~ CE high , 
latching data for the timer type part (see ® in Figure 
1m. Within a normal processor cycle, a write cycle has 
been initiated with timing in accordance with the gen­
eral approach of Figure 3. Even with additional buffers 
which may be Common in a bus oriented system, this 
interface can be used with a Z80, Z80A, or Z808 oper­
ating with' no wait states at up to 6 MHz clock 
frequency. The individual system designer, of course, 
must check his own application to ensure satisfaction 
of applicable setup and hold requirements in the spe­
cific system for which the application is intended. 

r-~i-~ 

SYSTI!M RESET 

~--____________ -+l~o P Q~ 

I I 

f 

zaD 

,.....:.. _______ ~I C I 

I Y I 
I I 
I 74LS74 I 

~~--------------~------~~-------+I------~-+~---q~ 
I 

;, I 

\VA r>-----~-------. ....... ------------'I~o P QI_+--I__I-__<lI WE 
I I 

All-A15 ....... __ -.y " ...... 

mJiSH IC>----+t 

~t:>---...... 

A 

~rFDl--------,-t---'C:.:::LK::.:W.:....I:-i> Q H---
I ! I ~-;:SD2 I L-t_ J 

~~I--, I 1 !2.2K 

SELECT ~ .JC>'1
1
- ....... --------------t---01 CE 

L.. ______ .J 
DECODi:R 

00-0 7
1
,...--,, ___________________________________________ v,/II/OH/0a 

Ao-Al0 t-------------------------------------------1/1 Ao-Al0 

E2ROM 

~----------~ ~------------~ 

Figure 9. Z80/E2ROM Interface 
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WRITE CYCLE 
INITIATION 

Figure 10. Timing Diagram - E2ROM Interface (Write Cycle) 

The termination of a write cycle is very straightforward. 
As shown in the Basic Operation section (see Figure 5), 
a read operation to the E2ROM terminates the write 
cycle, but does not provide valid data. For the interface 
operation in write cycle termination, the reader should 
refer to Figure 10. The addresses are brought valid on 
the address bus, and are decoded to drive SEL active 
low (see 0 ~Figure~Q). The gating circuitry, how­
ever, inhibits CE, and CE remains at VIH. At the rising 
edge of RD, the flip-flop receives a positive edge 
trigger, and clocks in the SEL signal to preset the WE 
latch. At this pOint, WE is brought high (see @ in Fig­
ure 10), terminating the write cycle. For the remainder 

WRITE CYCLE 
TERMINATION 

of this processor bus cycle, CE becomes valid for a 
short while. However, RD is no longer active low, and 
no valid data is read in this bus cycle. There is no prob­
lem with tWR since the write recovery time occurs 
during the remaining part of this bus cycle. 

Frequently, one may wish to read again from the 
device, in order to verify data written. This read will be a 
normal read, following the general waveforms of Figure 
4. In a read operation, the interface drives CE active low 
to select the device, and RD enables the output from 
the E2ROM device. 
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CLOCK F\ 
AO-A15 X :: VALID ADDRESS :: x= 
MREQ \ / II II 

RD \ 15 Sf I 
READ 

OPERATION 

DO-D7~ ~~~~ : : l~ f 
DATA 

WR ~j )~ 
WRITE 

OPERATION 

DO-D7 ( : ~ DATA OUT >--

Figure 11. Z80 Read and Write Cycle 
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LOC 

0098 
0090 
009E 
OOAl 

00A2 
00A3 
00A4 
OOA? 
00A8 
00A9 
OOAA 
OOAD 

OOAE 

OOAF 

00B2 
00B4 
00B5 
0087 

00B8 
OOBA 
OOBB 
OOBC 
OOBF 
OOCO 
00C3 
00C6 
OOC? 

EEWRZ80.1 
OBJ CODE M STMT SOURCE STATEMENT ASM 5.9 

3EFF 
12 
CDAEOO 
lA 

78 
12 
CDAEOO 
lA 
1A 
88 
C2C800 
C9 

78 

3202CO 

3EO? 
47 
3E06 
4F 

3EOO 
OB 
B8 
C2BAOO 
B9 
C28AOO 
3A02CO 
47 
C9 

175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 

._-------------------------------------, 
Z80 EEROM Write routine. 
Incorporates auto-erase and timing 
in sof t,~are. 
Accepts: address to be written: Reg DE 

Data to be written: Reg B 
Uses: A, B, D, E Destroys: A 

EEWR: LD 
LD 
CALL 
LD 

A,OFFH ; FF for erasure. 
(DE), A BEGIN ERASE 

LD 
LD 
CALL 
LD 
LD 
CP 
JP 
RET 

Wa i tTwp 
A, (DE) END ERASE 

A,B 
(DE), A 
WaitT'~p 
A, (DE) 
A, <DE) 
B 
NZ. ERR1 

Data to be written 
; BEGIN WRITE 

Read to end Write 
Read to Ver'ify 
ChecK Verification 

.. -----------------------------, 
, Wait routine for EEROM Byte! Erase 
; Uses: Registers A, B,C 
; Destroys: A,C 
.-----------------------------, 
WaitTwp:LD A,B 
; Store B reg in TMPl 

LD (TMP1) I A 

Set timing constant for Twp. 
This 16-bit constant IS loaded 
into Reg ister's BC. and depends 
on the speed of the CPU clocK. 

LD A. 07 
LD B.A 
LD A, 06 
LD C. A 

218 The fol lowing loop performs the wait. 
219 by decrementing BC until the 16-bit 
220 number contained in BC equals zero. 
221 
222 
223 
224 
225 
226 

228 
229 
230 

Mor e: 

DUN: 

LD 
DEC 
CP 
JP 
CP 
JP 
LD 
LD 
RET 

A. OOH 
BC 
B 
NZ. Mor'e 
C 
NZ , More 
A, (TMPl ) Restore B Reg 
B.A 

Figure 12. Z80 E2ROM Erase/Write Routine 
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8088 Interface 

An example interface is shown between an 8088 (oper­
ating in minimum mode) and a 16K E2ROM (see Figure 
14), The reader may note that this is almost identical to 
the 8085 E2ROM interface (see Figure 6), with only 
minor differences. First, the NOR gates used cannot be 
a standard TTL or lSTTl device, but must be a CMOS 
or other high impedance input, so that the ClK signal 
is not loaded. The ClK signal, as output by the 8284, is 
used as the clock input to the 8088. The VOH level on 
this signal can fall below specification as a result of a 
TTL load. A CMOS NOR package, such as a 74C02 or 

ClK (8284 OUTPUT) 

similar device, eliminates this problem. Since the 
74lS74 operates from bussed control and data lines, its 
requirements are not so stringent, and a 74lS74 will 
work fine in most applications. 

The operation of this circuit is almost identical to the 
operation of the 8085 interface, as a comparison of the 
timing diagrams will show (see Figures 7b and 15) 
Because these processors share similar bus timing, the 
signals differ only in magnitudes of setup and hold 
times. All required setup and hold times should be con­
firmed to the satisfaction of the system designer. 

101M, SSO x '----------><= 
X ~ ______________ A_15_-~ __ (F_lO_A_T_D_UR_IN_G_I_NT_A_) ______________ ~)(~ ____ __ 

X A19-A16 X ~ _____________ S_7-_S3 ______________ ~)(~ ______ _ 

/ \ ALE 

------------------------------------------', -- -
r--

I 

f~_AOO )( AD7-ADo > ( DATA IN > C FLOAT FLOAT 

READ CYCLE 
(NOTE 1) 

(WFi, TNTA ~ VOH) 

\ / RD 

f"-'~ )( AD7-ADO X DATA OUT )( 
WRITE CYCLE 

NOTE 1 

WR \ / 

Figure 13. 8088/8086 Bus Timing - Minimum Mode 

seeQ Technology, Incorporated ---------------------------

8-60 



r--±-~ 
I 

D 
P a+-
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I I 
I 74lS74 I 
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I ,r-+--
l....( RESET Wii I D P a I WE 

I I 
ClK 

r-----, 
ClKW I Q 0+---.. 

FROM I~ I L_j._J 8284 
OUTPUT I 74C02 I 1&?; UK 

+5 
M/iO OX~ I I CE 

"-
'- ____ .J 

A,,-Al1 DECODER 
-y 

8088 E2ROM 

OCTAL 
~-A7 lATCH 

ALE 

"" ~ 

J\ 
ADO-AD7 I/o,-I/Oa 

" As-Ala As-Ala 

Figure 14_ E2ROM Interface - 8088 (Minimum Mode) 
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'AD-A,,: ADDRRESS SIGNALS MULTIPLEXED WITH STATUS AND DATA SIGNALS MUST BE DEMULTIPLEXED USING OCTAL LATCHES. 

Figure 15. Timing Diagram - 8088/8086 E2ROM Interface 

8086 Interface 

A sample E2ROM interface shown for the 8086 (see 
Figure 16) compares very closely in layout and opera­
tion to that for the 8088 (see Figure 14)_ The 8086 
interface accounts for the 16-bit 8086 data bus by latch­
ing both bytes of address and implementing a pair of 
devices to read and write an entire word at a time_ 
E2ROM interface control signals are identical to those 
for the 8088 interface (see Figure 15), 
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""'1"'" ,-------~-~H~: ~l j 
1,---;::::==~==::::::;------r-------111-----:7-:::4lS74 , 
l-< RESET AD P---------1I-----------i~_7___---'::..:.:...+.__+~+<t Of 

DEIO-------H-------,I I 
r - - - - -l I D P QI---:-I-+---+-f-C4 WE 

ClK 1-----------1I-.I-I-I~-oI I ClKW ~LL 
F~~8~ II I I C.....::ri 

ou:; r--- ~I 74C02; L - - J 1 
DECODER 

Ox p., ~ )o+---+-----1--4--+-q CE 
SEl I I 

_____ ...1 +5 

8086 ~ ;:..L-----------------1'.J E2ROM 
,------,/l As-A10 

I IL-----l I "- OCTAL 
A16-A19 ~ lATCH OCTAL 

lATCH 

---<DE 

----< WE 

L-----qCE 

1------v'1 As-A10 

E2ROM 

r fr " 
1 
~ AO-A7 AO-A7 

"- OCTAL 

I 

lATCH 

Figure 16. E2ROM Interface - 8086 (Minimum Mode) 

Conclusion 

The development in E2ROM memory is continuing at 
an ever increasing pace. Recent strides in E2ROM cost 
reduction, access time, and availability have made non­
volatile memory suitable for more applications than 
ever before. It is the purpose of this application note to 
contribute to this evolution in semiconductor memory 
by assisting the system designer in the task of E2ROM 
implementation. Armed with basic hardware and soft­
ware examples of working E2ROM applications, the 
designer can more easily complete a feasible E2ROM 
design, using the flexible, cost-effective devices cur­
rentlyoffered. 

Z80 is a trademark of Zilog, Inc. 

seeQ Technology, Incorporated -------------------------

8-63 

I 



8-64 



Memory Products 
. Application Note 

SOFTWARE DOWNLINE 
LOAD USING SEEQ'S 

CMOS EEPROMS 

June 1987 

seeQ 
Technology, Incorporated 

8-65 

I 



Software Downline Load Using 
SEEQ's CMOS EEPROMS 

Introduction 
Non-volatile semiconductor memories have 
been commercially available for some time but 
these early devices required multiple power 
supplies, high voltages and were slow in pro­
gramming. The RAM-like nature of the new Elec­
trically Erasable Read Only Memory (EEPROM) 
greatly simplifies their use in all areas of micro­
processor based design. The elimination of com­
plex timing and voltage requirements makes it 
attractive to the designer to incorporate in a 
design an EEPROM such as SEEQ's 28C64 or 
28C256. These EEPROMs are self-supporting 
and as simple to use as a static random access 
memory. In addition, because of internal control 
over the write cycle, they can plug into the stan­
dard socket of the 8K by 8 bit and 32K by 8 bit 
static RAM. 

These EEPROMs are true non-volatile memories. 
Non-volatility is provided in the same way as 
EPROM. Unlike EPROM they can be written to 
without prior ultra violet light erasure. The byte­
write requirements are identical to that of static 
RAM except that the EEPROM write cycle, once 
initiated by normal static RAM timing takes as 
long as 1 Oms. Once a write operation begins, the 
EEPROM is self supporting freeing the processor 
and all external circuitry for other tasks. This is 
accomplished through latches, as internal self­
timing circuit and wave shaping circuitry. It also 
generates all necessary high-voltage programming 
pulses. These features fit well in a RAM environ­
ment where 5 volts is the only voltage level avail­
able. The read timing cycle of the EEPROM is 
identical to that of a standard EPROM, RAM 
or ROM. 

seeQ Technology. Incorporated 
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The early EEPROMs had small storage capability. 
For this reason, they were not seriously con­
sidered as main program storage medium. 
Therefore, most of the initial EEPROM 
applications used the EEPROM for limited data 
storage, such as calibration parameters and sys­
tem configuration. The use of the EEPROM for 
main programstoragewas obviously reserved for 
those who could afford the cost and the board 
space required. The availability of the 28C256 
EEPROM along with the reduction in cost of lower 
density devices has created new interest among 
deSign engineers. The EEPROM is now con­
sidered a cost effective approach to non-volatile 
main program storage, either by itself or in com­
bination with ROMs and EPROMs. It will operate 
with the signals normally applied to a RAM, with 
the only restriction being the worst-case delay of 
1 Oms after starting a write cycle before access­
ing data 

Device Operation 
The internal circuitry of the 28C64 and 28C256 
EEPROM does not write entered data bytes 
immediately to the array of memory cells. The 
bytes first accumulate in a 64 byte page buffer 
and subsequently transfer to a specific "page" of 
the array in an independently timed manner. As a 
result, up to 64 bytes can be written within one 10 
ms write cycle to the EEPROM array. 

Each byte can be written to any location within 
the address space boundary of the currently 
active page. Because the device ignores the row 
address input after the first byte write, an attempt 



to load data bytes beyond this boundary will not 
affect data elsewhere in the EEPROM array, but 
will cause the data to be written to the page buffer 
at a location determined by the lower 6 bits of the 
address bytes. The procedure to transfer a data 
byte from the bus to the EEPROM array consists 
of three steps: the load cycle, the write cycle and 
the optional data polling. 

The load cycle 

The load cycle is basically a byte-load window 
(tSlC) during which a data byte can be entered into 
a 64 byte page buffer before the write cycle starts. 
If an additional data byte is entered within the 
byte-load window the initial window timer is 
retriggered and the internal write cycle is preven­
ted from commencing. Taking in consideration 
the twp min and tSlC min specifications, it will 
require only 22.4 us to enter a string of 64 bytes 
into the page buffer. The latest high to low transi­
tion of either the Chip Enable signal (CE) or Write 
Enable signal (WE) latches the address bits into 
the address latches. It also resets the internal 
page load timer. I n order to ensure proper latch­
ing and write cycle initiation the WE and the CE 
signals must meet twp min. Upon the earliest low 
to high transition of eitherCE orWE the EEPROM 
latches the data byte, places it in the page buffer 
and starts the internal page load timer tSlC. 

The write cycle 

If no data byte has been loaded within the byte­
load window the EEPROM terminates its load 
cycle and initiates its write cycle. During this write 
cycle, which takes maximum 10 ms, additional 
load attempts are ignored. The EEPROM, during 
these 1 0 ms, is not on the bus and requires no pro­
cessor service. 

The timing diagram on the 28C64 and 28C256 
data sheet shows that it can complete a byte load 
cycle within 170 ns. 

i.e. (tAS+twP+tOH) = 20+150+0 = 170 ns. 

The remaining 9.99983 ms of the 10 ms write 
cycle can be used to execute other system tasks. 
The write cycle is illustrated in Figure 1. 

DATA polling 

During the write cycle, the data bus ofthe EEPROM 
exhibits high impedance. The write cycle ends 
when the internal operations are completed, at 
which time the EEPROM is immediately available 
for access. A read command will then present true 
data at the output port. The maximum write cycle 
time is 10 ms, but typically it takes less time. The 
28C64 and 28C256 have a built-in software fea­
ture to take advantage of this shorter write 
cycle. 

When the EEPROM, while still in its write cycle, is 
read anywhere in its address space, the software 
feature will present at the EEPROM data bus the 
ones-complement of the data byte at the last 
address loaded. For example, data byte 
10001101 is read as0111 0010. With this feature 
the end of the write cycle can be detected and 
data loading can immediately be resumed. As a 
result the processor waiting time is reduced. This 
polling procedure is illustrated in Figure 2. 

Design Considerations 

The page mode feature can reduce the overall 
write-~ime by a factor equal to the page size. 
Unfortunately, page sizes as well as timing 
specifications for EEPROMs vary significantly 
among manufacturers and may not always match 
the tim i ng requ i rements of a particu lar processor. 
For instance, a tight byte-load window specifica­
tion, Le. tSlC min to tSlC max, might not take full 
advantage of the page load feature. Consequen­
tly, the maximum possible data transfer rate is not 
obtained. To illustrate this, the specifcations of 
the most significant EEPROM parameters, as 
given by different manufacturers, are shown in 
Figure 3. The byte-load window specification of 
the SEEQ 28C64 and 28C256 EEPROMs 
accomodates a large number of processors. 

Software examples 

Processors with MOVE STRI NG or LOOP/ 
REPEAT instructions might be able to load a 

~~~~hC~~~~~CM~~~d----------------------------
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WRITE CYCLE COMPLETE 
EEPROM AVAILABLE FOR ACCESS 

Figure 1. Page Mode EEPROM Write Cycle. 

WRITE 1 to 64 
BYTES 

STORE LAST WRITE 
ADDRESS, DATA 

READ 
LAST WRITE 
ADDRESS 

WRITE 
COMPLETE 

EEPROM 
AVAILABLE 

FOR ACCESS 

'DATA POLLING 
LOOP 
(OPTION: CAN PERFORM 
OTHER TASKS IN LOOP) 

Figure 2. Page Mode Write DATA Polling 
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Specification Comparison Table for 
64K EEPROM 

MANUFACTURER talC MIN. talC MAX. tA.w MIN. PAGE SIZE 

SEEQ* 200 ns 200us infinite 64 bytes 

#1 3 us 20 us 150 us max. 16 bytes 

#2 3 us 100 us infinite 32 bytes 

#3 30 us 100 us infinite 32 bytes 

#4 100 us 500 us infinite 32 bytes 

Specification Comparison Table for 
256K EEPROM 

MANUFACTURER taLC MIN. taLC MAX. tA.w MIN. PAGE SIZE 

SEEQ* 200 ns 200us infinite 64 bytes 

#1 2 us 100 us infinite 64 bytes 

*Times are shown for military temperature range devices. 

Figure 3. 

group of data bytes faster than the EEPROM 
allows. I n that case the data transfer rate of the 
processor is in conflict with the minimum byte­
load-time specification of that EEPROM. The 
solution to this problem is to emulate the MOVE 
STRI NG instruction in assembly code. This 
approach might cause conflict with the maximum 
byte-load-time specification. 

Example 1, the taLC min specification 

The MOVE BLOCK instruction of the 8086 pro­
cessor moves data bytes so rapidly that it con­
flicts with the tSlC min of the EEPROM 
specification from several manufacturers. The 
following code instructions illustrate this. 

DESTADD EQU 
SRADD EQU 

ES: BYTE PTR [DIJ 
OS: BYTE PTR [SIJ 

- - - - - - - - - - - - code instructions to 
- - - - - - - - - - - - cause registers to pOint 
- - - - - - - - - - - - to EEPROM address and 
- - - - - - - - - - - - data source address. 

MOV CX, NDLOAD load page size 
REP MOVS DESTADD, SRSADD do page load till CX=O 

• • 
• 
RET 

The REP MOVS DESTADD, SRSADD instruction 
requires 9 clock periods to initiate the byte-move 
process and 17 clock periods to move each con­
secutive byte. Consequently, the 8086 driven by 
a6 MHzclockcan move a byte in2.83 us. Thisisin 
conflict with the minimum value for the tSlC 
specification of the 64K EEPROM made by 
manufacturers #1,#2, #3 and #4. 

Any solution to this problem would reduce the 
data transfer rate. SEEQ EEPROMs are much 
faster and, as the table below illustrates, accom­
modate these data rates easily. 

PROCESSOR CLOCK RATE DATA RATE 

80186 8 MHz 1.0 us/byte 

80286 8 MHz 0.5 us/byte 

~~~~hC~O~~~~~O~~d--------------------------~ 
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PROM EEPROM 

DOWNLOAD ROUTINE PROGRAM 
f-- - - - - - - TO BE 

OTHER ROUTINES MODIFIED 

Figure 4. 

RAM EEPROM 

SYSTEM STACK DOWNLOAD ROUTINE 

- - - - - - r- - - - - - -
DATA STORE PROGRAM TO BE 

MODIFIED 

Figure 5. 

RAM EEPROM 

SYSTEM STACK 
DOWNLOAD ROUTINE - - - - -

DATA ~"TORE - - - - -
- - - - - PROGRAM TO BE 

DOWNLOAD ROUTINE MODIFIED 

Figure 6. 

RAM EEPROM 

SYSTEM STACK DOWNLOAD ROUTINE 

- - - - - - - - - - - - - -
DATA STORE NEW VERSION OF 

PROGRAM 

Figure 7. 
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Example 2, the tBlC max specification 

Since the 8051 processor does not have BLOCK 
MOVE instructions it must emulate a BLOCK 
MOVE with 13 instructions, each requiring 24 
clock periods. 

At a clock cycle rate of 12 MHz the data rate is 26 
/Ls per byte. This conflicts with the tSlC max 
specification of manufacturer#1. Other examples, 
which violate the specification of manufacturer 
#1 are shown in the table below. 

PROCESSOR CLOCK RATE DATA RATE 

6805 4 MHz 20.us/byte 

6801 4 MHz 36 us/byte 

Example 3, the tplW max specification 

EEPROMS from some manufacturers require 
that all bytes be loaded into the page within a 
specified maximum time (tplW). For example, if a 
processor has a data load rate of 10 /Ls per byte 
then this value complies with the tSlC 
specifications of an EEPROM from manufacturer 
#1. The tPlW specification of the same EEPROM 
is 150 /Ls and therefore, the processor can only 
load 1 50/10= 1 5 bytes before the write cycle 
starts. As a result, the page buffer capacity is not 
fully utilized, and it takes longer to program the 
EEPROM. 

SEEQ does not specify a limit for tpLW. The total 
page-load window time is infinitely long assuming 
the .time between byte loads meets tSlC max. 

EEPROM Download 
The cost of updating software contained in ROM 
or EPROM in the field is very high. EEPROMs 
allow the system software to be changed 
remotely, either through a terminal or a modem 
link to a main computer. Therefore, the keyadvan­
tage of the EEPROM is reduced service cost for it 
allows update of software contained in non­
volatile memory, without removing the memory 
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device from the system. These remote software 
updates are very attractive for updating system 
software, self-calibration or changing the system 
configuration or capabilities. Data load rates in 
excess of 50,000 bits/sec are possible using the 
page mode feature of SEEQ' s 28C256 and 28C64. 

EEPROM and resident PROM configuration 

In the case of an EEPROM and processor resi­
dent bootstrap PROM combination, the actual 
download routine resides in the PROM as shown 
in Figure 4. The processor can now fetch instruc­
tions from the PROM during the EEPROM write 
cycle. 

All EEPROM configuration 

If only EEPROM is used for the program storage 
and the code to be modified is on a different 
EEPROM than the one from which the processor 
is executing then a situation similar to figure 4 
exists. A more general approach which allows any 
EEPROM in the system to be written is the EEPROM 
and RAM configuration. 

EEPROM and RAM configuration 

In the case of the EEPROM and RAM configura­
tion, the following approach is required. The pro­
cedure starts with the memory contents as shown 
in Figure 5. 

I n the first step both the download routine and the 
system program are stored in EEPROM. Once the 
system is instructed that the new version of the 
program is to be downloaded, the system copies 
the download routine from EEPROM to the RAM. 
At this pOint, the memory contents are as shown 
in Figure 6. 

The processor then jumps to the RAM and 
executes the download routine and loads the 
new main program in the EEPROM. Next, the pro­
cessor jumps to the new main program in EEPROM 
to continue its normal task, leaving the RAM avail­
able for other services. Figure 7 shows the final 
contents of the memory devices. I 



Applications 

EEPROM is the preferred memory device when 
variable data storage is required. There are three 
important characteristics associated with 
EEPROM 

1. Data contained within the EEPROM is retained 
when power is removed. 

2. The EEPROM can store sufficient data to 
accommodate large lookup tables or computer 
programs. 

3. Data in the EEPROM is easily alterable, 
remotely or locally. 
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The list below illustrates that EEPROM 
applications are as various as they are 
numerous. 

• Oata lookup tables. 
• Smart cards 
• Electronic toys 
• Terminal configuration (baud rate, data 

format, parity) 
• Measurement instruments 
• Digital positioning machinery 
• Boot-up storage 
• Calibration data 
• Traffic control equipment 
• Telemetry 
• Navigational reference system 
• Music synthesizers 
• Signal synthesizers 
• Radio and TV program control 
• Disc Drive Servo 
• Robotics 
• Data encryption 
• Self-modifying code. 



Power-Up/Down with 
SEEQ's EEPROM 

Introduction 

Electrically Erasable programmable Read-Only 
Memories (E2ROMs) are semiconductor devices 
offering high-density non-volatile random-access 
data storage. A read operation with P devices is 
similar to that for an EPROM or static RAM. The 
write operation, however, requires a millisecond or 
longer. Previous generations of E2ROMs required 
high-voltage wave-shaped pulses during a write 
operation. With such strict requirements for the 
write control signal, the typical E2 system designer 
was careful to ensure the correct level of this signal 
under all conditions, including power-related situ­
ations when the system is turned off or on. Only 
recently has the convenience of PROM been avail­
able in devices which can be written with simple 
TTL-compatible signals. SEEQ offers such devices 
in several densities. 

With the advent of five-volt PROMs, non-volatile 
memory has shown far greater flexibility and ease 
of implementation. The ease of use allowed by TTL 
interfaces cannot release the designer from the 
normal constraint of ensuring reliable operation 
during power on/off situations. What signals should 
the interface devices provide when the system is 
turned off or on (or otherwise loses power)? Under 
conditions of extreme or repeated brownouts? Dur­
ing times such as these, when Vee may be outside 
of specified limits for correct operation of support 
logic, this support logic can supply signals to the 
E2ROM which initiate an undesired write cycle. This 
causes an inadvertent write to a location in the 
PROM. In order to ensure system reliability in such 
situations, it is very important to ensure that inputs 
(during power up/down conditions) from support 
devices do not cause inadvertent writes to an PROM 
device. A certain amount of the required protection 

seeQ Technology, Incorporated 

is included on-board the E2ROMs, and is described 
below. At the system designer's option, system 
reliability may be enhanced by absolute prevention 
of false writes. 

The purpose of this application note is to provide 
the system designer with a simple method by which 
to prevent false writes during power-up and power­
down situations. A simple circuit is shown (see 
Figure 1), its operation is explained, and some useful 
design considerations are outlined. 

+5V 

OUTPUT 

LM193 

R, = 63.4 KO (1% Metal Film) 
R2 = 71.5 KO (1% Metal Film) 
R3 = 51 KO 
R4 = 1.5 MO (1% Metal Film) 
Rs = 10 KO 
D, = L T1004 - 2.5 

Figure 1. E2ROM Write-Protection Circuit 
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The ideas and designs presented in this note are 
meant to serve as a starting pOint for the designer, to 
assist him in accomplishing his goal. The solution 
given, however, is not the only approach. There are 
many ways to ensure desired signals to the PROM 
during power up/down conditions. The designer is 
encouraged to tailor his solution to the specific re­
quirements of his application. 

Using E2ROM's Built-in Protection 

In SEEQ's E2ROMs, protection against false writes 
has been simplified by 3 built-in protection mech­
anisms on the chip. This protection logic (transparent 
to the user) does not make writing any less con­
venient. Table 1 shows the conditions which are 
required in order to guarantee initiation of a write 
cycle Vee must be within specified limits, CE must be 
active low, and OE must be V'H, Tes (50 ns) before 
the falling edge of WE. Due to PROM's protection 
logic, under certain other conditions, there are modes 
in which writing is inhibited (see Table 2). First, if Vee 
is less than 3.0 V, writing is prevented, regardless of 
the other input signals. Second, OUTPUT ENABLE 
(OE) at V,L (satisfying T es) inhibits writing. Third, in 
order to inhibit a write cycle, WE or CE can be held 
at V,H. 

Several failure modes are prevented by the protection 
logic described above. For example, if Vee comes up 

WE 

Notes: 

Table 1. Conditions Required to Guarantee 
Write-Cycle Initiation in E2ROMs 

All 
Other -

CE OE Vce Pins 

V1L V1H 4.5 -5.5 V X 

1. Active levels shown in above table require Ts set-up time of 
50 ns (see PROM's data sheet) 

2. X = TTL Don't Care. 

with WE already low, this will be interpreted as a 
continuous low on WE and will not initiate a write 
cycle, because a falling edge on WE is required 
AFTER Vee rises. Inadvertent writes are prevented 
when Vee is less than 3.0 V (see Table 2); all that is 
left to external circuitry is write-protection for Vee 
between the levels of 3.0 V (the lowest Vee level at 
which the device can write) and the Vee level at 
which the support logic issues valid signals. 

External Write-Protection Circuitry 

With the protection logic on board the E2ROMs, the 
part can be protected against inadvertent writes in 
any of several ways. The system deSigner can ensure 
that CE is high during power-up and power-down. 
Alternatively, one can ensure that WE never has a 
falling edge during power-up or power-down. For 
example, one could ensure that WE stays at V,L on 
power-up until a latch is reset, releasing a pull-down. 
This would ensure write prevention. 

Another manner of write protection has been to bring 
OE low during power-up and power-down. This in­
hibits writing (see Table 2), often allows the simplest 
realization. and is the general path chosen in this 
application note. Yet the timing and levels of signals 
provided must be scrutinized here, as well. 

Merely inserting a pull-up on OE will tend to pull OE 
down when Vee is low, but may not force a valid V,L 
level. Inserting a low forward voltage drop diode 
between the system-wide RESET signal and the 
E2ROM's OE signal may work. but depends on the 
timing of Vee and RESET. 

The specific form of protection against inadvertent 
write cycles chosen for this application note, one 
with more certainty of protecting against inadvertent 
writes, is to force either OE low (V,d or CE High 
(V,H) during power-up and power-down. Figure 1 
shows a circuit that can be used to fulfill this 
requirement. 

Table 2. Conditions Required to Inhibit Write-Cycle Initiation in E2ROMs 

WE CE OE Vee All Other Pins 

Inhibition Mode 1 V1H X X X X 

Inhibition Mode 2 X V1H X X X 

Inhibition Mode 3 X X V1L X X 

Inhibition Mode 4 X X X Under 3.0 V X 

Notes: 
1. Active levels shown in above table require Ts set-up time of 50 ns (see E2ROM's data sheet) 
2. X = TTL Don't Care. 

seeQ Technology, Incorporated ------------------------
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The circuit shown in Figure 1 provides a proper 
output signal (comparator's output) to prevent false 
write. During power-up, as is shown in Figure 2A, the 
output of the comparator is kept low from the time 
that Vee is 2.5 V until it reaches 4.8 volts. The output 
switches to VIH when Vee goes above 4.8 volts. 
During power-down, however, as is shown in Figure 
28, the comparator's output is forced low as soon as 
Vee falls below 4.6 V and is kept low until Vee goes 
below 2.5 volts. Circuit functionality is not guaran­
teed below this point. 

To prevent inadvertent writes, either OE or CE pin 
can be used. The first method is by forcing and 
keeping OE low (VIL) when Vee is below 4.5 volts. 
This can be done, as is shown in Figure 3A, by 
connecting comparator's output directly to E2ROM's 
OE pin. As soon as Vee falls below 4.6 V, the OE is 
forced low preventing any internal write initiation. 
This pin is kept low (valid) until Vee goes below 2.5 
volts. Internal protection circuitry protects the part 
beyond this point (activated when Vee falls below 
3.0 V). 

The second method of protecting the part against 
inadvertent write is by forCing and keeping CE high 
when Vee is below 4.5 and above 2.5 volts. This can 
be done, as is shown in Figure 38, by NAND gating 
(74HCTOO) the comparator's output with a CS signal. 
The output of the NAND gate, which is connected to 
E2ROM's CE pin, is controlled by the CS input when 
Vee is above 4.6 volts. The other input controls 
NAND gate's output when Vcc is below 4.6 V (above 
2.5 V). Keep in mind that the CS line must be a high 
true signal and the NAND gate should be a high 
speed CMOS device. 

Either method described above can be used for pro­
tection against inadvertent writes. System designers 
have to determine their need first and based upon 
that, select one of the above circuits or one of their 
own. 

Circuit Operation 

The circuit shown in Figure 1 is designed to provide 
a high (VI H) output (comparator's output) when Vee 
is above 4.8 volts and a low (VIL) output when Vee 
falls below 4.6 V (above 2.5 V). This is done by using 
a comparator (LM193 available from National Semi­
conductor), a temperature compensated voltage refer­
ence device (LT1004MH-2.5 available from Linear Tech­
nology) and a few resistors. The circuit has been 
designed to operate over military temperature range. 

As it can be seen in Figure 1, the negative input of 
the comparator is connected to ground through a 
temperature compensated voltage reference device 
(D1) and to Vee through a resistor (R3). As long as 

Vee 

2.SV 

I 
I 
I 
I 
I 
I 
I 

OUTPUT~ 

I 

:OZT 
I 
I I 

\ill 
I 
I 

:IZZT 
I 
I 
I 

:~ 
I 

Figure 2A. Timing Diagram-Power-Up Using 
Either CE or OE Protection 

Vee 

2.SV 

I 
OUTPUT \\$ :rm 

OE 

CE 

I I 
I I 

\\\\ ://// 
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I I 
I I 
I I 

~ :~ 
I 
I 
I 

Figure 2B. Timing Diagram-Power-Down Using 
Either CE or OE Protection 
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RS 

RD--------------~~--------_.----

+5V 

Rs 

LM193 

Figure 3A. OE Protection Circuit 

TO E2ROM'. 
OEPIN 

Vee is below 2.5 V, 01 is not conducting (no current 
flow through it). However, as soon as Vee goes 
above 2.5 V and stays there, 01 conducts providing a 
2.5 V reference voltage at the negative input (no 
current flow into negative input). The resistor (R3) is 
used to limit the amount of current through 01. 

The positive input on the other hand, is connected to 
a voltage divider (R1 & R2) as well as the output 
(through R4). The voltage at this input forces the 
output to go either high (VIH) or low (VIL). When Vee 
is below 4.6 V, the voltage divider causes this input to 
be below reference voltage with respect to ground 
forcing the output low. On the other hand, when Vee 
goes above 4.8 V, the positive input voltage goes 
above reference voltage forcing the output high. The 
output stays high as long as Vee is above 4.8 volts. 
The feedback resistor (R4) is used to enforce output 
voltage on the positive input while Rs is used as a 
pull-up resistor. Proper device selection, as is recom­
mended in this Application Note, can insure correct 
operation of the circuit over military temperature 
range. 

System Consideration 

As was mentioned above, correct circuit operation 
requires proper device selection. The comparator and 
temperature compensated voltage reference device 
(01) selections are critical. You have to be sure that 
01 provides 2.5 V drop across allowing half a volt 
safety margin between external protection circuit and 
the internal one (3.0 V internal power protection). It is 
suggested to use devices recommended in this Appli-

74 HCT 00 

CS----------------------------~ 

+5V 

Rs 

LM193 

Figure 3B. CE Protection Circuit 

cation Note. Other circuit elements that can influence 
circuit operation are the resistors. For correct opera­
tion over temperature, it is recommended to use 1% 
metal film resistor for R1, R2 and R4. The other two 
can be carbon film resistors. 

If CE pin is used for protection, the comparator's 
output must be NAND gated with a CS signal. Proper 
gate output is guaranteed if a high speed CMOS gate 
is used. Also, designers have to make sure that the 
CS input is a high true signal. However, no NAND 
gate is needed if OE pin is used to protect the part 
against false write. Comparator's output can be con­
nected to OE (through Rs),A choice of values for Rs 
Resistor depends on OE driver (RD line). The Rs 
resistor is used to insure a low OE input when Vee is 
below 4.6 V (comparator's output is low). If open 
collector driver is used, the pull-up resistor can 
replace Rs. 

Conclusion 

It has always been important for a system designer to 
ensure reliability as his system is turned off and on. 
Currently, the importance of this area of design is 
increasing. As the usage of five-volt E2ROMs in­
creases, applications are expanding into environ­
ments where Vee may be undependable, power 
glitches may exist, and in general a system must be 
more fault-tolerant. With the circuit contained in this 
application note, the designer can more easily ensure 
that his system meets applicable specifications and is 
able to utilize the convenience of PROMs. 

seeQ Technology, Incorporated ------------------------------------------------
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Power Fail Protection With Seeq's 
CMOS EEPROMS 

Since 1982, SEEQ Technology Inc. has been 
producing EEPROMs that can be programmed 
in-circuit using only a 5 volt supply. All of the 
high voltages necessary for programming are 
generated by an on-chip charge pump. Therefore, 
the external signals required to initiate a write 
need only be at TTL levels. Unfortunately, these 
external signals can do unpredictable things 
during power-up or power-down. If during these 
power transitions (or during a brown-out), the 
signals needed to initiate a write to the EEPROM 
are generated, the system's non-volatile memory 
may be corrupted. 

Several methods of insuring the integrity of a 
system's data have been proposed, and these 
methods are often referred to as "write protec­
tion': The two major classifications of write­
protection are "software write-protection" and 
"hardware write-protection': 

SOFTWARE WRITE-PROTECTION 

SgJtware write-protection involves the use of 
dEfcoders and latches which need to be written 
to by the system processor in a specific manner. 
This "unlock code" sequence must be executed 
before the EEPROM's control signals can be­
come valid, allowing a write into the EEPROM. 
These latches and decoders can be on the 
EEPROM die itself or part of the external 
circuitry. 

The idea is that during power-ups and power­
downs the chances of the proper sequence of 
signals needed to program the EE being gener­
ated randomly are very slim. While this is true, 
there are some limitations to this technique 
which need to be discussed: 

1. Since the unlock code used must be resident 
somewhere in the system's software, a "run­
away" processor could easily execute the 
unlock sequence, causing false writes. The 
only way to prevent this from happening 

during power-up or power-down is by gener­
ating a system reset signal via a low voltage 
detector. How to prevent this during "normal" 
processor operations is beyond the scope of 

. this article. 

2. What happens if power fails after the system 
has executed a legitimate unlock sequence 
to perform a desired write? In this case, the 
EEPROM is vulnerable to false writes on 
power down unless some form of low voltage 
detector disables the EEPROM. 

3. If power fails during the EEPROM's internal 
programming cycle (while new data is actually 
being written into the memory array), data 
may be corrupted. 

Obviously, software write-protection has some 
limitations which can only be overcome through 
the use of external hardware. 

HARDWARE WRITE-PROTECTION 

Hardware write-protection is just that; the· use of 
hardware to eliminate false writes. Much of this 
circuitry is contained onboard the EEPROM 
itself. Absolute protection against false writes is 
thus accomplished with the addition of some 
external hardware (which we have seen is 
needed even if software write-protection is used). 
An additional benefit of hardware write-protect 
is that it is totally transparent to the system's 
software designer. 

For these reasons, the remainder of this article 
will address the various aspects of hardware 
protection. 

SEEQ'S ON-CHIP WRITE-PROTECT 
CIRCUITRY 

A. Bandgap Reference Voltage 

Internal to all of SEEQ's CMOS EEPROMS is a 
bandgap voltage level detector. This detector 

8-78 



disables the EEPROM whenever Vcc is below 
the WRITE INHIBIT VOLTAGE, Vwi. Character­
ization data (see figure 1) has shown Vwi to be 
between 3.85 volts and 4.25 volts over the entire 
military temperature range. When Vcc is below 
Vwi, two things will be true: 

1. The internal charge pump is disabled, pre­
venting the high voltages which are necessary 
for programming the EEPROM from being 
generated. It is impossible for any data to be 
altered when the charge pump is disabled. 

2. The EEPROM's internal oscillator is disabled, 
forcing the device into a low-power standby 
mode. This feature results in an orderly shut­
down of the device when the system's power 
fails or is turned off. Also, this feature will 
save power in an all CMOS system where a 
low Vcc standby mode is used. 

Since SEEQ's EEPROMs are guaranteed to be 
disabled when V cc is below 3.85 volts, but TTL 
signals are only valid when Vcc is above 4.5 
volts, some external circuitry must disable the 
EEPROM (and probably hold the system in 
reset) while Vcc is between 3.85 volts and 4.5 
volts. In a CMOS system, logic signals are valid 
with Vcc as low as 3.0 volts, which is well below 
the Vwi threshold of the EEPROM. It would 
seem then that an external voltage detector 

might not be needed in a CMOS system. We 
will see that this assumption may not be valid. 

On power-up, this assumption would be valid 
because the EEPROM would be idle and disabled 
until well after the system's bus had settled 
down into valid logic levels. Unfortunately, if 
power is lost while the EEPROM is in the midst 
of an internal programming cycle, the data being 
programmed may be stored incorrectly. 

Of course, with the orderly shutdown feature of 
SEEQ's EEPROMs, and because the page 
address is latched into the device upon the first 
falling edge of WE, only those locations being 
changed when power was lost might be cor­
rupted. All other locations will remain unchanged. 
Also, if the system processor was doing a page 
load on SEEQ's EEPROMs and Vcc was to drop 
below 3.85 volts before the Tblc Timer timed out 
(see data sheet), then that programming cycle 
would never start and no locations would be 
changed. 

Fortunately, there is a way to eliminate the 
possibility of having the EEPROM in an internal 
programming cycle, while allowing one final data 
store, when V cc fails. This is accomplished by 
detecting a drop in the raw DC or AC voltage 
used to power the system (see Figure 2). As 
long as Cf is large enough, which is load 

4.25 r------------------~ 

• -55C 
4.20 .132 C 

.25C 

~ 4.15 

~ 5 4.10 
> 
I-
iii 4.05 
i z 
W 4.00 
!:: a:: 
~ 3.95 

3.90 

3.85 .-=:;~-..,;;,;; ______ ..I__ _______ ___J 

MINIMUM AVERAGE MAXIMUM 

MIN, AVERAGE AND MAXIMUM Vwi 

Figure 1. WRITE INHIBIT VOLTAGE-28C256 AND 28C64 
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RAW DC 

Figure 2. 

+5 VOLT 
REGULATOR 

dependent, a POWER FAILURE IMMINENT 
(PFI) signal can be generated at least 10 'ms 
before Vcc fails. 

This PFI signal can then be used to warn the 
system processor that there is time for only one 
more programming cycle before shut-down. Up 
to 64 bytes of data can be stored in one 10 ms 
programming cycle and return to its standby 
mode before V cc fails. The final store is accom­
plished, and all data is intact. 

Now we must turn our attention to disabling the 
EEPROM when Vcc is between 3.8 volts and 
4.5 volts. 

B. Multiple Control Pins 
There are three control signals on SEEQ's 
EEPROMs, and each signal must be at the 
proper logic level for a write cycle to begin. 
Therefore, writes can be inhibited if any of the 
following input conditions are met: 

Vee 

EEPROM 

HC32 

CE WE OE Vee WRITE MODE 

VIH X X X INHIBITED 

X VIH X X INHIBITED 

X X VIL X INHIBITED 

X X X BELOW INHIBITED 
VWI 

1. 3.8 < vwi < 4.25 
2. X - Don't Care 
3. All other inputs are don't care 
4. Set-up and hold times on transition are in the specific data 

sheets for eaeh part. 

By using an HCMOS logic gate and a RESET 
signal (see figure 2) we can force anyone of the 
control lines to a known state to disable the 
EEPROM when Vcc is below 4.5 volts. We could 
also use the RESET signal to remove power 
from the device, which will accomplish the same 
thing. An HCMOS gate should be used since it 
will drive the control line to either power rail 
even with Vee as low as 3.0 volts. 
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Why must we have a separate RESET line? 
Why not use the PFIline to disable the EEPROM? 
Well, that would allow the EEPROM time to 
finish an internal programming cycle before V cc 
fails, but there are several problems with this 
approach. 

First, during power-up, the unregulated voltage 
could be above threshold (enabling the EE­
PROM) some time before Vcc has reached 4.5 
volts. This could lead to false writes. Second, if 
the EEPROM is disabled as soon as an imminent 
power failure is detected, the system would be 
unable to initiate any final programming cycles 
prior to shut-down. This could lead to the loss of 
valuable data. 

From this, we can see that the EEPROM disable 
signal must be generated from a low voltage 
detector on the Vcc line. This disable signal 

would be the system's normal RESET line (see 
figure 2). 

EXTERNAL WRITE-PROTECT 
CIRCUITRY (SEE FIGURE 2) 

In this circuit, the RESET signal will disable the 
EEPROM and hold the f.LP in RESET any time 
Vcc is below 4.5 volts (or whatever other thresh­
old is chosen). This will prevent any false writes 
from occuring during power-up. However, the 
RESET line will only prevent false writes during 
power-down if the EEPROM was not already in 
an internal programming cycle. If this does 
happen, only those bytes which were being 
reprogrammed could possibly be corrupted. 

The PFI signal will prevent this from happening, 
as well as allowing the system enough time to 
save any vital data prior to power failure. By 

RAW DC +5V 
REGULATOR 

vee 

vee Vee 
-= 

SENSE SENSE 

RESET 
RESIN TL7715A RESIN TL7705A 

Cr REF cT REF 

GND. 0.1 J.LF GND 

-= vee 

vee 

HC32 
EEPROM J.LP 

NMI PFi 
RESET 

RESET--~---------------------------------------

Figure 3. 
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making Cf large enough (which is load depend­
ent), PFI will warn the JJ.P 10 ms before Vcc 
fails. After being warned, the JJ.P can initiate one 
more programming cycle. The EEPROM will 
then have enough time to complete its internal 
programming cycle before it is disabled. 

In conclusion, the possibility of false writes can 
be totally eliminated if the system makes use of 
a RESET signal and a PFI signal in combination 
with SEEQ's on-board write-protection circuitry. 

A MONOLITHIC SOLUTION 
(SEE FIGURE 3) 

An alternative to using op-amps and discrete 
components to produce the PFI and RESET 
signals can be seen in Figure 3. This circuit 
makes use of a monolithic supply voltage super­
visor family from TEXAS INSTRUMENTS. These 
devices are useful to detect power-up, power­
down, and brown-outs. In addition, Ct can be 
chosen to determine how long the RESET 
signals will remain active after Vcc is above 
threshold, which guarantees proper system ini­
tialization on power-up. The reader should refer 
to T.I:s data sheet for details. 

In this example, a TL 7715 is used to produce 
PFI while a TL 7705 is used to generate the 
RESET signal. This arrangement ensures that 
the EEPROM is disabled anytime Vcc is below 
4.5 volts, and the PFI warning is issued anytime 
the raw DC powering the system falls below 
13.2 volts. (See TL7705 and TL7715 data sheets 
for details). 

Lets assume that: 

a. power is lost abruptly 

b. Vf of D1 is 0.7 volts 

c. The drop-out voltage of the regulator is 2.0 
volts 

Then we can see that the voltage across Cf 
must take at least 10 ms to drop from 12.5 volts 
to 7.0 volts at the given load, II. (13.2 - 0.7 = 
12.5 and 5.0 + 2.0 = 7.0). Since II = Cf dv/dt 
and dv = 5.5 volts, dt = 10ms, we have this 
relationship: II = 550 Cf· 

In other words, if II is 550 rnA, then Cf must be 
1000 JJ.F for proper operation of the PFI 
protection. 

CONCLUSION 

Designers must be careful to avoid false writes 
to a system's EEPROM during power-up, power­
down, and brown-outs. This is especially true in 
CMOS systems where "brown-outs" are often 
entered purposely to achieve low V cc/low power 
standby states. 

We have seen that to completely eliminate the 
possibility of false writes, the system must 
monitor the voltages on both sides of the V cc 
regulator. This is true whether software or hard­
ware write-protection is used. 

SEEQ Technology has incorporated all of the 
on-chip hardware write-protection needed to 
design a trouble-free system using EEPROMS. 
In addition, this form of write-protection is com­
pletely transparent to the system, making the 
software interface more convenient. 
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As more systems designers are dropping bubbles, 
EEPROM-based designs are rapidly increasing. 
In the early to mid 80's, we were told bubbles 
would take over mass storage designs. Surely 
bubbles were the design of the future for core 
memories and even to replace disc memories. As 
many of these dreams fade, let us consider some 
of the pro's and con's of each technology. 

Common design considerations include density, 
power consumption, weight, access time, data 
rate, and environmental susceptability. 

Density is certai nly one issue that gets a lot of dis­
cussion. Commonly available 4 megabit bu_bble 
packs are approximately 1.25 cubic inches forthe 
basic block. SEEQ Technology's 256K PLCC 
package has a volume of approximately .0125 
cubic inches or 1 % of the volume of the bubble 
pack. Therefore, an equivalent 4 megabit EE 
memory using 16 256Kbit devices has less than 
20% of the volume ofthe bubble memory. Mounting 
of either device was not taken into consideration· 
neither was the volume of the required support 
chips. The EEPROMs would take more area 
mounted than was implied strictly with a volume 
specification. Spacing between packages could 
increase total volume, although the ratio between 
EE and bubble would still be substantial. 

Additionally, the high profile of a bubble memory 
device would greatly increase overall board 
volume as boards cannot be spaced closer 
together than the tallest component height. 
Decoding of a 4 megabit EEPROM array can be 
done with a simple one-of-sixteen decoder such 
as the 74LS154. In comparison, that 1.25 cubic 
inch bubble pack required a series of controllers, 
coil drivers, current drivers, etc. In the final 
analysis, semiconductor EEPROM memory will 
occupy a fraction of the space of bubble memories. 

Access time is the time from the issuance of the 
valid address or name of a file, data block, word or 
byte until the fi rstfu II size segment of data is avail­
able. A full size segment would be the first bit of a 
serial data stream or the first full byte or word in a 
parallel data bank. Common 4 megabit bubble 
memories today have average random access 
times on the orderof 50 t090 milliseconds. Some 
of the new small size modules have average 
access times less than 1 Om~ but specify maximums 
above500ms. SEEQTechnology's28C256 hasa 
maximum access time of 250 nanoseconds. 
Comparing the two technologies, bubble 
memory's average access time is 200,000 times 
longer than the EEPROMs worst case; the 
EEPROMs could deliver 200,000 bytes of data 
while the bubble memory is accessing the first bit. 

FIGURE 1 
COMPARISON CHART 

BUBBLES TO EEPROMs 

BUBBLE EEPROM RATIO R EMARKS 
Power Consumption 5 .5 10/1 Considerable current 

would be drawn by 
bubble memory 
support circuitry 

Access Time in microseconds 50,000 .25 200,000/1 
Average Data Rate 125 32,000 1/256 
(Read) K Bits/Second 
Data Rate 125 800 1/6.5 4 Megabit bubble and 
(Write) K Bits/Second sixteen 256K EEPROMs/ 

shown in fig. 3 
Weight (Grams) 75 5 15/1 
1 Megabit Volume 1.25 .2 6/1 Does not include 
(Unit only) Cubic Inches bubble support chips 
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Weight is one area that seldom becomes an issue 
in most designs but does come up on occasion. 
Once again, the comparison is not straight forward. 
Basic bubble memory devices commonly have 
weights in the vicinity of 75 grams per 1 megabit 
device. This, of cou rse, does nottake the weight of 
support circuitry into consideration. The 
equivalent EEPROM bank of four 256K devices 
would have an approximate weight of 5 grams. 
With the bubble memory support devices also 
taken into consideration, the ratio would 
significantly surpass this 15 to 1 ratio. 

Power consumption almost always warrants 
some consideration. Four megabit bubbles have 
power supply requirements around 4 watts typical 
and greater than 5 watts maximum. Sixteen (16) 
of the 256K type EEPROMs and a one-of-sixteen 
decoder under worst case conditions would draw 
less than 1 00 ma at 5 volts. This would be one-half 
watt or about 10 percent of the power of a bubble 
memory. While the sixteen 256K's only require a 
single decoding chip for support, the bubble 
requires numerous support chips. This support 
draws power too. To get a realistic feel for bubble 
power consumption, it becomes necessary to 
examine then at the board level where the host of 
necessary support devices are installed. 

The boards considered for comparison were not 
expandable, that is to say they were fully stuffed, 
4 megabit boards. Power consumption on these 
boards runs between 10 and 20 watts. Additionally, 
there were multiple power supplies required, not 
thesingle5 voltsupplyrequired by the EEPROMs. 

Data rate is the speed at which the data can be 
continuously delivered to the addressing device. 
In this area the bubble is specified at maximum 
(burst) and average. Burst data rates can be fast 
as 200,000 bits per second. Average data rates 
can be on the order of 1 25,000 bits per second. 
Making the EE comparison, data rates are the 
same as access times, and therefore 250 
nanoseconds per byte (8 bits). Putting this in 
perspective, after the bubble has taken 88 
milliseconds to get started (initial access time), 
while the bubble is fetchi ng 256 bytes the EEPROM 
could deliver 65,536 bytes. 

Data rate does not imply direction. This is to say 
that data rate does not apply only to reads of data 
but also to data writes. For a bubble memory, read 
and write data rates are equal, but the rates differ 
when EEPROMs are used. Read data rates were 

discussed above. Write data rates in EEPROMs 
are a bit more complex. In high density EEPROMs, 
byte write times and page write times are the 
same. A "page" is 64 consecutive bytes of data 
This page of data can be loaded as fast as 350 
nanoseconds per byte, thus a page load would 
take 22.4 microseconds. Afterthis time, a maximum 
of 10 milliseconds is required for the write cycle 
to complete. 

The microprocessor's write data process must 
halt during this 10 milliseconds until the device is 
again ready to load another page and begin the 
10 millisecond write sequence again. This would 
imply a write data rate of 350 nanoseconds per 
byte "burst-mode" with a maximum of 64 bytes or 
an over all rate of 6400 bytes per second. This 
6400 bytes per second rate is comprised of one 
hundred 10 millisecond write sequences of 64 
bytes. While 6400 bytes per second (this would 
be 51.2 K bits per second) is about half the speed 
of the bubble's write data rate it can be improved 
manyfold for systems using multiple EE Devices. 

In the case of medium to large arrays, which 
would be the case in mass storage applications, 
the common approach is to decode chip selects 
from the high-order address inputs (see figures 2 
and 3). But positioning the chip select decoder in 
the address space immediately above the page 
address inputs would allow each consecutive 
device to store the next logical page. 

Applying this approach to a 4 megabit array, 
system addresses Ao to As would go directly to Ao 
to As inputs of the EEPROMs. For an array of 16 
E2 devices, requiring 4 address inputs to select 
the 16 devices, system addresses As - A9 would 
go to a4 to 16 decoder network, providing the 16 
chip selects required. System address A10 would 
go to address As, system address A11 to address 
A7, continuining thru system address A18 to 
address A140 The 10 msec write cycle would 
continue independently in each device while the 
system was continuing towrite logicallyconsecu­
tive pages in the other devices. This makes the 
page size 1 024 bytes, thus the system should stop 
writing and wait for the write cycle to complete 
after 1024 sequential bytes had been written. 

For a 4 megabit array (sixteen 256K EEPROMs), 
this design approach would produce a data rate in 
write mode of greater than 100,000 bytes per 
second or 6Y2 times the bubble's write data rate. 

seeQ Technology,lncorpor.ted ----------------------------' 
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Temperature sensitivity is often a major design 
consideration. This is very true for military, indus­
trial and space applications. These designs often 
require operation or at least storage down to -55 
degree C and as high as 125 degree C. Bubble 
memories have problems at temperature extremes 
and often specify their minimum temperature for 
operation a few degrees above 0 C. This does not 
comply with standard commercial grade tem­
perature ranges and falls far short of either 
military or industrial grade temperature ranges. 
Similar problems exist at high temperature. We 
commonly see maximum temperature for operation 
between +30 degree C and +50 degree C. Even 

the +50 deg ree C falls for short of the com mercial 
temperature specification of +70 degree C. 
Needless to say both military and industrial tem­
perature ranges are completely missed. EEPROMs 
operate over the entire commercial, industrial 
and military temperature ranges. 

Clearly, EEPROMs share the intrinsic non­
volatility of bubble memories without the disad­
vantages in speed, power consumption and 
temperature range. Figure 1 compares the impor­
tant attributes of the two technologies. Complete 
technical information is contained in Seeq's 
28C256 datasheet. 
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Using High Speed CMOS EEPROMs with 
High Performance Microprocessors. 

Satisfying ever increasing demands on micro­
processor throughout can be achieved in several 
ways, the simplest of which is to increase system 
clock frequency. However, this technique yields 
higher performance only if the remainder of the 
system is capable of operating at the higher rate. 
Memory devices on the system must be able to 
respond to the accelerated transfer rate to avoid 
insertion of wait states. Speeding up clock rates 
without decreasing access times will generally 
cause the microprocessor to wait faster. The 
38C16 and 38C32 high speed CMOS EEPROMs 
from SEEQ technology are designed to satisfy 
the performance requirements of high perfor­
mance microprocessors. 

The 38C16 and 38C32 are 2K x 8 and 4K x 8 bit 
CMOS EEPROMs manufactured using SEEQ's 
advanced 1.25 micron CMOS process. Seeq's 

proprietary oxynitride process and patented dif­
ferential Q cell™design give the parts fast access 
times and high endurance. The 38C16/32 are 
ideal for high speed applications requiring non­
volatility and in-system reprogrammability. Both 
commercial and military temperature range pro­
ducts are available. 

Device Features: 
Read Operation: 

38C16 and 38C32 are available in access times 
ranging from 35 ns to 70 ns. The operational 
mode table is shown in Table 1. Read operation 
for the devices is similar to any standard memory 
device. Chip enable access times are faster than 
address access times (see data sheet) which can 
be a significant advantage in high speed micro­
processor designs. 

38C16/32 OPERATIONAL MODES 

MODE PIN CE OE WE I/O 

Read VIL VIL VIH DOUT 

Standby VIH X X HIZ 

Write VIL VIH VIL DIN 

Write X X VIH HI Z/DOUT 
Inhibit VIH X X HIZ 

X VIL VIH HI Z/DOUT 
VIL VIL VIL No Operation 

(HI Z) 

X: Any TIL level 

Table 1. 
Q Cell is a trademark of SEEQ Technology, Inc. 
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Write Operation: 

The write operation is similar to static RAM. 
Because of the fast address and data latches, the 
write data latch cycle is as fast as a read cycle. The 
address is latched on thefalling edgeofCE orWE 
whichever occurs last and data is latched on the 
rising edge of CE or WE whichever occurs first. 
Afterthe data is latched the built-in timercompletes 
the non-volatile write cycle within a maximum 
time of 5 ms. A typical device has a write cycle time 
faster than the maximum specified 5 ms. The 
38C16/32 feature DATA polling to enable the 
user to optimize write time. During the internal 
write cycle, the complement of bit 7 of the data 
byte written is presented at the output 1/07 when 
a read is performed. Once the write cycle is com­
pleted, true data is presented at the outputs. A 
software 'polling' routine (see fig. 1) can be used 
to determine write cycle completion. The data bit 
7 polling cycle specifications are the same as a 
read operation. During data polling, the 
addresses are a don't care. 

Write data protection: 

38C16 and 38C32 provide protection against 
false write during powerup/down using on chip 
circuitry. Writing is prevented under anyone of 
the following conditions: 

1. When Vec is below write inhibit voltage VWI. 
2. A high to low write enable transition has not 
occured when Vce is between VWI and Vce min. 
3. WE, CE or OE are in TTL logical states other 
than those specified for byte write in the mode 
table (Table 1). 

38C16 and 38C32 feature an on-board bandgap 
voltage level detector. The detector disables the 
EEPROM write circuitry whenever Vee falls below 
write inhibit voltage VWI. The internal charge 
pump (voltage multiplier) is disabled, preventing 
the high voltages which are necessaryforthe pro­
gramming cycle from being generated. It is 
impossible for data corruption to occur when the 
charge pump is disabled. Seeq's EEPROMs are 
guaranteed to be write disabled when Vce falls 
below write inhibit voltage VWI. VWI is between 3.8 
to 4.25 V over the military temperature range. 
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Since present day systems employ a mixmatch of 
both TTLand CMOS components, it is recommen­
ded that external hardware write protection cir­
cuitry be used in addition to the on-board 
protection circuitry just described. This is needed 
toeliminates false writes when Vcc is between3.B 
to 4.5 V (see Application Note 11). Absolute pro­
tection from false writes can be thus achieved 
while having the added benefit of being totally 
transparent to the system software. 

LATCH 

System Interface examples: 
MIL-STD-1750A is the U.S. Air Force's instruction 
set for 16-bit microprocessors embedded in 
avionic weapon systems. This standard is also 
used by the Navy, Armyand NATO. Typical 1750A 
applications involve real-time avionic 
applications in systems incorporated into aircraft, 
missiles and even ships or ground vehicles. The 
standard specifies the microprocessor architec­
ture and instruction set. Also defined are two 
memory addressing modes, a standard mode of 
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Figure 2. MDC281 INTERFACE TO 38C16/32 
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64K-word direct addressing and an optional 
expansion mode of 1-Mword direct addressing. 
The latter mode is segmented into 256 blocks of 
4K-words each. The 38C16 and 38C32 offer an 
excellent fit for 1750A processors and give sys­
tem designers/programmers a wider array of 
choices to come up with the next generation of 
flexible and more powerful adaptive systems. 

MDC281 MIL-STD-1750A CPU Module: 

The McDonnell Douglas MDC281 is a certified 
MIL-STD-1750A(Notice 1) 16-bitCPU consisting 
of three custom CMOS/SOS LSI chips 
MDC17501 (Execution unit), MDC 17502 (Con­
trol unit) and MDC 17503 (Interrupt unit) moun­
ted on and interconnected within a ceramic 
substrate. The MDC281 CPU is designed for 
military avionics applications like sensor data 
processing, operation and control of weapons 
systems. The CPU is particularly suitable for 
embedded applications requiring less than 64K­
words of memory. 

38C16/32 Interface: 

A typical MDC281 interface to 38C16/32 
memory is shown in fig 2. 38C16-70 or 38C32-70 
with a maximum address access time of 70 ns can 
be used without wait states in the memory sub­
system for a 20 MHZ MDC281. For a complete 
description of pin assignments and signal 
functions refer to the MDC281 data sheet. Each 
machine cycle consists of a minimum of 5 OSC 
periods. The synchronization clock(SYNC) output 
high to low transition signals the start of a new 
machine cycle and is used as the timing reference. 
SYNC low indicates that address is on the AD bus. 
The AD bus is a bidirectional multiplexed Address 
and Data bus (ADoo - AD1s). This bus is shared 
between the external system and the internal 
module resources and hence to avoid bus con­
tention, the AD bus must be isolated from the 
external system using a bidirectional transceiver. 
Data Direction signal iSD is used for transceiver 

direction control. DD low indicates read transfer, 
while high indicates a write transfer. High to Low 
transition of the address strobe AS is used to 
latch Address into a transparent latch during AD 
bus de-multiplexing. 

All transfers between the module and the 
memory are referenced to the AS and OS bus con­
trol signals and are characterized by IN/OP low 
and M/IO, CD high. Control Direction signal CD is 
used to control direction of the control signal 
transceiver. This signal goes high to indicate that 
the module is driving the AS, OS, M/iO, RD/WR 
and IN/OP signals. 

Read Operation: 

Read transfers begin with address being placed 
on the AD bus immediately following SYNC high 
to low transition. This address is assured to be 
valid for the cycle by latching it in a transparent 
latch on the high to low transition of AS. The DO 
signal is high during this portion of the transfer. 
RD/W indicates direction of transfer. During read 
(fig. 3) the AD bus drivers are placed in a high 
impedance state at the low to high transition of 
SYNC to give the memory access to the bus. Next 
OS signal goes low and is used by the memory 
system to generate output enable (OE). DO also 
goes low shortly after OS goes low and this signal 
reverses the direction of the AD bus transceivers. 
The memory then pulls ROY low to conclude the 
transfer. Read data from the38C16/32 is latched 
into the module on the SYNC high to low transition. 

Write Operation: 

Write is indicated by RD/W going low (fig. 4). The 
address is replaced by data when SYNC tran­
sitions from low to high. Next, the OS signal goes 
low and is used by the memory system to generate 
WE. Data isvalidatthe lowto high transition of~ 
and is latched into the 38C16/32. DO stays high 
for the duration of a write transfer. The memory 
system pulls ROY low to conclude the transfer. 
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Fairchild 9450: 

Fairchild 9450 is single chip solution implementing 
the complete MIL-5TD 1750A instruction set 
architecture (15A) and its floating point standard. 
It allows addressing of up to 2 M words of memory 
and with the addition of the F9451 Memory 
management unit (MMU), up to 16M words of 
memory. 

38C16/32 Interface: 

A typical minimal configuration 38C16/32 
memory subsystem interface is shown in fig. 5. 
The 20 MHz F9450 provides for a.90 ns memory 

F9450 
LATCH 

IBo 
is,. 

STRBA 

S'fRBO 

access time without wait states. Hence, 38C16-70 
or38C32-70 with a maximum address access time 
of 70 ns can be used in the memory subsystem. 
Bus cycles are a minimum of 4 or 5 states long. 
Memory and i/O cycles are identical and the 
status of the MIlO line distinguishes the two 
cycles. 5tate 50 is used for bus acquisition. This 
state is followed by 51 state. After the start of 51 
state, the CPU outputs the address after a delay. 
Attheend 01"51, RDYAinput issampled.lf RDYA is 
low the CPU stays in 51, extending the address 
phase of the bus cycle. Otherwise, it proceeds to 
states 52 followed by 53. 
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Read Operation: 

STRBA signal is pulled low in state S2 (fig. 6). The 
high to low transition of this signal is used to latch 
the memory address. The CPU the pulls STRBD 
output low and prepares to receive read data from 
38C16/32 by turning the address/data bus 
around. STRBD is used to enable data from the 
memory. 

Write Operation: 

During write cycles the CPU starts driving the bus 
with the write data immediately after the address 
(fig. 7). STRBD signal is activated during S3, allow­
ing enough write data setup time to STRBD falling 
edge and hold time for the rising edge of STRBD 
to write data. At the end of S3 RDYD is sampled, 
and if low, state S3 is continued extending the 
data phase. If the signal is sampled high the write 
cycle is terminated. 

Software Considerations: 

Examples of hardware interface of MIL-STD-
1750A microprocessors to 38C16/32 have been 
shown. 38C16/32 have a built-in timer to control 
the internal non-volatile write cycl!? The parts fea­
ture an automatic erase before write. The write 
cycle takes a maximum of 5ms/byte. System 
software has to take into account this byte write 
time of the EEPROM. The system writes to the 
EEPROM and then follows the write with a polling 
routine as shown in fig. 1 to determine the end of 
the EEPROM internal write cycle. If the system 
application demands that the 5ms write time be 
utilized usefully, the technique shown in fig. 8 can 
be used. The on-board timers A or B can be used. 
These timers can be used to timeout the 5ms 
write time of the EEPROM and programmed to 
interrupt the Cpu. The CPU can thus carry out 
other tasks while the internal write cycle of the 
EEPROM is in progress. 

DSP Applications: 

Present day DSP processors are finding a wide 
range of applications like Encryption/Decryption, 
voice-band, precision servo control, pattern 
recognition, adaptive control and intelligentfilter­
ing. Most of today's applications use ROM or 
EPROM based memories to store algorithms and 
as a result use is restricted to applications that 
utilize fixed algorithms and co-efficients. Adap­
tive algorithms must use RAM, thus forcing the 
processor to repeat its adaption sequence each 
time power is turned on. Seeq's high speed 
CMOS EEPROMs 38C16 and 38C32 present an 
excellent fit for many of today's DSP processors 
and open the door for system designers and 
programmers. 

TIMER: 
5 MS BYTE WRITE WRITE 
TIME TIMEDOUT­
GENERATE INTERRUPT 

[

WRITE DATA 
TO EEPROM 

STORE ADDRESS, 
DATA 

Figure 8. EEPROM BYTE WRITE SEQUENCE 
USING SOFTWARE CONTROLLED TIMER 
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TMS320C25: 

The TMS320C25 is a high performance digital 
signal processor featuring a single accumulator 
and a Harvard type architecture in which program 
and data are implemented in separate address 
spaces. The processor features on-chip data 
RAM of 544 words, on-chip program ROM of 4K 
words and supports direct addressing of up to 
64K words of external program memory and 64K 
words of external data memory. An on-chip serial 
port provides direct communication capabilities 
with serial devices. 

For protyping, system expansion, external 
memories maybe required. The38C16/32 can be 
used as program memory and offer the ability to 
implement adaptive algorithms because of 
their reprogrammability. 

38C16/32 Memory Interface: 

The TMS320C25 distinguishes between pro­
gram memory and data memory spaces using PS 
and DS signals. For a detailed description of pin 
assignments and their functions refer to the 
320C25 data sheet. The crystal or external clock 
source is divided internally by the 320C25 to pro­
duce a four phase clock All bus activity is referen­
ced to the four-phase clock The interface 
discussed here isfora TMS320C25 runningat40 
MHz. Fig. 9 shows 38C32-35 used as program 
memory. The 35ns maximum address time of the 
38C32 satisfies the memory performance 
requirements of the 320C25. 

External Read Cycle: 

During the beginning of machine cycle (fig. 10) 
clock quarter-phase1 , the 320C25 begins driving 

the address bus and one of the memory space 
select signals PS orDS. R/Wisdriven high to indi­
cate a read cycle. At the beginning of quarter 
phase2, STRB goes low to indicate valid address. 
STRB is used with R/W to state memory read 
enable signal. After decoding the address, the 
memory system must set up READY during 
quarter-phase2. READY is sampled by the 
320C25 at the beginning of quarter-phase3. If 
READY is sampled high, read data from the 
memory is clocked in at the end of quarter-phase3. 
Ready can be pulled high permanently, if the sys­
tem components used do not require wait states. 
At the beginning of quarter-phase4 STRB is 
deasserted. The read cycle is terminated with the 
de-activation of the address bus and PS, DS. Care 
must be taken to avoid bus conflicts when a read 
cycle is followed by a write cycle. The 38 C32 has a 
15 ns max disable time and hence will not cause 
bus conflict. 

External Write Cycle: 

The external write cycle is similar to the read 
cycle described above, with the following differ­
ences: R/W is driven low indicate an external 
memory write. STRB is used with R/W to gate 
write enable signal. Write data is placed on the 
bus at the start of quarter-phase2. STRB is de­
asserted at the beginning of quarter-phase4 and 
the write cycle ends with the de-activation of 
address bus and PS, DS. As before, care must be 
taken to avoid bus conflict when a write cycle is 
followed by a read cycle. Since STRB is used to 
enable the 38C32, potential bus conflict is 
avoided. 
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~ 
38C32 

STRB --
~ ADDRESS 

V A11 -Ac 

+5V 

~ DATA 

V D7 - Do 

CE 
READY OE 

~ WE 

<: 
DATA 

D15 

Do 

Figure 9. TMS320C25 MINIMAL EXTERNAL MEMORY INTERFACE 

--seeG Technology, Incorporated -------------------------
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2 3 4 

CLKOUT 1 -\ I '--
A15 - ~ >iD< -PS,D'S VALID 

STRB \ / 

R/W I C 
EXTERNAL 

7 \ READ 
READY 

0 15 - Do < DATA IN ) 

R/W \ / 

7 \ 
EXTERNAL 

READY WRITE 

D15 - Do e< DATA OUT >e-

Figure 10. TMS320C25 READ AND WRITE CYCLES 

Software Considerations: 

When 38C16 or 38C32 are used as program 
memory, the system can take advantage of the 
easy reprogrammability of these devices. Code or 
Program coefficients can be easily altered to 
implement adaptive systems. The38C16/32 byte 
write time of 5ms max should be accommodated 
by the system software (fig. 11). The on-chip timer 
can be utilized to timeout the byte write time. A 
timer interrupt is generated every time the timer 
decrements to zero. The period register (PRO) 

can be used if necessary, sothat interrupts can be 
programmed to occur at regular intervals. 

Using the 38C16/32, remote down-load capabil­
ities can be provided to the system using the on­
chip serial port Object code can be downloaded 
into RAM at high speed and then written into the 
EEPROMs from the RAM. Typical DSP algorithm 
implementations need upt04Kwordsof program 
space. Using the 38C16 or 38C32 only two pack­
ages are required thus minimizing package count 
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WRITE TO EEPROM: 
MOVE FROM RAM 

TO 
PROGRAM SPACE 

STORE 
ADDRESS 

DATA 

START TIMER 
__ - - - TO COUNT 

TIMER: 
5 MS BYTE WRITE 
TIME TIMEDOUT­
GENERATE INTERRUPT 

BYTE WRITE 
TIME 

DO 
OTHER TASKS 

UNTIL INTERRUPT 

OPTION: 'IDLE' UNTIL 
INTERRUPT 

VERIFY 
PASS 

EEPROM 
READY 

FOR NEXT 
ACCESS 

Figure 11 . TMS320C25 WRITE SEQUENCE FOR 38C16/32 EEPROM WRITE. 
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Ethernet/Cheapernet Controller Design 
PCIAT personal computers can be networked 
together via 10 Megabit per second 
EthernetlCheapernet IEEE 802.3 CSMAlCD protocol 
using the SEEa 8003 Ethernet Datalink Controller 
(EDL~) and the SEEa 8020 Manchester Code 
Converter (MCCTM). As the PC Bus data rate is 
typically one byte per microsecond and interrupt 
latency. may be hundreds of microseconds, a FIFO 
buffer memory is required to capture Ethernet data 
frames which can come at any time. In this 
application brief, the FIFO buffer consists of an 
economical industry standard 8K byte static RAM 
together with SEEa EEPLD20RA10Z electrically 
erasable programmable array logic devices. The 
EEPLD devices provide handshakel arbitration 
control logic between the FIFO, EDLC and PC Bus. 
Additionally, the EEPLD devices provide the memory 
address decode logic from the PC Bus. A system 
block diagram for the Ethernet Controller is shown in 
Figure 1. 

FIFO RAM Buffer 

~ ~ 

P 
C 
/ 
A 
T 

B 
U 
S 

.... .... 

.. 
.... 

~ Ir 

.. 
~ 

Control/Status 
--""0.. .. 

EEPAL 
Control """'- --Logic 

~ -,. 

_t_ 
FIFO 
RAM .. --""0.. .... .. 
8Kx8 

Data 

The FIFO RAM buffer Is divided Into four 2K byte Figure 1. Ethernet Controller System 
sections as shown in Figure 2. Incoming Ethernet 
data frames range from 60 to 1514 bytes which are 
loaded into the RAM at locations 0, 2048, 4096, and 
then back around to O. The PC must unload these 
frames before the fourth frame overwrites the first 
frame. More frames could, of course, be buffered by 
increasing the RAM size to, say, 32K bytes. The PC 
is aware of the location of the frames by keeping 
count of the EDLC Receive End of Frame interrupts 
or by closely watching the status of incoming frames 
In the EDLC Receive Status Register. 

Rx Counter 
The FIFO RAM address Is supplied by the RX 
Counter (EEPLD) during EDLC receive data 
transfers. This counter Is reset to 0 on PC 10 Write 
Command "ResetRxCounter". It Is incremented on 
EDLC RxRD unless RxTxEOF In which case It Is 
advanced to the next 2K boundary (0 If address 
greater than 4K) . 

Tx Counter 
The FIFO RAM address is supplied by the Tx 
Counter (EEPLD) during EDLC transmit data 
transfers. This counter Is loaded by the PC with 

EDLO is a registered trademark of SEEQ Technology, Inc. 
MOO Is a trademark of SEEQ Technology, Inc. 

8Kx8RAM 

addrOOOO 

Rx FIFO 0 

addr2047 
addr2048 

Rx FIFO 1 

addr4095 
addr4096 

Rx FIFO 2 

addr6143 
addr6144 

Tx FIFO 
addr 8191 

Figure 2. FIFO RAM Partitioning 

EDLC 
8003 

~ ~ 

~ Ir 

MCC 
8020 

t 
AUI 

SeeQ Technology, Incorporated -------------------------

8·104 



address 8191 minus the frame byte count. It is 
incremented on EDLC TxWR. On arriving at the 
terminal count, 8191, an RxTxEOF signal is supplied 
to the EDLC, signaling the end of the frame. 

The Tx Counter is used by the PC to read out 
Receive frames. Simultaneously, the Rx counter may 
be receiving a new frame while the current frame is 
being transferred to the PC. Care must be taken in 
the software design to assure that a transmit frame is 
completed before using the Tx counter for an Rx 
read out. The Tx Counter is incremented 
automatically when the PC lOR read signal executes 
a read byte. 

PC Bus Decode 
EEPLD devices decode the PC Bus Address, 10 
Read, and 10 Write signals to provide PC access to 
the EDLC 8003, FIFO RAM, Rx Counter, Tx Counter, 
and miscellaneous controls such as reset, TxMode 
and LoopBack. 

Bus Transceivers 
Data bytes are transferred to and from the PC, FIFO 
RAM, and EDLC 8003 on the Data DO .. D7 bus via 
Transceiver 74LS245 and are controlled by EEPLD 
signals DIR1 and G1. Control/Status bytes are 
transferred to and from the PC and EDLC 8003 on 
the CMMD DO .. D7 bus via Transceiver 74LS245 and 
are controlled by EEPLD signals DIR2 and G2. 

Attachment Unit Interface, AUI 
The Ethernet Controller Design provides a physical 
data link between the PC and the AUI interface. The 
six AUI signals Rx +, Rx-, COLL +, COLL-, Tx +, and 
Tx- will drive up to 50 meters twisted pair 
transmission line to another Controller as 
demonstrated by this application brief or to a Media 
Attachment Unit (MAU) for communication over 
single wire coax Standard Ethernet cable. The 
addition of a transceiver chip and electrical isolation 
makes possible support of Cheapernet. 

PC Implementation on Half Card 
The Ethernet Controller has been implemented on an 
IBM PC expansion board using less area than that 
required for a half card. The schematic diagram for 
the design is shown in Figure 9. 

Designing with SEEQ EEPlD's 
The EEPAL20RA10Z devices provide the glue to 
hook the EDLC, MCC, and FIFO RAM to the PC bus. 
The design methodology utilizes PC based 
assemblers such as PALASM~ ABEL;M CUPLTM or 
MINCTM to transform equations and simulations into 
JEDEC link maps and test vectors. In this application 
brief, PALASM2 is chosen. Thedesign specifications 
are shown in Figure 5. 

Testing the Design 
Four software programs demonstrate the operation 
of the Ethernet Controller design. The source 
language chosen is Turbo PASCAL 4.0T'" (Borland 
International). PC bus operations are implemented 
using the PORT instructions: 

PC 10 Write: Port[Address]: = Data;PC 10 
Read: Data: = Port[Address]; 

The software programs are illustrated in Figure 11. 

RAM Test 
The basic PC operations of memory address 
decode, load/increment Tx Counter, Read and Write 
RAM are exercised by this test. The 8192 RAM 
locations are loaded with numbers 0 thru 4095 in 
pairs of bytes, then read back for comparison check. 

LoopBack Test 
The EDLC 8003 is tested by transmitting a frame to 
itself in LoopBack Mode. The frame received is 
compared with the frame that was transmitted. 

Continuous Transmit/Receive Test 
Using two Ethernet Controllers in two PC's, random 
frames are continuously transmitted from one 
controller to the other and echoed back, while error 
status is checked and errors are counted. 

Hello Hello PC to PC Terminal Emulation 
Two PCs are configured as terminals as shown in 
Figure 3., allowing simultaneous frames to be 
passed back and forth at each operators discretion. 

II I Hello Herb!... 1/ 

11····HelloJohn! II 
AUI 

Cable 

I ~Iiililllllllllllill 1 -11
1 .... 1----... iliiiiilllllllllllill 1 : I 

d ~ # ~ 

Figure3. PC to PC Terminal Emulation 
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Command Register EEPAL UB 

7 6 543 2 1 0 

I I I I I I 
--- Reset EDLC 

Reset Rx 
Add Counter 

Loopback 
B020 

TxMODE 

Figure 4. Command Register Bit Map 

Hex 
Add 

AO .. A9 

300 

301 

302 

303 

304 

305 

306 

307 

30B 

309 

30A 

308 

30C 

Read 
(lOR) 

Rx Status 

Tx Status 

Address Map 

Write 
(lOW) 

Station Add 0 

Station Add 1 

Station Add 2 

Station Add 3 

Station Add 4 

Station Add 5 

RxCommand 

TxCommand 

Command Reg 

LD TxAO .. A7 

LD TxAB .. A12 

RAM Read RAM Write 

Figure 5. Address Map 

EDLC B003 

EEPAL U3 U4 

EEPAL U9 

EEPAL U9 U10 

Unused 

RAM BkXB 

Build Your Own 
Ethernet/Cheapernet Controller 

Using the SEEa EDLC, MCC, and EEPLDs, you can 
build your own Ethernet/Cheapernet Controller. 
Contact you local SEEa representative for a 
PC/XT/AT floppy disk containing the EEPLD Design 
Specifications and the EDLC Demonstration 
software as described below: 

EDLC.EXE 
EDLC.PAS 
EEPALU3.PDS 
EEPALU3.JED 
EEPALU4.PDS 
EEPALU4.JED 
EEPALU6.PDS 
EEPALU6.JED 
EEPALU7.PDS 
EEPALU7.JED 
EEPALUB.PDS 
EEPALUB.JED 
EEPALU9.PDS 
EEPALU9.JED 
EEPALU10.PDS 
EEPAL103.JED 
MAKE. BAT 

seeQ Technology, Incorporated ------------------------
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Figure 6. Ethernet/CheaperNet Controller Block Diagram 

lOR 
AO 00 lOW 

AEN 
A9 07 RESET 

,~ ~ IL..... '~... Transceiver ... .. 
LS245 U2 

AO ..... ---....... 
CMMO 
00 .. D7 

.. ..... ----... 
A~ .. 

lOW 

Address 
Decoder 

loR EEPAL U3,8 
~ 

CMMO 

... 
II'" 

Command 

Register 

EEPAL U8 

RAM 
8KX8 

U11 

Tranceiver 

LS245 U1 

DO -D2 

RESET EDLC 

TxRet 

RESET RX 

LPBAC 
f--

CS 

...-___ ...... TXRDY 

Hand-shake TXWR 
State Machine RXRDY 

EEPAL U4 RXRD 

INC 
, Ir , r 

..... TX Counter 

AO 

A12 

EEPAL U9,10 

1 
RX Counter 

EEPAL U6,7 

A ~ 

PC 
DO - D7 , .. 
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EDLC 
8003 

U12 

+ 
MCC 
8020 

AUI 
, r Cable 

IEE802.3 
Compatible 
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Figure 7. RxRDY/RxRD Handshake Waveforms and Truth Table. 

RxRDY W \ I 

r-- ,---\ J ~ '---
\ ~ ~ I 

'--V ~~ 

'--~ ~~ 
2 3 4 5 6 7 8 9 10 11 

1.RxRDY INACTIVE NO RECEIVED DATA EXISTS IN THE EDLC CHIP. RxRD, RxWE, RxCS AND 
RxWR ARE IN AN INACTIVE STATE. 

2.THE PLD20RA10Z SAMPLES AN ACTIVE HIGH RXRDY,AT LEAST ONE RECEIVED DATA BYTE 
EXISTS IN THE EDLC FIFO BUFFER. RxRD GOES ACTIVE LOW. 

3.THE STATE MACHINE OUTPUTS RxWE, RxCS AND RxWR GO LOW. RxCS AND RxWR 

CONTROL THE RAM INPUTS TO ENABLE AN ACTIVE WRITE CYCLE. 

4.RxCS AND RxWR GO INACTIVE TO END THE RAM WRITE CYCLE. 

5.RxRD AND RxWE GO INACTIVE HIGH TO COMPLETE THE HANDSHAKE CYCLE. 

6.RxRDY STAYS INACTIVE LOW. ALL OUTPUTS RxRD, RxWE, RxCS AND RxWR HOLD IN AN 
INACTIVE STATE. 

7 -11.1F RxRDY GOES HIGH THEN THE STATE MACHINE WILL REPEAT THE HANDSHAKE 
CYCLES WRITING TO THE RAM UNTIL RxRDY GOES INACTIVE AGAIN. 

TRUTH TABLE: 

RXRDY RxRD RxWE RxCS 

L H H H ;IDLE STATE NO HANDSHAKE ACTIVITY. 

H L H H jRxRD ACKNOWLEDGES ACTIVE RXRDY. 

X L L L ;RxWE GOES LOW WITH RxCS. 

X L L L ;RxCS GOES INACTIVE AFTER WRITE. 

L H H H ;ONE HANDSHAKE CYCLE IS COMPLETE. 

8-108 



Figure 8. Design of the RxRDY/RxRD Handshake Logic: 

EQUATIONS: 

RxRD : = RxRD * RxWE * RxCS * RxRDY ;HOLDS RxRD HIGH WHEN RxRDY 

IS INACTIVE. 

+ RxRD * RxWE * RxCS ;TOGGLES RxRD INACTIVE AFTER 

ACTIVE CYCLE. 

+ RxRD * RxWE * RxCS ;HOLDS RxRD HIGH WHEN THE PC IS 

ACCESSING MEMORY. 

RxWE : = RxWE*RxRD*RxCS 

RxCS : = RxCS*RxWE*RxRD 

+ G2*DIR2 

RxWR : = RxRD*RxWE*RxRD 

;TOGGLES RxWE INACTIVE AFTER 

ACTIVE CYCLE. 

;HOLD RxWE INACTIVE WHILE NO 

;TOGGLES AFTER STATE 2 IN THE 

WAVEFORM DIAGRAM. PROGRAMMABLE 

POLARITY IS USED ON THIS OUTPUT. 

GOES LOW FOR PC READ CYCLES. 

;RxWR GOES LOW AFTER STATE 2 IN 

WAVEFORM DIAGRAM. PROGRAMMABLE 

POLARITY USED ON THIS OUTPUT. 

seeQ Technology, Incorporated -----------------------
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Figure 9(a). Schematic Diagram, PC Bus and Address Decode 

/IOW 

/IOR 

AO 

Al 

A2 

+5V IT /PL vee ~ +5V 

~ 
/CSRAM 

/lOW '2 /lOW /CSRAM t23t 
~ '::: F' LOI 

/lOR 814 3 /lOR L01 22 

~ = LDO ~ LOO 
AO A31 4 AO 

~ = EEPLO 1= /CS8003 
A1 A30 5 A1 /CS8003 20 

~ ~ 20RA10Z 1= OlR2 
A2 6 A2 01R2 19 

~ =; U3 '""""' /G2 
A3 A28 A3 /G2 7s' 
~ ~ Address F== OIRI 

A4 A4 0lR1 17 

~ =e Oecode1 F= /Gl 
A5 ~ AS IG1 16 

r.:f 
'""""' A6 ~ A6 NC ~GNO ~ ICMMO 

A7 r;.. 11 SEL /CMMO rw 
~ 

GNO@ 

~ 
AS ~ GNO toE SGNO L...-

PC § ---A9 ~ XT 
r---:-5V IT =~ AT AEN ~ /PL 

BUS DO ~ -12 AEN SEL 23 

~ TXRET 
01 S- ..!. A7 TXRET ~ 

t-- '4 /LPBK S /LPBK 
D2 A7 to--- AS 

~ J::: EEPLO /EOLCRST 
03 A6 t-- a.; A9 /EOLCRST ~ 
~ 20RA10Z h RSTRX 

D4 ~t-- ---'6 DO U8 RSTRX ~ . E TXMOOE 
D5 ~t-- 01 TXMOOE ~ 
~ ~ Address ~ /WE 

D6 A3 f--- ---'6 D2 /WE 17 = .~ Oecode2 ~ /RXWR 
07 A2 I--- ~ 

03 /RXWR 2!J 
RESET 
~ RESET -'10 RESET /CSRAM~ = SYSCLK a..;.;. 

OSC A1 f---+ ~ /CMMO /IOW~ = IOROY 
IOROY A10 f---+ GNO @: GNO fOE ~ GNO = INT 

IRa7 ~f---+ 
+SV :§] +5V 

GNO ~GNO CMMO 00 .. 07 .... .. 
PC 00 .. 07 ... 

... 
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Figure 9(b). Schematic Diagram, Tranceiver and RAM 

RAM AO .. A12 

/WE 

1 NC vcc 

/WE 

CE2 

AS 

A9 

All 

RAM 
JOE 

8Kx8 
U11 

Al0 
ICE1 

/cEl 

07 

De 

05 

04 

03 

DATA 00 .. 07 

I 
CMMO 00 .. 07 
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Figure 9(C). Schematic Diagram, Tx and Rx Address Counters 

TxCounter 
QO •• Q12 

Rx Counter 
QO •• Q12 

... RAM AO .. A12 

.... 

+5V "1 IPL vee ~ +5V +5V ror /PL vee ~ +5V 

II.N_C_TX_-. ____ -I=f /INCTX QOTX ~ I.-+_-I~ RSTRXDC CORX ~I-__ " 

GND ;:;= NC Q1TX ~ r---il---I~ RXTXEOF Q1RX '2i'1---.. 

... ---17 DO Q2TX ~I---" r+--t---I7= /AXRD Q2RX f,1---.. 
~ EEPLO F= ~ EEPLO = 

.... ---415 Dl Q3TX 20 GND 15 NC Q3RX 201---" 

= 20RA10Z F= GND ~8 NC U6 CWYO =19 
.... ---4~ D2 U9 ClYO ~ ~ Rx ~ 
.... ---4~ D3 Q4TX ~ GND ~ NC Q4RX Ta.-.--.. = Tx:::; ~ 00 .. 07 ::;: 
.... ---48 D4 Q5TX 17 r-- 8 /RXWR Q5RX 17 .-.--.. 

i=? 00 .. 06 :;, r;: = 
.... ---4L.!. DIS Q8TX .1!J GNO ~ NC Q8RX ~.-.-;:t.-.--+"'I 
.... ---4:E De ClYl 3--- GNO ~ NC Q7RX ~ J. 

rl.....,.----4~ LDO NC ~ GNO GNO ~ NC CWYl ~~ 
GNO ~ GNO IOE :!!J GNO GNO ~ GNO IOE :I! GNO 

TXMODE 

+5V "1 IPL vee 24 +5V +5V ror IPL vee ~ +5V 

..-+-I--I=f /INCTX TXMOOE ~ I-- r++--I~ RSTRX QaRX ~I---" 
GNO ;:;= NC RxT)(EOF :;:t----...... +H---I~ RXTXEOF OSRX 22"'1---.. 

.......... --47 07 Q12TX f, 7= /AXRO Ql0RX ~I-..--" 
;:: EEPLO = ~ EEPLO 5 

1--1---115 DO Q.llTX 20 GNO 15 NO QllRX 201---" = 20RA10Z = ~ 20RA10Z :§ 
1--1---18 01 Ql0TX 19 i--.!. CWYl U7 CWY3 ~ 

1--1---1;::: U10 = -rof /RXWR Q12RX 1811---.. 
~ D2 Tx Q9TX ~ ~ Rx ..;.;;J~ 

1--1---18 D3 QaTX 17 8 ICS~ CWY2 17 
;::: 07 .. 012 = ~ U8 .. 012 7.:1 

1--1---19 D4 Q7TX 18 - 9 IT'XYJR /INCTX 161-----... 

= = ~ ~ "'---- 10 CTYl ClY2 115 10 RXDC ICE1 15'1---.... 
LOl = = ~ ~ _--++-.... ----f=11 LDl lDO ~r--- ,..- 11 Q7RX RSTRXDC 141----+-I-~ - ;;;;;; ~ ~ 

LOO 

ICSRAM 

ICEl 

RSTRX 

CMMO 
... DO .. 07 

GNO .!! GNO JOE .!! GNO GNO .!! GNO IOE .1!J GND 
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Figure 9(d). Schematic Diagram, EDLC and MCC 

/lOW 

/lOR 

ICS8003 

~ 

:: [!: Al VCC ~ +5V I 
+-------------------------------------------------------~~ AO ~ ~ 

I----t~ TxEN ICS ~t---... 
I----t~ TxD EOLC IRD !!Jt----.... 

~._R_a ______________________________________________ _i~----4i5 TxRa 8003 /WR ~r-.----------.... 
= ~ 

.... OATA 00 .. 07 r___ '6 RxTxDO U12 ICdStO 3-
.......... ~---~=================~:_t1r___ f RxTxDO ICdStO 3---

E: S 
I ~ ",T,O> ~". 3-:§-33 CMMO 00 .. 07 

+5V 1 IPl VCC 24 +5V 9 RxTxD3 ICdSt3 32 .. 
/EDlCR _ ~ _ ~ .. ____ .. ~ 

+--.... ---i--4;.. /EDlCRST /AXRD ~ r___ 22. RxTxD4 ICdSt4 ~. ... . .. ... 

- ~ TXClK IRlNIE ~ r___ ~ RxTxD5 ICdSt5 ~ 
- 4' AXRDY IAXCS ~ r___ 12 RxTxD6 ICdSt6 ~-. 

=5 /Gl EEPRXTXLOEOFD ~ = ~ +---+-f---4 r___ 13 RxTxD7 ICdSt7 28 r= 20RA10Z I- =-
"SY-SC-LK-+-f---4~ DIRl U4 NC ~ GND ....... ----I~ /TxC RxC ~ - RxDC 

+---+-+--~7" SYSClK laY r;s ...-----1I----I--.------i15 /TxWR RxDC 26~--_i~--------
- ~ TXRDY Hand lOX ~ U ~ TxRDY INT ~1--_II------IN-T-7 

~ S~~ ~ ~...... = 
+---+-+-I-~~ TXMODE /TY:NR ~ 17 RxTxEOF COll 24 ~ 

r-+-+---trw RXTXEOF /RlNIR r;;-t--- ~ /RxRD IREsa ~ I--

~ ~ - = 
GND L!.!. NC IORDY ~t-- ~ RxRDY CSN ~t---

GND ~ GND IOE S GND GND ~ VSS AXD B----

/Gl 

DIRl 

TXMODE 

/RlNIR 

RXTXEO ~------------------------~----_+--~ ..... --------------------~ 
IORDY 

r;- MODEl VCC ~ GND 

GND s= GND Tx+ F= 
19 I--

ILPBK ~ = 
3 /LPBK Tx· .g.r-
~ Rx+ TxD 171-- -~ 

/TxC ~ '5 Rx- MCC 

I ~ CSN 8020 TxEN 
= --~ 15r-

r'7 COll U13 Xl = 14 := RxC X2 ~I 'D~ 8 

~ ~ 
9 RxD COll+ s-- =f=120MHZ T 
~ 

GND 10 VSS COll- S- GND GND 
~ 

AUI Cable* 

... 

.... 
"Note resistor termination as shown in 8020 data sheet 
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Figure 10. EEPLD Design Specification 

Address Decode 1 
Logic Gates Example of selected Boolean 
Equations: 

TITLE 
PATIERN 
REVISION 
AUTHOR 
COMPANY 
DATE 

DECODE 1 
U3 -
01 
PEER RESEARCH. 
PEER RESEARCH. 
30TH APRIL 1988. 

CHIP DECODE PAl2ORA10 

;PINS 

;PINS 

;PINS 

;PINS 

1 2 3 4 5 S 
/PL /IOW /lOR AO A1 A2 

7 8 9 10 11 12 
A3 A4 A5 AS SEL GND 

13 14 15 1S 17 18 
/OE /CMMD NC /G1 DIR1 /G2 

19 20 21 22 23 24 
DIR2 /CSSOO3 LDO LD1 /CSRAM VCC 

Address decode PAl2ORA10 U3 is designed generate 
the enable inputs and direction control of 
two 74LS245 bi-directional buffer circuits. 
Also, to create an I/O mapped control load input 
to the transmit counters, i n addition to giving 
select inputs to the RAM buffer and 8003 EDLC 
device. 
The enable signal G2 selcts a data path to and 
from the 8003 EDLC device. Data read and write 
is controlled by the DIR2 signal. The 8003 
internal registers are selected in the I/O 
mapping scheme address 0300 to 0307. The second 
74LS245 is selected in the memory map 0308 to 030F 
and enables a bi-directional path to the 8k 
byte RAM buffer store and the RXTXDO-D7 I/O 
path to and from the 8003 device. 

EQUATIONS 

G2 = SEL */A6*/A5*/A4*/A3*IOR ;ADDRESS 
+ SEL */AS*/A5*/A4*/A3*IOW ; SELECT 
+ SEL */AS*/A5*/A4*A3*/A2*IOR ;300 TO 
+ SEL */AS*/A5*/A4*A3*/A2*IOW ;30B 

/DIR2 = SEL */A6*/A5*/A4*/A3*IOR ; READ ONLY 
+ SEL */A6*/A5*/A4*A3*/A2*IOR ;300 - 30B 

G1 = SEL */AS*/A5*/A4*A3*A2*IOR 
; (30B UNSUED) 
;ADDRESS 

+ SEL */A6*/A5*/A4*A3*A2*IOW ;SELECT 
;3OCTO 

/DIR1 = SEL */A6*/A5*/A4*A3*A2*IOR ;30F DIR 
; READ ONLY 

CS8OO3 = SEL */AS*/A5*/A4*/A3*IOR ;SELECT 
+ SEL */AS*/A5*/A4*/A3*IOW ;8003300 

;T0307 
CMMD = SEL */AS*/A5*/A4*A3*/A2*/A 1 ; RESET EDLC 

*/AO*IOW ;ADDRESS 308 

CSRAM = SEL */AS*/A5*/A4*A3*A2*/A 1 ;RAM SELECT 
*/AO*IOR ;30C 
+ SEL */AS*/A5*/A4*A3*A2*/A1 ; ENABLES WRITE 
*/AO*IOW ;FROM PC 

LDO = SEL*/AS*/A5*/A4*A3*/A2*/A1 ;LOAD DO-DS 
*AO*IOW ;ADDRESS 309 

LD1 = SEL */AS*/A5*/A4*A3*/A2 ;LOAD 07, DO 
*A1*/AO*IOW ;TOD4 

;ADDRESS 30A 
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SIMULATION 
TRACE_ON 

SETF 

IIORIIOW 
CS8003 LDO LD1 
G1 DIR1 G2 DIR2 
CMMDAOA1 A2Aa 
A4MA6 SEL 
OE IPL IIOR IIOW 
lAO IA1 IA2 lAa IA4 
1M IA6 SEL 

FOR L : = 0 TO 1 DO 
BEGIN 
IF L = 1 THEN 
BEGIN SETF Aa IA2 IA1 lAO 
END 
FOR K : = 0 TO 1 DO 
BEGIN 
IF K = 1 THEN 
BEGIN SETF A2 IA1 lAO 
END 
FOR J : = 0 TO 3 DO 
BEGIN 
IF J = OTHEN 
BEGIN SETF lAO IA1 
END 
IF J = 1 THEN 
BEGIN SETF AO 
END 
IF J = 2 THEN 
BEGIN SETF lAO A1 
END 
IF J = 3 THEN 
BEGIN SETF AO 
END 
FOR I : = 1 TO 2 DO 
BEGIN 
SETF lOR IIOW 
SETF IIOR lOW 
END 
END 
END 
END 
TRACE_OFF 

;TRACEALL 
; SIGNALS 

;ENABLE OUTPUT 
; DISABLE PRE­
;LOAD. SET lOW 
;IOR INACTIVE 
;ADDRESS INPUT 
;TOZEROSEL 
;ACTIVE. ADDRESS 
;AO-AaIS 
; INCREMENTED 
;FROM 0 TO F HEX 
;IN LOOPS L, 
;K, J. IN LOOP 
;1 THE lOW AND 
;IOR ARE TURNED 
;ON AND OFF IN 
;ANTIPHASE. 
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Figure 10. EEPLD Design Specification 

Address Decode 2 

TITLE 
PATIERN 
REVISION 
AUTHOR 
COMPANY 
DATE 

DECODE 2 
U8 -
01 
PEER RESEARCH. 
PEER RESEARCH. 
30TH APRIL 1988. 

CHIP DECODE PAL20RA10 

;PINS 1 2 3 4 
IPL IAEN A7 AS 

;PINS 7 8 9 10 
01 02 03 RESET 

;PINS 13 14 15 16 
IOE IIOW ICSRAM IRXY'IR 

;PINS 19 20 21 22 
RSTRX IEDLCRST ILPBK TXRET 

5 6 
A9 DO 

11 12 
ICMMD GND 

17 18 
/WE TXMODE 

23 24 
SEL VCC 

IAEN, address enable and A9, AS, A7, address 
inputs from the PC bus are gated to form SEL 
a chip select input to the lower order address 
decoder logic PAL20RA10 PATIERN U3./CMMD input 
is a decoded signal from U3 at address location 
308 which enable the data inputs DO, 01, 02 
and 03. When DO and CMMD are valid the 8003 
EDLC chip Is reset. 01 and CMMD reset the RX 
counters U6 and U7. A loop back test in the 
EDLC chip is enabled when 02 and CMMO are valid 
local testing of the interface is possible 
when this mode is selected. 03 and CMMO enable 
the EOLC device to mode 1 operation and 03 with 
a valid CMMO input enable the EOLC 8003 device 
to perform transimission over the interface. 
A composite RAM WE signal is generated from 
CSRAM and lOW or RXY'IR, for PC and RXCounter 
access respectively. 

EQUATIONS 
;ACTIVE HIGH 

SEL = A9*A8*/A7*AEN ;AOORESS 

EOLCRST := DO ; RESET EOLC. 
EOLCRST.CLKF = ICMMD ;8003 LOGIC 
EOLCRST.SETF = RESET ;PC RESET 

RSTRX := 01 ;RESET RECIEVE 
RSTRX.CLKF = ICMMO ;COUNTER. 
RSTRX.RSTF = RESET ;PC RESET. 

LPBK := 02 ;ENABLE 
LPBK.CLKF = /CMMO ; LOOPBACK 
LPBK.SETF = RESET ;PC RESET. 

TXMOOE := 03 ; ENABLE EOLC 
TXMOOE.CLKF = ICMMO ;FORTRANS-
TXMOOE.SETF = TXRET ;PC RESET. 

WE = IOW*CSRAM ;COMPOSITE 
+ RXY'IR ;WRITE ENABLE 

;TO RAM. 

8·116 



SIMULATION 
; TRACE ALL TRACE_ON IAEN ftS AS A7 CMMO 

00 01 02 03 SEL ; INPUT IOUTPUT 
EOLCRST RSTRX LPBK ; SIGNALS 
TXMODEN/E 
lOW CSRAM RXWR 
RESET TXRET 

SETF IAEN ICMMO A7 AS ftS 
lDO 101 102/03 , 
IIOW ICSRAM IRXWR 
IRESET /TXRET ; 
OE/PL 

;TEST SEL OUTPUT SETF AEN 
SETF IA7 
SETF A7/AS 
SETF AS/A9 
SETF lAEN 

;TEST EDLC RESET SETF CMMD 
SETF DO ;TEST RXRST 
SETF /D001 ;OUTPUT 
SETF 10102 ;TEST LOOPBACK 
SETF 10203 ; SELECT 
SETF 103 ;SELECT, TXMOOE 
SETF ICMMD 

;TEST WRITE MODE SETF CSRAM lOW 
SETF IIOW ; SELECTION FOR 
SETF ICSRAM ;THE RAM BUFFER. 
SETF RXWR 
SETF IRXWR , 
TRACE_OFF , 
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Figure 10. EEPLD Design Specification 

Handshake Logic 

TITLE 
PATTERN 
REVISION 
AUTHOR 
COMPANY 
DATE 

HANDSHAKE LOGIC 
U4 -
04. 
PEER RESEARCH. 
PEER RESEARCH. 
30TH MAY 1988. 

CHIP HSHAKE1 PAL20RA10 

;PINS 

;PINS 

;PINS 

;PINS 

1 2 3 4 5 6 
/PL /EDLCRST TXCLK AXRDY /G1 DIR1 

7 8 9 10 11 12 
SYSCLK TXRDY TXMODE RXTXEOFNC GND 

13 14 15 16 17 18 
fOE IORDY fRXWR /T>W'IR fOX /OY 

19 20 21 22 23 24 
NC RXTXEOFD /AXCS /RXWE /AXRD VCC 

Pins AXRDY and /AXRD perform the handshake operation 
between the 8003 ethernet interface and the PAL20RA10 
the AXRDY high output from the S003 chip tells the 
PAL20RA10 that there exists, at least one, data byte 
in the internal 16 byte FIFO. when this signal goes 
high it is sampled by the rising edge of TXCLK which 
is the transmitter clock output of the 8020 Manchester 
encoder device. the internal state machine output of 
/AXRD performs the handshake response, while /RXWE and 
/AXCS cycles through a write operation. The /R>W'IE 
signal is not used for RAM write operations it 
is used here as an additional register to enable 
the correct sequence in the /AXRD AXRDY handshake 
state machine. it is fAXCS going active LOW that 
creates the RAM write operation. 
The TXRDY and /T>W'IR are the transmitter handshake 
signals. The EDLC 8003 sends a valid TXRDY signal 
when its internal 16 byte FIFO is empty. If the 
handshake operation is enabled by TXMODE then the 
process of reading data from the buffer RAM and 
writing to the S003's fifo continues until an end 
of file (RXTXEOF) is generated by PAL20RA 10 U10. 
Control of the buffer RAM is handled by AXCS and 
RXWE. AXCS is the RAM chip select signal that is 
active during write operations. It is gated with 
two other signals in PAL20RA10 U5 to select the 
RAM during both read and write operations. TXMODE 
is enabled or disabled by software in the PC. 

OUATIONS 

/AXRD : = AXRD*RXWE*/AXCS ;TOGGLE AXRD. 
+ T>W'IR ;WAIT T>W'IR. 
+ /AXRD*/RXWE*AXCS ; HOLD AXRD ACTIVE. 
+ /RXWE*/AXCS*/AXRD ; HOLD AXRD IF 
*/AXRDY ; AXRDY NOT TRUE. 

/RXRD.CLKF = TXCLK ;CLOCK AXRD. 
/AXRD.RSTF = EDLCRST ;RESET AXRD. 

/RXWE : = /AXRD*/RXWE*/AXCS ;HOLDRXWE. 
+ AXRD*RXWE*/AXCS ;TOGGLE RXWE. 
+ /AXRD*/RXWE*AXCS ;HOLDRXWE. 

/R>W'IE.CLKF = TXCLK 
/RXWE.RSTF = EDLCRST 

AXCS : = AXRD*/RXWE*/AXCS ; ENABLE RAM 
+ G1*DIR1 ; ENABLE U2. 

/AXCS.CLKF = TXCLK 
fRXCS.RSTF = EDLCRST 

RXWR = AXRD*RXWE*AXCS ;WRITE TO RAM 
;WHEN AXRD,RXWE 

IORDY G1*/AXRD ; AXCS ACTIVE 
IORDY.CLKF SYSCLK ; ENABLE AND 
IORDY.SETF EDLCRST ;CONTROLU2 
IORDY.TRST GND ; DIRECTION. 
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TXWR : = /TXWR*TXRDY*TXMODE ; TXWA ACTIVE 
*/AXTXEOFD*/AXRDY*/AXRD; IF TXRDY AND 
+ TXWR*QX ;TXMODE SET. 
+ TXWR*QY ;QX AND QY 

TXWR.CLKF 
TXWR.RSTF 

= TXCLK ; HOLD TXWR 
= EDLCRST ;ACTIVE FOR 

QX 
;THREE CLOCK 

: = /TXWR*TXRDY*TXMODE ;CYCLES. TO 
*/AXTXEOFD*/RXRDY*/AXRD; SATISFY RAM 

QX.CLKF 
QX.ASTF 

= TXCLK ;WRITE CYCLE 
= /TXMODE ;TIME. 

QY 
QY.CLKF 
QY.ASTF 

AXTXEOFD 
AXTXEOFD.CLKF 
AXTXEOFD.SETF 

:= QX 
= TXCLK 
= /TXMODE 

:= AXTXEOF 
= /TXWR 
= /TXMODE 

; REGISTERS QX 
;AND QY STRETCH 
;TXWR. 

SIMULATION 
TRACE_ON TXCLK EDLCAST TXRDY ;TRACE ON ALL 

/TXWR /QX /QY AXRDY /AXRD ;SIGNALS. 
/RXWE/RXCS/RXWR/SYSCLK; 
10RDY /Gl DIRl ; 

SETF /TXCLK /SYSCLK EDLCRST 
/RXRDY OE /PL /Gl 
DIRl /TXRDY TXMODE 

SETF /EDLCRST 
FOR I : = 1 TO 8 DO 
BEGIN 
SETF 
SETF 

TXCLK/SYSCLK 
/TXCLK SYSCLK 

END 
SETFAXRDY 
FOR J : = 1 TO 2 DO 
BEGIN 
FOR I : = 1 TO 8 DO 
BEGIN 
SETFAXRDY 
IF I = 2 THEN BEGIN 
SETF /RXRDY 
END 
SETF 
SETF 
END 
END 

TXCLK/SYSCLK 
/TXCLK SYSCLK 

SETF /RXRDY Gl 
FOR J : = 1 TO 4 DO 
BEGIN 
SETF Gl 
FOR I : = 1 TO 4 DO 
BEGIN 
SETF 
SETF 
END 
SETF 
SETF 
SETF 
END 

/TXCLK SYSCLK 
TXCLK/SYSCLK 

/Gl 
/TXCLK SYSCLK 
TXCLK/SYSCLK 

SETF TXRDY TXMODE /AXTXEOF 
FOR I : = 1 TO 16 DO 
BEGIN 
SETF /TXCLK SYSCLK 
SETF TXCLK /SYSCLK 
END 
TRACE_OFF 

; SET IDLE MODE, 
;NO INCOMING DATA 
;FROM ETHERNET. 
; NO PC ACCESS. 

;CLOCK FOR EIGHT 
; PERIODS TO TEST 
;HOLD CONDITION. 

; SET RECIEVER READY 
;8003 FIFO HAS DATA 
;FROM ETHERNET. 
; SET A LOOP FOR 
;SIXTEEN CLOCK 
; CYCLES. FOUR HAND­
;SHAKE CYCLES TAKE 
; PLACE. RXRDY TURNS 
;OFF THEN ON AFTER 
; FIRST AND THIRD 
; HANDSHAKE. 

;TURN OF RXRDY 
;SELECTION OF Gl 
; BY DECODING ADD­
; RESS FROM PC TO 
;TEST I/O READY 
; SIGNAL. 

;TURN OF PC SELEC­
;TION. 

;TURN OF END OFF 
; FILE TURN ON TXRDY 
;AND TXMODE TO TEST 
;THE TXRDY AND TXWR 
; HANDSHAKE FOR 
; SIXTEEN CYCLES. 
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Figure 10. eEPLD Design Specification 

Rx Counter QO •• Q7 

TITLE 
PATIERN 
REVISION 
AUTHOR 
COMPANY 
DATE 

RXCOUNTER ao-01 
U6 -
04. 
PEER RESEARCH. 
PEER RESEARCH. 
3QTH MAY 1988. 

CHIP COUNTER PAL.20RA10 
, 

;PINS 

;PINS 

;PINS 

;PINS 

1 2 3 4 5 6 
IPL RSTRXDC RXTXEOF IRXRD NC NC 

1 B 9 10 11 12 
NC IRXWR NC NC NC GND 

13 14 15 16 11 18 
10E CWY1 01RX 06RX OSAX 04RX 

19 20 21 22 23 24 
CWYO 03RX 02RX 01RX OOAX vec 
The receive counter has been designed to give 
a binary count output to the BK RAM. Registers 
OOAX· 01AX are contained in PAL20RA10 US and 
registers OBRX· 012RX in U1. The carry outputs 
from U6 are connected to U1 to provide the 
link necessary for a synchronous count. The 
receive counter, AXCOUNTER is clocked by the 
IRXWR input. After a valid RXRD (receiver 
ready) IRXWR from U4 goes LOW to perform a 
write cycle in the RAM. When IRXWR goes HIGH 
the rising edge of this signal increments the 
counter to point to the next location in the 
RAM. The 3 • State control of U6's output 
buffers are controlled by the RXRD so when 
RXRD is active the registered outputs drive 
the RAM address inputs. Unlike the transmit 
counter the receive counter cannot be loaded 
with a starting address, but it can be reset 
from the PC by a decoded I/O address from the 
bus. When RSTRXDC is active the contents of 
the counter is asynchronously set to zero. 
The RXTXEOF signal is an output from the 
EDLC 8003 device during data reception, and 
this signal is used to reset the counter 
after a complete data frame has been received 

eOUATIONS 

OOAX 
OORX.CLKF 
OORX.SETF 
OORX.TRST 

01RX 

01AX.CLKF 
01RX.SETF 
01RX.TRST 

02RX 

02AX.CLKF 
02RX.SETF 
02RX.TRST 

Q3RX 

03RX.CLKF 
03RX.SETF 
03RX.TRST 

: = 100RX*/RXTXEOF ;TOGGLE OORX WHEN 
= IRXWR ; RXTXEOF INACTIVE 
= RSTRXDC : CLEAR OUTPUT 
= RXRD ; HIGH· Z WHEN 

;RXRD NOT ACTIVE. 
: = 101RX*OORX*/RXTXEOF ; TOGGLE 01RX 
+ 01 RX*/OORX*/RXTXEOF ; HOLD 01 RX 
= /RXWR ;CLOCK01RX 
= RSTRXDC ; CLEAR OUTPUT 
= RXRD ; HIGH· Z WHEN 

; RXRD NOT ACTIVE. 
: == 102RX*OORX*01RX ;TOGGLE 02RX 
*/RXTXEOF ; 
+ 02AX*/01 RX*/RXTXEOF ; HOLD 02RX 
+ 02RX*/OORX*/RXTXEOF ; HOLD 02RX 
= IRXWR ;CLOCK 02RX 
= RSTRXDC ; CLEAR OUTPUT 
= RXRD ; HIGH· Z WHEN 

;RXRD NOT ACTIVE. 
: == /03RX*02RX*OORX ;TOGGLE 03RX 
*01 RX*/RXTXEOF ; 
+ 03RX*/02RX*/RXTXEOF ;HOLD 03RX 
+ 03RX*/01RX*/RXTXEOF ;HOLD 03RX 
+ 03RX*/OORX*/RXTXEOF ;HOLD 03RX 
-/RXWR ;CLOCK 03RX 
.. RSTRXDC ; CLEAR OUTPUT 
- RXRD ;HIGH • Z WHEN 

seeQ Technology, Incorporated ---------------------------
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CWYO 

Q4RX 

Q4RX.CLKF 
Q4RX.SETF 
Q4RX.TRST 

QSRX 

QSRX.CLKF 
QSRX.SETF 
QSRX.TRST 

Q6RX 

Q6RX.CLKF 
Q6RX.SETF 
Q6RX.TRST 

CWY1 

Q7RX 

Q7RX.CLKF 
Q7RX.SETF 
Q7RX.TRST 

SIMULATION 
TRACE_ON 

;RXRD NOT ACTIVE. 
= QORX*Q1 RX*Q2RX*Q3RX;CARRY PROPAGATE. 

: = /Q4RX*CWYO*/RXTXEOF ;TOGGLE Q4RX 
+ Q4RX*/CWYO*/RXTXEOF ; 
= /R'XtNR ;CLOCK Q4RX 
= RSTRXDC ;CLEAR OUTPUT 
= RXRD ; HIGH - Z WHEN 

; RXRD NOT ACTIVE. 
: = /QSRX*Q4RX*CWYO ;TOGGLE QsRX 
*/RXTXEOF ; 
+ QSRX*/Q4RX*/RXTXEOF ;HOLD QSRX 
+ QSRX*/CWYO*/RXTXEOF ;HOLD QSRX 
= /R'XtNR ;CLOCK QsRX 
= RSTRXDC ; CLEAR OUTPUT 
= RXRD ; HIGH - Z WHEN 

; RXRD NOT ACTIVE. 
: = /Q6RX*QSRX*Q4RX ;TOGGLE Q6RX 
*CWYO*/RXTXEOF ; 
+ Q6RX*/QSRX*/RXTXEOF ;HOLD Q6RX 
+ Q6RX*/Q4RX*/RXTXEOF ;HOLD Q6RX 
+ Q6RX*/CWYO*/RXTXEOF ;HOLD Q6RX 
= /RXWR ;CLOCK Q6RX 
= RSTRXDC ; CLEAR OUTPUT 
= RXRD ; HIGH - Z WHEN 

; NOT ACTIVE. 
= Q6RX*QSRX*Q4RX ; CARRY PROPAGATE. 
* Q3RX*Q2RX*Q1 RX*QORX ; 

: = /Q7RX*CWY1 */RXTXEOF ;Q7RX TOGGLE 
+ Q7RX*/CWY1 */RXTXEOF ; 
= /RXWR ;CLOCK Q7RX 
= RSTRXDC ;CLEAR OUTPUT 
= RXRD ; HIGH - Z WHEN 

; NOT ACTIVE. 

/R'XtNR /RXRD RSTRXDC ;TRACE ALL SIGNALS. 
RXTXEOF QORX Q1 RX Q2RX ; 
Q3RX CWYO Q4RX QsRX ; 
Q6RX CWY1 Q7RX ; 

SETF R'XtNR RXRD RSTRXDC /PL ; ENABLE OUTPUTS AND 
;COUNTER, DISABLE OE /RXTXEOF 

SETF /RSTRXDC 
FOR I : = 1 TO 64 DO 
BEGIN 
SETF /R'XtNR 
SETF RXWR 
END 
TRACE_OFF 

; PRELOAD. 
; FOR 64 CLOCKS 
; COUNT A BINARY 
;ADDRESS SEQUENCE. 
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Figure 10. EEPLD Design Specification 

Rx Counter 08 .. 012 

TITLE 
PATTERN 
REVISION 
AUTHOR 
COMPANY 
DATE 

RXCOUNTER Q8-Q12 
U7 -
04. 
PEER RESEARCH. 
PEER RESEARCH. 
30TH MAY 1988. 

CHIP COUNTER PAl2ORA10 

;PINS 

;PINS 

;PINS 

;PINS 

1 2 3 4 5 
/PL RSTRX RXTXEOF/RXRD NC 

7 8 9 10 11 
/rwNR /CSRAM /TXWR RXDC 07RX 

13 14 15 16 17 
fOE RSTRXDC/CE1 /INCTX CWY2 

19 20 21 22 23 
CWY3 Q11RX Q10RX Q9RX 08RX 

PAl2ORA10 U7 is used in conjunction with U6 
as an counter to address the aK RAM as a 
receive buffer. When the EDLC 8003 device is 
receiving data the RXRDY and /RXRD handshake 
control the flow of data from the EDLC's 
FIFO. As with U6 rwNR and RXRD control the 
incrementing and 3 - State disable of the 
output buffers from each counter register. 
Q7RX - Q10RX perform the conventional binary 
count, but Q11RX and Q12RX pOint to the page 
boundaries at 0 - 2K, 2K - 4K and 4K - 6K. 
The RXCOUNTER does not encroach into the 
RAM space allocated for transmition of data, 
6K - 8K. The count sequence of Q11 RX and 
Q12RX is of the sequence 0 to 1 to 2 then 
back to O. 
Additional logic has been incorporated in 
this device, /INCTX and /CE1. The /INCTX 
output is a combinational sum of CSRAM and 
/TXWR and is responsible for incrementing 
the transmitter counter U9 and U10 after 

6 
CWY1 

12 
GND 

18 
Q12RX 

24 
VCC 

a PC or EDLC access. The /CE1 is a sum of 
CSRAM, /TXWR and /RXRD to enable RAM access 
from the PC, EDLC in transmit mode or EDLC 
in receive mode. 

EQUATIONS 

CWY2 = CWY1*Q7RX 
; CARRY THROUGH 
; FROM U6. 

QaRX 

QaRX.CLKF 
QaRX.SETF 
QaRX.TRST 

Q9RX 

Q9RX.CLKF 
Q9RX.SETF 
Q9RX.TRST 

Q10RX 

Q10RX.CLKF 
Q10RX.SETF 
Q10RX.TRST 

CWY3 

: = /QaRX*CWY2*/RXTXEOF ;TOGGLE Q8RX 
+ QaRX*/CWY2*/RXTXEOF ; HOLD QaRX 
= /RXWR ;CLOCK QaRX 
= RSTRXDC ; CLEAR OUTPUT 
= RXRD ; HIGH - Z WHEN 

; NOT ACTIVE. 
: = /Q9RX*QaRX*CWY2 ;TOGGLE Q9RX 
*/RXTXEOF ; 
+ Q9RX*/Q8RX*/RXTXEOF ; HOLD Q9RX 
+ Q9RX*/CWY2*/RXTXEOF ; HOLD Q9RX 
= /RXWR ;CLOCK Q9RX 
= RSTRXDC ; CLEAR OUTPUT 
= RXRD ; HIGH - Z WHEN 

; NOT ACTIVE. 
: = /Q10RX*Q9RX*QaRX ;TOGGLE Q10RX 
*CWY2*/RXTXEOF ; 
+ Q10RX*/QaRX*/RXTXEOF;HOLD Q10RX 
+ Q10RX*/Q9RX*/RXTXEOF;HOLD Q10RX 
+ Q10RX*/CWY2*/RXTXEOF ;HOLD Q10RX 
= /RXWR ; CLOCK Q10RX 
= RSTRXDC ; CLEAR OUTPUT 
= RXRD ; HIGH - Z WHEN 

;NOT ACTIVE. 
= CWY2*QaRX*Q9RX*Q10RX ; CARRY PROPAGATE. 

seeQ Technology, Incorporated ---------------------------
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011RX 

011RX.CLKF 
011RX.SETF 
011RX.TRST 

012RX 

012RX.CLKF 
012RX.SETF 
012RX.TRST 

RSTRXDC 

INCTX 

CE1 

SIMULATION 
TRACE_ON 

SETF 

: = /011RX*/012RX 
*RXTXEOF 
+ 011 RX*/RXTXEOF 
=/RXWR 
= RSTRX 
= RXRD 

;011 RX TOGGLES IF 
;012RX IS LOW. 
;AND NOT RXTXEOF 
; ELSE HOLD. 
;CLEAR OUTPUT 
;HIGH - Z WHEN 
; NOT ACTIVE. 

: = /012RX*011RX*RXTXEOF ;012RXTOGGLES IF 
+ 012RX*/RXTXEOF ;Q11RX HIGH AND 
= /RXWR ; NOT RXTXEOF ELSE 
= RSTRX ;HOLD. CLEAR 
= RXRD ;OUTPUT HIGH-Z 

;WHEN NOT ACTIVE. 
= RSTRX + RXDC;RESET OR RXDC 

= CSRAM ;CSRAM OR TXWR 
+ TXWR ; INCREMENTS TX 

= CSRAM 
+TXWR 
+ RXRD 

/RXWR /RXRD RSTRX 
RXTXEOF 08RX Q9RX 
010RX CWY3 011 RX 
012RX 

;COUNTER. 
;RAM IS SELECTED 
; FOR PC, TX OR 
;RXACCESS. 

;TRACE ALL SIGNALS. 

RXWR RXRD RSTRX/PL ; ENABLE OUTPUTS 
OE 07RX CWY1 ;DISABLE PRELOAD. 
/RXTXEOF ;WHEN RXTXEOF NOT 

SETF /RSTRX ;ACTIVE CLOCK 
FOR I : = 1 TO 64 DO ;COUNTER 64 TIMES. 
BEGIN ; 
SETF /RXWR ; 
SETF RXWR ; 
END . 
TRACE_OFF ; 

eeeQ Teohnology, Incorporated --------------------------
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Figure 10. EEPLD Design Specification 

Tx Counter QO .. Q6 

TITLE 
PATIERN 
REVISION 
AUTHOR 
COMPANY 
DATE 

TXCOUNTER 00-06 
U9 -
04. 
PEER RESEARCH. 
PEER RESEARCH. 
30TH MAY 1988. 

bHIP COUNTER PAL20RA10 

;PINS 1 2 3 4 
IPL IINCTX NC DO 

;PINS 7 8 9 10 
03 04 05 06 

;PINS 13 14 15 16 
loe NC CTY1 06T 

;PINS 19 20 21 22 
CTYO 03T 02T 01T 

5 6 
01 02 

11 12 
LDO GNO 

17 18 
05T 04T 

23 24 
OOT VCC 

The transmit RAM buffer counter is a load able 
binary counter from the PC bus. When LDO is 
active data on DO - 06 Is loaded into registers 
00 - 06. LOO Is a signal decoded from the PC 
at the I/O location 309. The IINCTX input 
performs two functions, It controls the enable 
output of the counter during a transmission 
access to the RAM buffer and then increments 
the counter on the rising edge. When HIGH the 
counter outputs are In a 3 - State condition. 
In a 3 - State the recieve counter can be 
enabled onto the address inputs of the buffer 
RAM. /INCTX comes from the RAM SELECT PAL20RA 10 
U5. The binary counter 00 - 06 Is synchronous 
with carry enable signals CTY1 and CTYO linking 
the registers in the counter. 

eOUATIONS 

ooT := lOOT ;OOT LSB OF COUNT 
ooT.CLKF = IINCTX ;INCREMENT 
ooT.SETF = /OO*LOO ;LOAO LOW 
ooT.RSTF = OO*LOO ;LOAO HIGH 
ooT.TRST = INCTX ;HIGH-Z 

OH := /OH*OOT ;TOGGLEQ1T 
+ 01T*/OOT ;HOLO 01T 

OH.CLKF = IINCTX ;INCREMENT 
OH.SETF = 101*LOO ;LOAO LOW 
OH.RSTF = 01*LOO ;LOAO HIGH 
OH.TRST = INCTX ;HIGH-Z 

02T : = 102T*00T*OH ;TOGGLE02T 
+ 02T*/OH ;HOLO 02T 
+ Q2T*/00T ;HOLOQ2T 

02T.CLKF :0: IINCTX ;INCREMENT 
02T.SETF = 102*LOO ; LOAD LOW 
02T.RSTF = 02*LOO ;LOAO HIGH 
02T.TRST = INCTX ;HIGH-Z 

03T : = /03T*02T*QOT*QH ;rOGGLE03T 
+ 03T*/02T ;HOL003T 
+ 03T*/OH ;HOL003T 
+ 03T*/00T ;HOLO 03T 

03T.CLKF = /INCTX ;INCREMENT 
03T.SETF = 103*LOO ;LOAO LOW 
03T.RSTF = 03*LOO ;LOAO HIGH 
03T.TRST = INCTX ;HIGH-Z 

CTYO = ooT*01T*02T*03T ; CARRY TO 
;04T, 05T 06T 

seeQ Technology, Incorporated ---------------------------
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O4T 104T*CTYO ;TOGGLE04T 
O4T*/CTYO ;HOLD04T 

04T.CLKF II NCTX ; INCREMENT 
04T.SETF ID4*LDO ; LOAO LOW 
O4T.RSTF 04*LOO ; LOAO HIGH 
O4T.TRST INCTX ;HIGH-Z 

05T : = 105T*04T*CTYO ;TOGGLEOTS 
+ OST*/04T ;HOLOOTS 
+ OST*/CTYO ;HOLOOTS 

05T.CLKF = IINCTX ; INCREMENT 
05T.SETF = 105*LOO ; LOAO LOW 
05T.RSTF = OS*LOO ;LOAO HIGH 
05T.TRST = INCTX ;HIGH-Z 

Q6T : == IOST*OST*04T*CTYO ;TOGGLEOT6 
+ Q6T*/OST ;HOLOOTS 
+ Q6T*/04T ;HOLOOT6 
+ Q6T*/CTYO ;HOLOOTS 

Q6T.CLKF = IINCTX ;INCREMENT 
Q6T.SETF = 10S*LOO ;LOAO LOW 
Q6T.RSTF = 06*LOO ; LOAO HIGH 
Q6T.TRST = INCTX ;HIGH-Z 

CTY1 = Q6T*OST*04T*03T*02T ;CARRY FOR 

SIMULATION 
TRACE_ON 

SETF 

SETF 
SETF 

*0 1 T*OOT 

IINCTXLOO 
OOT on 02T 03T CTYO 
04T OST OST CTY1 OE /PL 
ILOO 00 01 020304 
OS 06 
OE/PLINCTX 
LOO 
/LOO /00 /01 /02/03 
/04/0S/06 

SETF LOO 
SETF ILOO 
FORI:= 1 TO 128 00 
BEGIN 
SETF I NCTX 
SETF IINCTX 
END 
TRACE_OFF 

;NEXT STAGE 

; TRACE ALL 
;SIGNALS. 

;TEST LOAO 
; FUNCTION 
;FORALL HIGH 
;THEN ALL LOW. 

; OISABLE LOAO 
; ENABLE COUNT 
;FOR 128 TEST 
;VECTORS. 

seeQ Technology, Incorporated ---------------------------
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Figure 10. EEPLD Design Specification 

Tx Counter Q7 •• Q12 

TITLE 
PATIERN 
REVISION 
AUTHOR 
COMPANY 
DATE 

TXCOUNTER 07-012 
U10 -
04. 
PEER RESEARCH. 
PEER RESEARCH. 
30TH MAY 1988. 

CHIP COUNTER PAL20RA10 

;PINS 

;PINS 

;PINS 

;PINS 

1 2 3 4 5 6 
/PL /INCTX NC 07 DO 01 

7 8 9 10 11 12 
02 03 04 CTY1 LD1 GND 

13 14 15 16 17 18 
JOE LDO CTY2 07T 08T 09T 

19 20 21 22 23 24 
010T 011T 012T RXTXEOFTXMOOE VCC 

The transmit buffer counter outputs 07T - 012T 
are the higher order address bits to OOT - 06T 
registers from PAL20RA10 U9. 07T is loaded from 
the PC bus I/O location 309 and 010T - 012T is 
loaded from DO - D4 at I/O location 30A. The 
outputs when enabled to count access locations 
In the buffer RAM and are incremented by the 
riSing edge of /INCTX, when HIGH this signal 
puts the output buffers into 3 - State. 
The RXTXEOF goes active at the final count of the 
counter, that is when registers 00 - 012 
contain all logic HIGHs. The start location 
of the data tranfer to RAM is loaded from the 
PC bus. The RXTXEOF Signal, when active informs 
the EDLC device that a block of data has been 
read from the buffer RAM and tranmitted by the 
8003 EDLC device The 3 - State condition of RXTXEOF 
is qualified by TXMODE (and input) and /INCTX. 
This is because the EDLC RXTXEOF signal also serves 
as an RXTXEOF output during receive activity. The 
RXTXEOF line is connected to the RXTXEOF pin of the 
8003 EDLC chip. 

EOUATIONS 

07T : = /07T*CTY1 ;TOGGLE07T 
+ 07T*/CTY1 ;HOLD 07T 

07T.CLKF = /INCTX ;INCREMENT 
07T.SETF = /D7*LDO ;LOAD LOW 
07T.RSTF = D7*LDO ;LOAD HIGH 
07T.TRST = INCTX ;HIGH-Z 

O8T : = /08T*07T*CTY1 ;TOGGLE08T 
+ O8T*/07T ;HOLD 08T 
+ O8T*/CTY1 ;HOLD 08T 

O8T.CLKF = /INCTX ;INCREMENT 
O8T.SETF = /DO*LD1 ;LOAD LOW 
O8T.RSTF = DO*LD1 ;LOAD HIGH 
O8T.TRST = INCTX ;HIGH - Z 

09T : = /09T*08T*07T*CTY1 ;TOGGLE09T 
+ 09T*/08T ;HOLD 09T 
+ 09T*/07T ; HOLD 09T 
+ 09T*/CTY1 ; HOLD 09T 

09T.CLKF = /INCTX ;INCREMENT 
09T.SETF = /D1*LD1 ;LOAD LOW 
09T.RSTF = D1*L01 ;LOAD HIGH 
09T.TRST = INCTX ;HIGH - Z 

CTY2 = 09T*08T*07T*CTY1 ; CARRY TO 
; NEXT STAGE 

seeQ Technology, Incorporated ---------------------------
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010T 

010T.CLKF 
010T.SETF 
01 OT.RSTF 
010T.TRST 

011T 

011T.CLKF 
011T.SETF 
011T.RSTF 
011T.TRST 

012T 

012T.CLKF 
012T.SETF 
012T.RSTF 
012T.TRST 

RXTXEOF 

RXTXEOF.TRST 

SIMULATION 
TRACE_ON 

SETF 

SETF 
SETF 

/010T*CTY2 
010T*/CTY2 
/1 NCTX 
/02*l01 
02*l01 
INCTX 

: ... /011T*010T*CTY2 
+ 011T*/010T 
+ 011T*/CTY2 
= /INCTX 
= /03*l01 
= 03*l01 
= INCTX 

;TOGGlE 010T 
;HOl0010T 
;INCREMENT 
; lOAD lOW 
; lOAD HIGH 
;HIGH-Z 

;TOGGlE 011T 
;HOl0011T 
;HOl0011T 
;INCREMENT 
; LOAD lOW 
; LOAD HIGH 
;HIGH-Z 

: ... /012T*011T*010T*CTY2 ;TOGGlE 012T 
+ 012T*/011T ; HOLD 012T 
+ 012T*/010T ; HOLD 012T 
+ 012T*/CTY2 ; HOLD 012T 
= /INCTX ; INCREMENT 
... /04*L01 ; LOAD lOW 
= 04*l01 ; LOAD HIGH 
... INCTX ;HIGH - Z 

... 012T*011T*010T*09T ; END OF FILE 
*08T*07T*CTY1 ;ACTIVE HIGH 
= TXMOOE*INCTX 

INCTX L01 lDO 07T 
oaT 09T 010T CTY2 
011T 012T RXTXEOF 
TXMOOE OE /Pl 
/L01 /lDO INCTX 
07 DO 01 02 03 D4 
CTY1 TXMOOE OE /PL 
l01 lDO 
/l01/lDO /07 /DO 
/01/02/03/04 

, 

;TRACEAll 
;SIGNALS 
, 

;TEST FOR 
;lOAOING OF 
; REGISTERS 
;07T -012T 

SETF l01lDO 

; ENABLE lOAD 
;AlL HIGH 
;THEN All lOW 
; DISABLE lOAD SETF /l01 /lDO /INCTX 

FOR I : = 1 TO 64 DO 
BEGIN 
SETF I NCTX 
SETF /INCTX 
END 
TRACE_OFF 

; ENABLE COUNT 
;FOR 64 CLOCK 
; PULSES. 
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Figure 11. PASCAL Software Source 
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program EDLC; {EDLC Hello Test } 
{ Turbo Pascal Source Usting for PCtx:r/AT 5/1/88 } 
uses crt; 
type 

Str2 = string[2]; Str4 = string[4]; 
Frame = record 

DestinationAddress, SourceAddress : array[1..6] of byte; 
ByteCount : arrayI1 .. 21 of byte; 
Data: array[1 .. 46] of byte; 

end; 
var TransmitFrameBuffer, ReceiveFrameBuffer : Frame; 

Read Byte, Rx2kBank, TestData, TestData1 : byte; 
InKey, OutChar, Select: char; 
TxCount, TxFail, RxCount, RxFaii : word; i: integer; 
Address, LastAddress, ReadWord : word; 
Fail,lnhibitMesS8ge: boolean; 

const 
EDLCStationAddress 
EDLCReceive 
EDLCTransmit 
Command 
LoadTransmitCounterO 
LoadTransmitCounter1 
Fifo Data 

ResetEDLC 
ResetRxCounter 
SetEDLClpbk 
SetTxMode 
ResetTxMode 
ResetAllCommands 
NoCommand 

StartTransmitCommand 
TransmissionSuccess 
StartReceiveCommand 
Received Good Frame 
OldTransmitStatus 
Old ReceiveStatus 
ResetStatus 

= $300; 
= $306; 
= $307; 
= $308; 
= $309; 
= $3OA; 
= $3OC; 

= $01; 
= $02; 
= $04; 
= $08; 
= $00; 
= $00; 
= $00; 

= $08; 
= $08; 
= $EO; 
= $20; 
= $80; 
= $80; 
= $80; 

TestStationAddress : array[1 .. 6] of byte = (00,11,22,33,44,55); 
TestFrame : Frame = 

(DestinationAddress: (00,11,22,33,44,55); 
SourceAddress : (00,11,22,33,44,55); 
ByteCount : (46,00); 
Data: 
(00,01,02,03,04,05,06,07,08,09,10,11,12,13,14,15, 
16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31, 
32,33,34,35,36,37,38,39,40,41,42,43,44,45) ); 

ESC = #27; CR = #13; BKSP = #08; 

function UpCase(inchar : char): char; 
begin 
if inchar in ['a' .. 'z'] then Upcase : = chr( ord(inchar) and $DF) 
else UpCase : = inchar; 
end; 

function h(number : inteqer) : char; begin 
case number of O:h: = O';1:h: = '1';2:h: = '2';3:h: = '3';4:h: = '4';5:h: = '5'; 
6:h: = '6';7:h: = '7';8:h: = '8';9:h: = '9';10:h: = 'A';11:h:='B';12:h: = 'C'; 
13:h:= 'D';14:h: ='E';15:h: = 'F';end; end; 

function HexByte(Number : byte) : str2; 
begin HexByte: = h((Number shr 4) and 15)+h((Number) and 15); end; 

function HexWord(Number: byte) : str4; 
begin HexWord : = h((Number shr 12) and 15) + h(Number shr 8) and 15) 
+h((Number shr 4) and 15) +h((Number) and 15); end; 

pro<?,dure Clear8creen(Color : Word); 
begin 
TextBackGround(Color); 
clrscr; 

end; 
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function Match (Mask, Arg : byte) : boolean; 
begin Match: = not ((Mask and Arg) = 0); end; 

procedure WritePCBus(Address: word; Data: byte); 
begin port [Address] : = Data; end;. 

function ReadPCBus(Address : word) : byte; 
begin ReadPCBus : = port[Address]; end; 

procedure ClearRAM; 
var I,j: Integer; 
begin 
WrltePCBus(LoadTransmltCounterO, 0); 
WritePCBus(LoadTransmltCounter1, 0); 
for j : = 1 to 8192 do WritePCBus(RfoData, 0); 

end; 

procedure DumpRAM; 
var I,j,k : Integer; 
begin 
WrltePCBus(LoadTransmltCounterO, 0); 
WrltePCBus(LoadTransmltCounter1, 0); 
k:= 0; 
while (not(k = 16)) and not(lnKey = ESC) do 

beQin 
fo'1 : = 0 to 15 do 
begin 
wrlte((k*512+j*32):4,' '); 
for I: = Oto 31 do Write(HexByte(ReadPCBus(FifoData))); wrlteln("); 

end; 
writeln("); k: = k + 1; InKey: = Read Key; 

end; 
end; 

pro~edure WritelnRAM(Address: word); var i: Integer; 
begin 
WrltePCBus(LoadTransmitCounterO, Lo(Address)); 
WritePCBus(LoadTransmitCounter1, Hi (Address)); 
write(' ',Address:5,' '); 
for i : = 0 to 31 do Write(HexByte(ReadPCBus(RfoData))); 
wrlteln("); 

end; 

pro~dure DumpRAMPackets; var i : integer; 
begin 

:~:~::~I::l·~ ~~:~::~:~Igg~l~ ~~:~::~:~Igg~~l~ 
writeln II ; WrltelnRAM 4096 ; WritelnRAM 4128 ; 
writeln II ; WritelnRAM 8128; WritelnRAM 8160 ; 
end; 

pro~edure LoadStationAddress; var i : integer; 
begin 
fori:= 1 t06do 

WrltePCBus(EDLCStatlonAddress + i·1, TestStationAddress[i)); 
end; 

Function ReceiveEqualTransmit : boolean; 
type Fb = array[ 1 .. 60] of byte; var TfPtr, RfPtr : A Fb; I : integer; 
begin 

ReceiveEqualTransmit : = true; RfPtr: =addr(ReceiveFrameBuffer); 
TfPtr: = addr(TransmitFrameBuffer); 
for 1 : = 1 to 60 do if not(RfPtr" [I] = TfPtr A [i]) then 

RecelveEqualTransmit : = false; 
end; 

pro~edure InitialTransmltFrameBuffer; var i : integer; 
begin 
for i : = 1 to 46 do if TestData=$11 then 
TransmitFrameBuffer.Data[I]: = random (255) 

else TransmitFrameBuffer.Data[l] : = Testdata; 
end; 

procedure InitializeEDLC; 
begin 
WritePCBus(Command, ResetEDLC + ResetRxCounter); 
WritePCBus(Command, ResetAllCommands); 
ClearRAM; 
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Figure 11. PASCAL Software Source 
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Rx2kBank : = 0; 
Load Station Address; 
WrltePCBus(EDLCReceive, StartRecelveCommand); 
WrltePCBus(EDLCTransmlt, StartTransmltCommand); 

end; 

procedure Initialize; 
begin 
TxCount : = 1; RxCount: = 0; 
TxFail : = 0; RxFall: = 0; 
Randomize; 
Inkey:= "; 
TransmitFrameBuffer : = TestFrame; 
InitialTransmltFrame Buffer; 
InltlalizeEDLC; 
gotoxy(20, 2); wrlte('SEEQ 8003 EDLC Demonstration V1.0'); 

end; 

procedure RAMTest; 
begin 
InKey : = '7'; Fail: = false; LastAddress: = 4095; 
Initialize; 
g otoxy (1 , 3); 
while not (In Key = ESC )do 
be~ln 
WfitepCBuslCommand, ResetEDLC); 
WritePCBus Command, ResetAIiCommands); 
WrltePCBus LoadTransmltCounterO, 0); 
WritePCBus LoadTransmitCounter1, 0); 
for Address : = 0 to LastAddress do 
be~in 
WrttePCBus(FifoData, Hi (Address)); { write(H( Lo (Add ress)) , , ');} 
WritePCBus(FifoData, Lo(Address)); {write(H( HI(Address», ' ');} 
end; 

WrltePCBus(LoadTransmltCounterO, 0); 
WrltePCBus(LoadTransmltCounter1,O); 
Address: = 0; 
while not (Address = LastAddress+ 1) and 

not (InKey = ESC) do 
begin 
ReadWord : = ReadPCBus(AfoData); 
ReadByte : = ReadPCBus(NfoData); 
ReadWord : = swap(ReadWord) + ReadByte;; 
If not(ReadWord = Address) then 
begin 
wrlteln('Address = " HexWord(Address), 

'Read DATA = ',HexWord(ReadWord»; 
InKey : = read key; Fail: = true; 
end; 

Address: = Address + 1; 
end; 

If keypressed then In Key : = readkey; 
If Fail then writeln('Faii RAM Test') 
else wrlteln(,Pass RAM Test'); 
end; 

end; 

procedure ReceiveFrame; 
var I : Integer; 
begin 

WritePCBus(LoadTransmltCounterO, 0); 
WrltePCBus(LoadTransmitCounter1, Rx2kBank*8); 
with ReceiveFrameBuffer do 
begin 
for i: = 1 to 6 do DestinationAddress[i]: = ReadPCBus(AfoData); 
for I: = 1 to 6 do SourceAddress[l] : = ReadPCBus(FifoData); 
for i: = 1 to 2 do ByteCount[i]: = AeadPCBus(AfoData); 
for I: = 1 to 46 do Data[l] : = AeadPCBus(AfoOata); 
end; 
if Rx2kBank = 2 then Rx2kBank : = 0 
else Rx2kBank : = Rx2kBank + 1; 

end; 

procedure TransmitFrame(CurrentMode: byte); 
var I : integer; 
begin 
WrltePCBus(LoadTransmitCounterO, $04); 
WritePCBus(LoadTransmitCounter1, $FF); 

seeQ Technology, Incorporated --------------------------
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with TransmitFrameBuffer do 
begin 
for i: = 1 to 6 do WritepCBuslFifoOata,OestinatiOnAddreSS[i] ); 
for I: = 1 to 6 do WritePCBus FifoOata, SourceAddress[i] ); 
for i: = 1 to 2 do WritePCBus FifoOata, ByteCount[i) ); 
for i: = 1 to 46 do WritePCBus(FifoOata, Oata[i] ); 
end; 
WritepCBuslLoadTransmitCountero, $C4); 
WritePCBus LoadTransmitCounter1, $FF); 
WritePCBus Command, SetTxMode + CurrentMode); 

end; 

procedure ReadCharacter; 
var SaveX,SaveY: byte; 
begin 

while not keypressed do 
begin 
Read Byte : = ReadPCBus(EOLCReceive); 
if not Match ( OldReceiveStatus, Read Byte) then 
begin 

SB.veX: = whereX; SaveY: = whereY; 
gotoxy(3,l 0); 
write('Receive Status = " Hex Byte (Read byte), , '); 
ReceiveFrame; 
gotoxy(3,6); 
write('Receive Message '); 
i'= l' 
repeat 
if i = 1 then clreol; 
OutChar : = (chr(ReceiveFrameBuffer.Oata[i))); 
if OutChar in ['0' . .'9', 'a' . .'z', 'A' . .'Z','.',',',' 'J then write(OutChar); 
i:= 1+ 1; 

until (i = 47) or (OutChar = CR) or (OutChar = ESC); 
gotoxy(1,13); OumpRAMPackets; 
gotoxy(SaveX,Savey); 

end; 
end; 
InKey := read key; 

end; 

procedure HelioHello; 
var i : integer; 
beQin 

InItialize; InKey : = '1'; 
while not (InKey = ESC) do 

begin 
gotox>.:(3,4); clreol: 
write( Transmit Message '); 
i:= 1; 
repeat 

ReadCharacter; 
if In Key in ['0' . .'9', 'a' . .'z', 'A' . .'Z','.',',',"J then 
begin 

write(ln Key); 
TransmitFrameBuffer.Oata[iJ : = ord(lnKey); 
i:= i + 1; 

end; 
if (In Key = BKSP) and not (i = 1) then 
begin 

write(BKSP); write(' '); write(BKSP); 
i: = i - 1; 
TransmitFrameBuffer.Oata[iJ : = ord(' '); 

end; 
until (i = 47) or (InKey = CR) or (In Key = ESC); 
while not Q = 47) do 
begin 
TransmitFrameBuffer.Oata[iJ : = 0; 
i:= i + 1; 

end; 
TransmitFrame(NoCommand); 
ReadByte : = OldTransmitStatus; 
i'- l' 
"":hlle Match(OldTransmitStatus, ReadByte) and not (i = 1000) do 
begin 

ReadByte : = ReadPCBus(EOLCTransmit); i : = i + 1; 
end; 
WritePCBus(Command, ResetTxMode); 
gotoxy(3,8); 
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wrlte('Transmlt Status = " HexByte (Read byte), , '); 
TxFaii : = TxFall + 1; 
gotoxy(1,13); 
Dump RAM Packets; 

end; 
end; 

Procedure WrlteFrame(Buffer : Frame); 
type Fb=array[1 .. 60] of byte; var RfPtr: "Fb; I : integer; 
begin RfPtr: = addr(Buffer}; for I : = 1 to 14 do 

wrlte(HexByte(RfPtr" [I)), ' '); wrltelnC'); 
for I : = 15 to 37 do 
write(HexByte(RfPtr" [I)), ' '); wrlteln("); 

forl:= 38 to 60 do 
write (HexByte(RfPtr "[i)), ' '); writeln("); 

end; 

procedure WaitWhile(Devloe : word; Status: byte); 
var i : integer; 
begin 

ReadByte : = Status; 
i:= 1; 
while Match (Status , Read Byte) and not (i = 10000) do 
begin 

ReadByte : = ReadPCBus(Device); i: = i + 1; 
end; 
write (HexByte(Readbyte), ':'); 

end; 

procedure EchoFrames; 
var i : integer; 
be~in 
. 100tlalize; 
while not(lnKey = ESC) do 
begin 
gotoxy(1,13); 
ReadByte : =; OldReceiveStatus; 
while Match(OldReceiveStatus, Read Byte) and not keypressed do 

Read Byte : = ReadPCBus(EDLCReceive); 
write (HexByte(Readbyte), :'); 
if Match( ReceivedGoodFrame, ReadByte ) then 

writeln('Receive Good Frame') else 
begin 
writeln('Receive Fail '); RxFail: = RxFail + 1; 

end; 
ReceiveFrame; TransmitFrameBuffer : = ReceiveFrameBuffer; 
if not Inhibit Message then WriteFrame(TransmitFrameBuffer); 
writelnC'); 
TransmitFrame(NoCommand); 
WaitWhile(EDLCTransmit, OldTransmitStatus); 
WritePCBus(Command, ResetTxMode); 
if Match( TransmissionSuccess, ReadByte) 

then writeln('Transmit Successful') else 
begin 
wrlteln('Transmit Fail'); RxFail : = RxFail + 1; 

end; 
writeln("); 
Write('COunt = " TxCount,' RxFail = " RxFail,' '); 
TxCount : = TxCount + 1; 
if keypressed then InKey: = readkey; 

end' 
end; , 

groC?edure LoopBackTest(CurrentMode : byte); var i : integer; 

~~;i~lize; 
WritePCBus(Command, CurrentMode); 
while not(lnKey = ESC) do 
begin 
gotoxy(1,13); 
TransmitFrame(CurrentMode); 
WaitWhile(EDLCTransmit, OldTransmltStatus); 
WritePCBus(Command, ResetTxMode + CurrentMode); clreol; 
if Match( TransmisslonSuccess, ReadByte) 

then writeln('Transmisslon Successful') 
else writeln('1ransmlssion Fail'); 
if not InhibitMessage then WriteFrame(TransmitFrameBuffer); 
writeln("); WaitWhile(EDLCReceive, OldReceive$tatus); 

seeQ Technology, Incorporated - ....... -------------.-----------,.-----
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If Match( RecelvedGoodFrame, ReadByte ) then 
begin 

Rece Ive Frame; wrlteln('Recelve Good Frame'); 
If not InhibltMessage then WrlteFrame(ReceiveFrameBuffer); 
if ReceiveEqualTransmit then 
begin if CurrentMode = SetEDLCLpbk then 

wrlte('EDLC Loopback Test Pass') 
else write (,EDLC Transmit Test Pass'); 

end 
else 
begin 
if CurrentMode = SetEDLCLpbk then wrlte('EDLC Loopback Test Fall') 
else wrlte(,EDLC Transmit Test Fall'); 
RxFaii : = RxFall + 1; InitializeEDLC; 
end; 

end 
else 
begin writeln('Receive Fall '); writeln("); 

If not InhlbitMessage then begin Writeln("); Writeln("); Writeln("); end; 
end; 
wrlteln("); 
clreol; Wrlte(, TxCount = " TxCount,' RxFaii = " RxFail, ' '); 
TxCount : = TxCount + 1; InitlalTransmitFrameBuffer; 
If keypressed or (InKey = ") then InKey: = read key; 

end; 
end; 

be!;,!in {main program} 
Initialize; 
TextColor(yellow); InhibitMessage: = false; TestData : = $11; Select: = '7'; 
while not (Select = ESC) do 
begin 
ClearScreen(Blue); InKey: = '7'; 
gotoxy 20, 2 ; write 'SEEQ 8003 EDLC Demonstration V1.0'); 
gotoxy 25, 5; write 'H - Hello Hello'); 
gotoxy 25, 6; write 'L - Loop Back test'); 
gotoxy 25, 7 ; write 'T - Transmit Data Frames'); 
gotoxy 25, 8; write 'E - Echo Frames'); 
gotoxy 25, 9 ; write 'R - RAM Test'); 

gotoxy 25,11 ; write('B - Dump RAM Brief'); 
gotoxy 25, 10~; wrlte('D - Dump RAM'); 

gotoxy 25,12; If not InhibitMessage then 
write('l- Messages = ON') else write('l- Messages = OFF'); 

gotoxy(25,13); case Tes10ata of 
$11: wrlte~'C - Data = Random'); $00: write(,C - Data :;: hexoo'~; 
$55: write 'C - Data = hex55'); $AA: wrlte('C - Data = hexAA); 
$FF: write 'C - Data = hexFF'); end; 

gotoxy(25,14); write('Esc - Quit to DOS'); 
gotoxy(25, 16); If Select = ':/I'then 

begin sound(400); delay(10); 
write(,ERROR!, enter new selection'); nosound; 
end 
else 
wrlte('enter selection'); 

Select: = UpCase(readkey); 
ClearScreen (red); 
case Select of 
'H': HelioHello; 
'L': LoopBackTest(SetEDLCLpbk); 
'T': LoopBackTest(NoCommand); 
'E': EchoFrames; 
'R': RAMTest; 
'0': DumpRAM; 
'B': begin gotoxy(1, 13); DumpRAMPackets; InKey : = read key; end; 
'I': InhibitMessage : = not InhibitMessage; 
'C': begin case Tes10ata of $11: Tes1Oata1 : = $00; 

$00: Tes1Oata1 : = $55;$55: Tes1Oata1 : = $AA; 
$AA: Tes1Oata1 : = $FF; 
$FF: Tes1Oata1 := $11; 
end; 

TestData : = TestData1 
end; 

ESC: write('Quit'); 
else Select: = ':/I' 
end; {case} 

end; 
ClearScreen (Black); 

end. 
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PALASM Is a registered trademark of Monolithic Memories, 
a wholly owned subsidiary of Advanced Micro Devices. 

ABEL Is a trademark of DATA I/O Corporation. 

CUPL Is a trademark of Logical Devices Inc. 

MINC Is a trademark of MINC. 

Turbo PASCAL 4.0 Is a trademark of Borland International Inc. 

seeQ Technology, Incorporated - ...... -------------------------
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GENERAL INFORMATION 





Thermal Resistance of 
SEEQ Products 

March 1987 

LEAD COUNT PACKAGE TYPE QJJA (C/WATTS) 9JC (C/WATTS) 

20 
CERDIP (300 MILS) 60 22 

PLCC 60 UE 

24 
CERDIP (600 MILS) 58 21 

I 

PLASTIC DIP (600 MILS) 49 UE 

28 
CERDIP (600 MILS) 45-55 21 

PLASTIC DIP (600 MILS) 40-50 UE 

32 
LCC 50-65 18 

PLCC 58 UE 

40 CERDIP (600 MILS) 42 18 

NOTES: 1. Actual Thermal Resistance of a given device may vary from the value on the table, this table contains the 
representative values for the package types specified. 

2. All plastic package data refers to CU leadframe material. 

3. All values are for socketed units. 

4. UE = Under evaluation 
LCC = Leadless Chip Carrier 
DIP= Dual-In Line Package 

PLCC = Plastic Leaded Chip Carrier 

Packaging Information 

seEO Plastic Packages Incorporate: SEEa Cerdip Packages Incorporate: 

• High thermal conductivity copper leadframe. • Thermal conductivity Alumina substrates. 
• Silver-filled epoxy die attach material. • Gold Silicon Eutectic die attach. 
• Gold bond wires. • Alloy 42 leadframe. 
• Low stress, moisture-resistant molding compound. • Aluminum bond wires. 
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PLASTIC DUAL-IN-LINE PACKAGES 

'260(6.~0) 
.240 (6.10) 
(NOTE 2) 

20 LEAD PLASTIC PACKAGE TYPE. P 

(NOTE 2) 

1

_ 1.035(26.29)_ 
1.025 (26.04) 

~~~~~~~rr~~~ 

'" TYP. (4 "'CS) -r 
.130 (3.30) NOM. I b;i::I-~I~'i:-J~-=-i"'-'C-:r-""i:-:::;-=-C-i"'-'i:-:::r-",\-=-;"~-t=i-

NOTES 

.070 (1.78) 

.060 (1.52) 

.100 (.254) 
ssc 

1. All dimensions are In Inches and (millimeters). 
2. Dimensions do not include mold flash. Max. allowable mold flash Is .010 (.25). 
3. Dimension Is measured from shoulder to shoulder 
4. Tolerances are ± .010 (.25) unless otherwise specified. 
5. For solder dipped leads, thickness will be .020 (.51) max. 

.010±.002 (.25±.05) 
(NOT'" 5) 

.310/.350 (7.87/8.89) 

seeQ Technology, Incorporated -----------------------------------' 
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PLASTIC DUAL-IN-LINE PACKAGES 

" .530(13 .... ) 
.550 (13.97) 

(NOTE 2) 

24 LEAD PLASTIC PACKAGE TYPE P 

'-___ '.'00(27.84) ___ 404 
REF. 

L_r..,...,....,..~..,....,.....,..,...,....,....,.....,...,....,..,........... 

I ,.255(3"88)~ 
..... _--_ 1.a40 (31.82) 

(NOTE 2) 

.075 (1.91) ...J 

.085 (1.85) ~ - I .1150 (3.81) NOM. --r=;=' ..+------+-+--, =r + 
SEATING PLANE =-j--!-- I [ 

.1 eo (4.83) MAX. J t t .015 (.38) MIN. 

ii 
I I --.1-2-5..l(3-.18) (:800(,5.2:.

,5
• 

- - H .180(4.08) SIC 

.085 (1.85) .020 (.51) .100 (2.54) SIC .870 (17.02) 

.055(1.401 .018(.41) .810 (15.49) 

NOTES 
1. All dimensions are In Inches and (millimeters). 
2. Dimensions do not Include mold flash. Max. allowable mold flash Is .010 (.25). 
3. Dimension Is measured from shoulder to shoulder 
4. Toleranc.s are ± .010 (.25) unle .. otherwise specified. 
5. For lolder dipped leads, thlcknes. will be .020 (.51) max. 

~~~~hC~~~~~CM~~~d--------------------------------~ 
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PLASTIC DUAL-IN-LINE PACKAGES 

24·LEAD SLIM PLASTIC PACKAGE TYPE P 

.170 (4.32) MAX 

.065 (1.65) .130 (3.30) 

'0551(1'4°r~I-_____ 1'255 (31.88) --------t~ NOM 
1.245 (31.62) 

.325 (8.26) 

.300 (7.62) 

.270 (6.86) 

.250 (6.35) 

7f k 
4~CS.~ 

~~~ 

JL I I t .012(0.30) "tj\ 
I I .135 (3.43) .008 (0.20)...f1.J....- I \4Ir"" 

.020 (0.51) ~ ~ .125 (3.18) -. .016 (0.41) 

.100 (2.54) sse .300 (7.62) sse 

NOTES: 
1. All dimensions In Inches and (millimeters). 
2. Dimensions do not Include mold flash. Maximum allowable mold flash Is .010 (.25). 
3. Dimension is measured from shoulder to shoulder. 

;: ~~~~~~3:: 3t~~d'~~~d~~~~I~~::'S:S 0~r:~~2?(.~I~\e:ax. 

seeQ Technology, Incorporated 
MD4000651A 
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PLASTIC DUAL-IN-LINE PACKAGES 

28 LEAD PLASTIC PACKAGE TYPE P 

NOTES 

I 
.550 (13.97) 
.530 (13.46) 

(NOTE 2) 

L~~ ............... ~ 
I 

1.455 (36.96) 
•• ____ 1.~~~~62~O) ----I .. 

1. All dimensions are In Inches and (millimeters). 
2. Dimensions do not Include mold flash. Max. allowable mold flash Is .010 (.25). 
3. Dimension Is measured from shoulder to shoulder. 
4. Tolerances are ± .010 (.25) unless otherwise specified. 
5. For solder dipped leads, thickness will be .020 (.51) max. 

PIN 1 INDICATOR 

seeQ Technology, Incorporated -----------------------------------' 
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PLASTIC DUAL-IN-LINE PACKAGES 

40 LEAD PLASTIC PACKAGE TYPE P 

REF. 

I

_ 1.800 (48.28) "I 

::,~f[:::::::: :::::: :::: ]~~.'I.DI~_ 
1 2 .... ' ..... ' .1 - . 2.055 (52.20) 

(NOTE 2) 

.075 (1.81) _1,.085 (2.18) '''T'' ~ .;.: _.0_75_(_'_.8_1) ___________ .1_50_(_3._8'_)...,NDM~ r"~ MI .. 
. 190J.83) MAX. ~ U .12,1.18) _ I .180 (4.08) 

-I SEATING PLANE 
.055 (1.40) .020 (.51) .100 (2.54) BSC 
.045 (1.14) .018 (.41) 

NOTES 
1. All dimensions In Inches .nd millimeters). 
2. Dlmenelon, do not Include mold fI.sh. Allowable mold flesh Is .010(.25). 
3. Dlmenllon II me.lured from Ihoulder to shoulder. 
4. Tolerene .. lre:l: .010 (.25) unl .. , otherwl .. Ipeeltled. 
5. For lolder dipped leedl, thlcknell will be .020 (.51) mIx. 

seeQ Technology, Incorporated -------....... ----------------------1 
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CERAMIC DUAL-IN-LINE PACKAGES 

20 LEAD HERMETIC CERAMIC DIP PACKAGE TYPE D 

SEATING 
PLANE 

NOTES 

~
.965(24.51)=i 
.935 (23.75) 

I .900 REF. I 
(22.86) 

-11--.005 (.13) MIN. 

'---f ~-.-. 200 MAX. .175 (4.45) 

(5.0'1 t- J L ·"(:::)(l~ 
.070 (1.78) .160 (4.06) , 

.020(0.51) ~~ ~ ~ t J 
.020 (0.51) .110 (2.79) .150 (3.81) 
.016 (0.41) .090 (2.29) MIN . 

• 065 (1.65) 
.045 (1.14) 

1. For solder dipped leads, thickness will be .020 max. 
2. All dimensions In inches and (millimeters). 
3. Dimension Is measured from outside shoulder to shoulder. This 

complies with MiI-M-38510, Appendix C, Dimension E2 on D outlines 
which measures from center of shoulder-t~shoulder per section 50c min • 
. 290 (7.37) max .. 320 (8.13). 

.330 (8.38) 

.300 (7.62) 

I (NOTE 3)1 

~
)I .015(.38) REF . 

GAGE LINE 
0"/10' ~ 
REF. .012 (.30) 

.008 (.20) 

I .380 (9.65) I f- .330 (8.38) -j 

~~~~~~M~~~~~O~~d--------------------------------~ 
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CERAMIC DUAL-IN-LINE PACKAGES 
24 LEAD HERMETIC CERAMIC DIP PACKAGE TYPE D 

.225 (5.72) MAX. 

~:::~~G ~L_...!..-===~==~ 

.050 (1.27)~ 

. 020(0.51) 

NOTES 
1. All dimensions In Inches and (millimeters). 

.065 (1.85) _ 

.045(1.14) 

2. For solder dipped leads, thlckne .. will be .020 (.51) max. 

.110(2.79) 

.090 (2.29) 

3. Dimension Is measured from outside shoulder·to-shoulder. This 
complies with MII-M'38510, Appendix C, Dimension E2 on 0 outlines 
which measures from center of shoulder·to-shoulder per section SOc min • 
• 590 (14.99) max .• 620 (15.75). 

1 
.600 (15.24) 
.515(13.08) 

! 

.824 (15.85) 

.800 (15.24) 
(NOTE 3) 

I 0°/10. 
!-REF . 

L.700 (17.78) J I .620 (15.75) ., 

~~~~h~~~~~~~O~~d----------------------------------~ 
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CERAMIC DUAL-IN-LINE PACKAGES 

24·LEAD HERMATIC SLIM CERAMIC PACKEGE TYPE 0 

.308 (7.82) 

.288 (8.81) 

1.250 (31.85) MAX. 

1 1 .230 (31.24)------..t .180(4.57) 

.200 (5.08) _/ '- .085 (1.85) .140 (3.58) 
MAX. I .045(1.14) + 

--t-~ + .080(1.52) 

.15~:~:81) 1 --~V_VII __ V __ V_ -~-_v I--VI--V -_¥ __ l_V_ ::WIJr-~~o"(,,, 
.005 (.13) MIN. -....... -. ...... 

.020 (.508) .110 (2.79) 

.018 (.406) .090 (2.29) 

NOTES 
1. For solder dipped leads, thickness will be .020 max. 
2. All dimensions In Inches and (millimeters). 
3. Dimension Is measured from outside shoulder-to-shoulder. This 

complies with MII-M-3851O, Appendix C, Dimension E2 on 0 outlines 
which measures from center of shoulder-to-shoulder per section 50c min . 
. 290 (7.37) max •. 320 (8.13). 

.320 (8.13) 1 
-.205 (7A9I .1 

~ 
l 1v .012 (.30) 

O· -15· l\.- .008 (.20) 

.400 (10.18)_ 

.320 (8.13) 

seeQ Technology, Incorporated ------------------------~ 
MD 4000651A 9-9 



CERAMIC DUAL-IN-LINE PACKAGES 

28-LEAD HERMETIC CERAMIC DIP PACKAGE TYPE 0 

T 
.57 ± .05 

(14.48 ± 1.27) 

~~~~ 
,. , .1475 ± .0275 

(~8~2± ±~~:) ------ (3.75 ± .7) 

0.225 Max 
(5.721 t~~1 

-------:!....-.04 .... 1-±.02 0.1OO~! 1- rl ~o,.r~I;, ~'N 
(1.02 ± .51) (2.54 ± 0.25) (0.45 ± 0.05) 

.0525 ± .0125 
(1.33 ± .32) 

NOTES 
1. All dimensions In Inches and (millimeters). 
2. For solder dipped leads, thickness will be .020 (.51) max. 
3. Dimension Is measured from outside shoulder·tOo-shoulder. This 

complies with MII-M·38510, Appendix C, Dimension E2 on D outlines 
which measures from center of shoulder·tOo-shoulder per section SOc min . 
• 590 (14.99) max •. 820 (15.75). 

seeQ Technology, Incorporated 
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CERAMIC DUAL-IN-LINE PACKAGES 

28 LEAD HERMETIC WINDOWED CERAMIC DIP PACKAGE TYPE D 

0.240 MAX. tl~ 
(6.10) + 

~O.015 O.'00±0~ ~~ II~,~~'N 
(0.89±0.38) (2.54±0.2S) r (0.4S±0.OS) 

NOTES 
1. All dimensions in inches and (millimeters). 

0.OSS±0.010 
(1.4O±0.2S) 

2. For solder dipped leads, thickness will be .020 (.S1) max. 
3. Dimension is measured from outside shoulder-to-shoulder. This 

complies with Mii·M·38S10, Appendix C, Dimension E2 on D outlines 
which measures from center of shoulder·to-shoulder per section SOc min . 
• S9O (14.99) max .. 620 (1S. 7S). 

O.612±O.012 

I 
(1S.49±O.25)--j 

- (NOTE 3) ,1 

~~~~hC~~~~~CM~~~d~---------------------------~ 
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CERAMIC DUAL-IN-LINE PACKAGES 

32-LEAD HERMATIC CERAMIC DIP PACKAGE TYPE D 

1.51111138.1111 REf. E 
1.685142.8111 
1.635141.531 

.61111 Cl5.241 

.515U3.1lB1 

~~~ 
l·1I91112.291 

.1I45U.141 

NOT ES 1 

1. fOR SOLDER DIPPED LEADS, THICICNESS WILL BE .828 HRX. 
2. FLL DII4ENSIONS IN INO£S AND II4ILLII4ETERSI. 
3. _ OII4ENSION IS I4EASIJRED fROH OUTSIDE SHOIA.DER TO SHOUlDER. 

1_.628115.751 Ie .... us.,,' 

J~,~~. 
L .7211118.291 

.6211115.751 

J 
\T~' .8121.381 

.11881.2111 

-J 

seeQ Technology, Incorporated ----------------------------....... 
MD 4000651A 
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CERAMIC DUAL-IN-LINE PACKAGES 

32·PIN CERAMIC SUBSTRATE MODULE TYPE M 

I 
IIRRRRRRRI 

I 

I 
l - - -

1.598140.54)~ 
1.584 39.73) m ffi'H'R'Rm I 

II H It 

J 
I ,U 
Il - ~ G.3:::13~1 

0.200 15.08) 
0.150 3.81) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ LJ·~ 

]
0.09912.51) 
0.081 2.08) 

--11- -~ 

NOTE: All dimensions in inches (millimeters). 

0.021 10.53) 
0.015 0.38) 
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CERAMIC DUAL-IN-LINE PACKAGES 

40 LEAD HERMETIC CERAMIC DIP PACKAGE TYPE D 

.600 (15.24) 

.515 (13.08) 

+ 
~ .090 (2.23) 

.045(1.14) 

.085 (1.65H I- .005 (.13) MIN • 

. 045(1.1J-4 __ 11 ___ -_1 .. 1~ 

-.L .140 (3.56) SEATING 
PLANE ~ 

.175(4.45) 

'"-f----or- I .225 (5.72) 
MAX. 

.060 (1.52) 

.020 (0.51) 

II 
.125 (3.18) J .160(4.06) 

--
:g~~lg:!~l :~~gl~:~:l .150(3.81) MIN. 

NOTES 
1. For solder dipped leads, thlckne .. will be .020 max. 
2, AU dimensions In Inches and (mlilimet"ral. 
3. Dimension Is measured from outllde 'ShOUlder to shoulder. Thll 

complies with MII-M·38510, Appendix C, Dimension E2 on D outlines 
which measurel from center of shoulder-to-Ihoulder per section SOc min • 
. 590 (14.99) max •• 820 (15.751. 

GAGE LINE 

.012 (.301 SEE NOTE 1 

.008 (.20) 

~~~~~c~o~n~~~O~~d--------------------------------~ 
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SURFACE MOUNT PACKAGES 

28-PIN CERAMIC LEAD LESS CHIP CARRIER TYPE L 

... 1168) 1 0.28 (0.71) 
.442 (11.23) .022 (0.56) 

.435 (11.05) + (28 PLCS) "IJ ~-~-
~~~'~======~~ 

.020x45° 
(0.51 x 45°) 

.009R 
(.23R) 

t 
.055 (1.40) 
.045 (1.14) 

L ~ 
Ilooomoooll 

T t 
.075 (1.91) .062 (1.57) 
.060 (1.52) .050 (1.27) 

Notes: 
1. All dimensions in Inches and (millimeters). 
2. All tolerences shall be ± 0.01 0 (0.25) unless otherwise specified. 

seeQ Technology, Incorporated ---------------------------' 
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SURFACE MOUNT PACKAGES 

32 PIN CERAMIC LEAD LESS CHIP CARRIER TYPE L 

~
1;~:;:;~~31 

I-:: .420·.400 ::-l 
INDEX CORNER I (10.87-10.18) I 

If .520 tEF. 
I (13.21) 

-'

'-(_1:0_.1_8_) -'~~;:;ii;;iM;:;A;d 111'r~" .5200.500 L 
(13.21'12.70) 

* 

NOTES 
1. All dimensions In Inche. and (mlillmetera). 
2. All tolerances shall be ± .010 (.25) unle .. otherwls. specified. 

.045·.055 J 
(1.14'1.40) 

(TVP. 31 plcl.) 

.071-.058 (1.80·1.50) 

I H .082 •. 088 Id (2.08·1.73) 

.02o±.010 x 45° 
(.51±.25 x 45°) 

.040 x 45° 
(1.02 x 45°) 

(TVP. 3 plcl.) 

~~~~h~~~~~~~O~~d-----------------------------~ 
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SURFACE MOUNT PACKAGES 

32 PIN WINDOWED CERAMIC LEADLESS CHIP CARRIER TYPE L 

~
_ .458·.442 j 

(11.63-11.23) 

.420..400_ 
INDEX CORNER r<;0.67-10.16) I 

.56 if 
(14.2 1 

.400 

]:' 

-~~r 0 2-13.32) 

.520..500 
(13.21-12.70) 

L I I 

1

_ .300 ---I 
(7.62)--1 

NOTES 
1_ All tolerances shall be ± _010 (_25) unless otherwise specified. 
2. All dimensions are In inches and (millimeters). 
3. Drawing 295003 forms a part of this drawing. 

seeQ Technology. Incorporated 
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.020 ± .010 x 45' 

,.,.""'M'!..".""' .... ~/ (.51 ± .25 x 45') 

.015 MIN. (TYP.) 
(.38) 

.115-.098 

.009 ± .005R 
(.23 ± .13) 

.040 x 45' 
(1.02 x 45') 
TYP. 3 PLCS 

"·pr.".059 
I i::J (1.80-1.50) 



SURFACE MOUNT PACKAGES 

20 PIN PLASTIC LEADED CHIP CARRIER TYPE N 

.045 x 45' PIN NO.1 IDENTIFIER 
(1.14 x 45') 

n7-------t 
.385 (9.78) 
.395 (10.03) 

~1-=-L-.J_.3S3'8.971 ~ I 
1_-----.385(9.78) ~ 

.395 (10.03) 

NOTES 
1. All dlmenalons In Inchea and (millimeters). 
2. All tolerancea shall be ± .. 003 (.08) 

unleaa otherwlae apeclfled. 
3. Dlmenalona do not Include mold flaah. 

Max allowable flaah la .008 (.20). 

I 
I ----E9--------

.030 (.76) 
REF. 

I 
I 

.050 (1.27) 
REF. 

1_ .020 (.51) MIN . 

. 025 (.84) 
---1--- R 

"-~L..-L_ .045 (1.14) 

.015 (.38) 

.025 (.84) 

~~~~hC~O~~~~~O~~d-------------------------------~ 
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SURFACE MOUNT PACKAGES 

28-PIN PLASTIC LEADED CHIP CARRIER TYPE N 

.045 x 45° 
(1.14x45°) 

"" 
PIN NO. 1 IDENTIFIER 

m D.'90 (.w)TT 
.0454 (11.53) 

I4---D.45'(l1.53)~ I 
.... ---0.490 (12.45)~ 

Notes: 
1. All dimensions in inches and (millimeters). 
2. All tolerences shall be ± .003 (.08) unless otherwise specified. 
3. Dimensions do not include mold flash. Maximum allowable 

flash is .008 (.20) 

seeQ Technology, Incorporated 
MD 4000651A 

,_.-
REF. 
0.300 

L __ _ 

0.300 
(7.62) 

,
REF·

i 
I I I i I I 

I 
I --+--

.030 (.76) I I 
REF. ---.j I- 1..- .050 (1.27) 

REF . 

9-19 

.025 (.64) 
R 

~0.420 (10.67)~ 



SURFACE MOUNT PACKAGES 

32 PIN PLASTIC LEADED CHIP CARRIER TYPE N 

.485 (12.32) 

.495 (12.57) 

PIN 1 

1
·5 . .!,5.11) 
.585 (14.86) 

.549 (13.95) 

.553 (14.05) 

_I 

NOTES 
1. All dimensions In Inches and (millimeters). 
2. All tolerances shall be ± .003 (.078) 

unless otherwise specified. 
3. Dimensions do not Include mold flash. 

Max allowable flash Is .008 (.20). 

r 
.400 REF. 
(10.160) 

I 

.300 REF. (7.620) 

~ 
t 

.123 (3.12) 

.140 (3.56l 

.015 MIN. (.381) 

.015 (.38) 

.025 (.64) 

-ll-t- .010 (.254) 

-I I-- .078 (1.981) 
.095 (2.413) 

~~~~~c~o~n~cm~~~d----------------------------~-~ 
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SURFACE MOUNT PACKAGES 

68 PIN PLASTIC LEADED CHIP CARRIER TYPE N 

NOTES 

1------.953(24.21) ~I 
.985 (25.02) ====-i 
.995 (25.27) 

1. All dimensions are in inches and (millimeters). 
2. Tolerances are ± .003 (.08) unless otherwise specified. 
3. Dimensions do not include mold flash. Max. allowable flash is .008 (.20). 

Technology, Incorporated 

9·21 

1 _____ .BOO (20.32)---_ 
REF. 

E-' r- .020 (.51) MIN. 

0"'-- .025 (.64) 

1 .045 (1 .14t 
f 

.015 (.38) 

.025 (.64) 

.890 (22.61) 

.930 123.62) 

---"'-JJJ 
I ~- .108(2.74) 

~ _I .118(3.00) 

.170 (4.32) 

.180 (4.57) 



SURFACE MOUNT PACKAGES 

28-LEAD HERMETIC CERAMIC FLATPACK TYPE F 

! -- ----
.050 (1 .27) esc -- -----

t 

I '--

~ --- --

L .045 MAX. (1.14) 

. 130 (3.3Q) 

.090 (2.29) 

I' 

.380(9.85) 
.420 (10.87) 

.015 (.38) 
I .019 (~48) 

I~ 
I 

T 

.000 MIN. 

~ 
-.J 

.003 (.08) 

.006 (.15) 

L 
I 

--L.-____ 

1 
==========~:I FI =========== 

... OTES 

. 028 (.88) 
.045 (1.14) 

~
03O (.78) MIN.--j I 'I 

.250 (8.35) --l .180 (4.57) MIN . 

.370 (9.40) 

1. All dimensions are In Inches and (millimeters). 
2. Tolerances are ± .003 (.078) unless otherwise specified. 

9-22 
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SEEQ Die Sales 

Many of the SEEQ Technology Products contained in this Data Book are available in 
unencapsulated die form. Products sold in die form have been specifically screened to a 
special die sales test flow and are ideally suited for hybrid and memory card applications. 
After screening, all die are optically inspected per method 2010 condition B of MIL-STD 
883C. Die are then placed in waffle packs and enclosed in anti-static vacuum sealed bags 
prior to shipment. 

Foryour reference, the following pages detail product specific bond pad locations and die 
dimensions for the SEEQ products available in die form. Contact the factory or your local 
SEEQ representative for additional information. 

seeQ Technology, Incorporated _____________________ ---1 
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• • 18 • • 20 19 17 

.21 
16 • 

• 22 

• 23 
15 • 

~ • 24 
14 • 

..... 
W • 1 13 • 

• 2 52813 12 • 

• 3 11 • 

• 4 10 • 

9. 

5 6 7 8 • • • • 
I • 

.161 . I 

seeQ~~~~~m~~~----------------------~ 
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• • 21 •• 
/-'" 23 22 20 19 • 

• 24 
18 • 

• 25 17. 
• 27 16 • 

• 28 15 • 
:.... 
0) .1 52833 CD 

.2 
14. 

• 3 13 • 

• 4 
12 • 

11 • 
• 5 10. 

.6 • 7 8.9 • 

I • .206 • I 
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co o 
~ 

• • • • • • 3 2 1 24 23 N/C 

2804A 

8 9 10 11 12 13 14 15 16 17 

• • •••••••• 

• 21 

N/C. 

18. 

1---------.189
---------, 

seeQ~~~~n~~~~~-----------------------~ 
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c:o o .... 

• • • 24 23 22 

2816A/5516A 

9 10 11 12 13 14 15 16 17 19 • 

• • • • • •• • • 18. 

1---------.189---------- I 
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co 
o 

• • • 543 •• 1 28 • • • 27 25 24 

2817A/5517A 

10 11 12 13 14 1.5 16 17 18 19 

• ••••• • • • • 

N/C. 

I~' -....---.,...---.,..........--.189 -----.------1 

seeQ Technology, Incorporated ----...----.--.------------ -------1 
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• • • • 23 22 21 20 

.24 19 • 

• 25 18. 

• 27 17 • 

• 28 16 • 

• 1 15 • 

~ 2864 14. (X) .2 CD 

• 3 
13 • 

12 • 
• 4 

11 • 

• 5 
10. 

6 7 8 9 

• • • • 
I • .214 

I 
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•• N/C 28[1] • • • 432 • 27 • • 25 24 • 23 

• 22 

28C64 

8 21 • • 9 10 11 12 13 14 14 15 16 17 . 18 19 20 • • • • • • • • • • •• • 
I · .243 • I 

NOTE: 
1. Should be double bonded. 
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• 23 • • • 432 •• 1 28[1] • 27 • • 25 24 

• 22 

28C65 

8 21 • • 9 10 11 12 13 14 14 15 16 17 18 19 20 •• • • • • • • • • •• • 
I · .243 • I 

NOTE: 
1. Should be double bonded. 
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• • • • 23 22 21 20 

• 24 19 • 

• 25 18 • 

• 26 17 • 

• 27 16 • 

15. 

• 28[1J 
14 • 

N 28C256 14. 
"" .... 

13. 

• 1 
12 • 

• 2 11 • 

.3 

.4 

.5 10 • 

• 6.7 8.9. 

I · .353 -I 

NOTE: 
1. Should be double bonded. 
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• ••••• •• ••• • 6 5 4 3 2 1 28 27 26 25 24 23 

• • 7 22 

48128 

8 21 

• • 9 10 11 12 13 14 15 16 17 18 19 20 • • • • • •••• •• • 
I- .182 I I 
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• .8 7~ 
.~9 6 5 • 

• 11 
4. 

• 12 3 • 

• 13 
2 • 

1. 

• 14 
28 • 

:.... 
(X) .15 27C256 W 

.16 27. 

• 17 26 • 

• 18 25 • 

• 19 
24 • 

20 21 2223 

•• •• 
I .. .164 , I 
I 

-seeQ Technology, Incorporated ______________________ --J 
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SALES OFFICES 
Gorporate Sales Northern California Southern California Central Area EastemAras 
and Marketing SaleaOfflce SaleaOfflce Sales Office Sales Office 
Headqusrters SEEQ Technology, Inc. SEEQ Technology, Inc. SEEQ Technology, Inc. SEEQ Technology, Inc. 
SEEQ Technology, Inc. 2105 So. Bascom Ave. 23101 Lake Center Dr. 300 Martingale Road 24 New England 
1849 Fortune Drive Suite 185 Suite 120 Suite 650 Executive Park 
San Jose CA 95131 Campbell CA 95008 EI Toro CA 92630 Schaumburg IL 60173 Burlington MA 01803 
Tel: (408) 432-9550 Tel: (408) 371-2100 Tel: (714) 472-2015 Tel: (312) 517-1515 Tel: (617) 229-6350 
Telex: 296609 FAX: (408) 371-1392 FAX: (714) 472-0835 FAX: (312) 517-1519 FAX: (617) 273<l322 
FAX: (408) 43219549 

Authorized North American Manufacturer's Representatives 
Aisbama Colorado ""nols Massachusetts New York Oregon Utah 
Rep., Inc. Component Sales KMASales New England Gen Tech Electronic Harris/CSI, Inc. 

HuntsvilieAL Englewood CO Arlington Heights IL Tech Sales Binghamton NY Component Sales Salt Lake City UT 
(205) 881-9270 (303) 779-8060 (312) 398-5300 Burlington MA (607) 648-8833 Tigard OR (801) 974-5155 

(617) 272-0434 Liverpool NY (503) 245-2342 
Arizona Florida Indiana (315) 451-3480 Washington 
Western High Tech Dyn&-A-Mark Corp. Valentine & Assoc. Michigan Penfield NY Pennsylvania Electronic 

Scottsdale AZ. Casselbeny FL Greenwood IN A. Blumenberg (716) 381-5159 Delta Technical Sales Component Sales 
(602) 860-2702 (305) 831-2822 (317) 888-2260 Assoc., Inc. J-Square Willow Grove PA Mercer Island WA 

Clearwater FL South Bend IN OakPark MI Marketing, Inc. (215) 657-7250 (206) 232-9301 
California (813) 441-4702 (219) 288-7070 (313) 968-3230 Hicksville NY 
Bager Electronics Fort Lauderdale FL (516) 935-3200 Tennessee Wisconain 

Encinitas CA (305) 771-6501 Iowa Minnesota Rep., Inc. KMASales 
(619) 944-4188 Maitland FL Advanced Cahill, Schmitz, & Cahill North Carolina Jefferson City TN Milwaukee WI 

First Rep (305) 629-5557 Technical Sales St. Paul MN Rep .. Inc. (615) 475-9012 (414) 259-1771 
Chatsworth CA Cedar Rapids IA (612) 646-7217 Charlotte NC 
(818) 718-6155 Georgia (319) 365-3150 (704) 563-5554 Texas Canada 

Taarcom, Inc. Rep., Inc. Missouri Morrisville NC Southern States Electro Source, Inc. 
Mountain View CA TuckerGA Kansas Advanced Tech Sales (919) 469-9997 Marketing Nepean, Ontario 
(415) 960-1550 (404) 938-4358 Advanced St. Louis MO Austin TX (613) 726-1452 

Technical Sales (314) 878-2921 Ohio (512) 835-5822 Pointe Claire, Quebec 
Connecticut Olathe KS Omega Sales Inc. Richardson TX (514) 630-7466 
New England Tech Sales (913) 782-8702 New Mexico Centerville OH (214) 238-7500 Rexdale, Ontario 

WallingfordCT Nelco Electronix (513) 434-5507 Houston TX (416) 675-4490 
(203) 284-8300 Maryland Alburquerque NM Shaker Heights OH (713) 960-9556 

New Era Sales (505) 293-1399 (216) 751-9600 
Severna Park MD 
(301) 554-4100 

Authorized North American Distributors 
Alabama Chatsworth CA Georgia Massachusetts New Jersey Oklahoma Time Electronics 
O.C.lSoutheast, Inc. (818) 998-7200 O.C.lSoutheast, Inc. Anthem Anthem Quality Components Austin TX 

Huntsville AL San Diego CA Norcross GA Wilmington MA Fairfield NJ Tulsa OK (512) 339-3051 
(205) 830-1881 (619) 586-1331 (404) 449-9508 (617) 657-5170 (201) 227-7960 (918) 684-8612 Carrollton TX 

Schweber Elect., Inc. Sunnyvale CA Schweber Elect., Inc. Schweber Elect., Inc. Schweber Elect., Inc. Schweber Elect., Inc. (214) 241-7441 
Huntsville AL (408) 734-9888 Norcross GA Bedford MA Fairfield NJ Tulsa OK Houston TX 
(205) 895-0480 TorranceCA (404) 449-9170 (617) 275-5100 (201) 227-7800 (918) 622-6000 (713) 530-0800 

(213) 320-0880 Time Electronics Time Electronics Time Electronics Zeus Components 
Arizona Zeus Components NorcrossGA Peabody MA Pinebrook NJ Oregon Richardson TX 
Anthem San Jose CA (404) 448-4446 (617) 532-6200 (201) 882-4611 Anthem (214) 783-7010 

TempeAZ. (408) 998-5121 Zeus Components Beaverton OR 
(602) 966-6600 Yorba LindaCA ""nols Lexington MA' New York (503) 643-1114 Utah 

Schweber Elect., Inc. (714) 921-9000 Anthem (617) 863-8800 Anthem Time Electronics Anthem 
PhoenixAZ Elk Grove Village IL Hauppauge NY Portland OR Salt Lake City UT 
(602) 997-4874 Colorado (312) 640-6066 Michigan (516) 273-1660 (503) 684-3780 (801) 973-8555 

Time Electronics Anthem Schweber Elect., Inc. Schweber Elect., Inc. Schweber Elect., Inc. Time Electronics 
TempeAZ. Englewood CO Elk Grove IL Livonia MI Rochester NY Pennsylvania Salt Lake City UT 
(602) 967-2000 (303) 790-4500 (312) 384-3750 (313) 525-8100 (716) 424-2222 Anthem (801) 973-8181 

Schweber Elect., Inc. Time Electronics Westbury NY Horsham PA 
California Englewood CO Wood DalelL Minnesota (516) 334-7474 (215) 443-5150 Washington 
Anthem (303) 799-0258 (312) 350-0610 Anthem Time Electronics Schweber Elect., Inc. Anthem 

Chatsworth CA Time Electronics Eden Prarie MN E. Syracuse NY HorshamPA BelievueWA 
(818) 700-1000 Englewood CO Indiana (612) 944-5454 (315) 432-0355 (215) 441-0600 (206) 747-1515 
E.lrvineCA (303) 799-8851 Schweber Elect., Inc. Schweber Elect., Inc. Hauppauge NY Pittsburgh PA RedmondWA 
(714) 768-4444 Indianapolis IN Edina MN (516) 273<lloo (412) 982-1600 (206) 881-0850 
Sacramento CA Connecticut (317) 643-1050 (612) 941-5280 Zeus Components Time Electronics Time Electronics 
(916) 922-8800 Anthem Time Electronics Port Chester NY King of Prussia PI> RedmondWA 
San DiegoCA Meridian CT Kansas Edina MN (914) 937-7400 (215) 337-0900 (206) 882-1600 
(619) 453-9005 (203) 237-2282 Schweber Elect., Inc. (612) 835-1250 
'SanJose CA Schweber Elect., Inc. Overland Park KS North Carolina Texas Wisconsin 
(408) 295-4200 DanburyCT (913) 492-2921 Missouri Quality Components Quality Components Schweber Elect., Inc. 

Schweber Elec., Inc. (203) 748-7080 Schweber Elect., Inc. Raleigh NC Addison TX New Bertin WI 
Calabazas CA Time Electronics Maryland Earth CityMO (919) 876-7767 (214) 733-4300 (414) 784-9020 
(818) 880-9886 ChesireCT Anthem (314) 739-0526 Schweber Elect., Inc. Austin TX 
TorrenceCA (203) 271-3200 ColumbiaMD Time Electronics Raleigh NC (512) 835-0200 Canada 
(213) 320-8090 (301) 984-0400 St. Louis MO (919) 867-0000 Quality Components Future Electronics 
IrvineCA Florida Schweber Elect., Inc. (314) 391-6444 Sugarland TX Calgary, Alberta 
(714) 863<l2OO Schweber Elect., Inc. Gaithersburg MD Ohio (713) 240-2255 (403) 259-6408 
Sacramento CA Altamonte Springs FL (301) 840-5900 New Hampshire Schweber Elect., Inc. Schweber Elect., Inc. Downsvisw, Ontario 
(916) 929-9732 (305) 331-7555 Time Electronics Schweber Elec., Inc. Beachwood OH Austin TX (416) 638-4771 
San DiegoCA Pompano Beach ColumbiaMD Manchester NH (216) 464-2970 (512) 339-0088 Edmunton, Alberta 
(619) 450-0454 (305) 977-7511 (301) 984-3090 (603) 625-2250 DaytonOH . DallasTX (403) 486-0974 
San Jose, CA Time Electronics Zeus Components (513) 439-1800 (214) 661-5010 Ottawa, Ontario 
(408) 432-7171 Ft. Lauderdale FL ColumbiaMD Time Electronics Houston TX (613) 829-8313 

Time Electronics (305) 974-4800 (301) 997-1118 Dublin OH (713) 784-3600 Pointe Claire, Quebec 
Agora HilisCA Orlando FL (614) 761-1100 (514) 694-7710 
(818) 707-2890 (305) 841-8585 Zeus Components Vancouver, 
Anaheim CA Zeus Components DaytonOH British Columbia 
(714) 937-0911 OviedoFL (513) 454-1225 (604) 438-5545 

(305) 365-3000 
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Corporate International 
Sales Office 
SEEO Technology, Inc. 
1849 Fortune Drive 
San Jose CA 95131 
Tel: (408) 432-9550 
TWX: 910-338-2313 
Telex: 296609 
FAX: (408) 432-9549 

INTERNATIONAL SALES OFFICES 

Northern European 
Sales Office 
SEEO International Ltd. 
Dammas House 
Dammas Lane 
OldTown 
Swindon SN1 3EF U.K. 
Tel: 44 (0793) 694999 
Telex: 444588 
FAX: 447-93616201 

Central European 
Sales Office 
SEEO Central Europe 
Lussweg 2 
8110 Murnau 
Federal Republic of Germany 
Tel: 49 (08841) 5951 
FAX: 49 (08841) 5955 

Southern European 
Sales Office 
SEEO International Sari 
4 Allee de Pomone, RN13 
78100 Saint·Germaine-en-Laye 
France 
Tel: 33 (1) 30 61 21 23 
Telex: 699912 
FAX: 33 (1) 3061 21 92 

Authorized International Manufacturer's Representatives/Distributors 

Australia Federal Republic Ireland Peoples Republic of China 
RAE Industrial of Germany Allied Semiconductors AET (Asia) L TO. 
Electronics Pty, Ltd. Astek Electronik International Ltd. Bejing 

Austinner Kaltenkirchen Shannon Tel: 81-5728 
Tel: (02) 232 6933 Tel: 49(4191)8711 Tel: + 35361 61777 Hong Kong 
Perth Dacom Electronik Tel: 0-4161384 
Tel: (09) 4702702 Vertreibs GmbH Israel 

SI. Leonards Dusseldorf Vectronics Ltd. South Africa 

Tel: (02) 439 7599 Tel: 49(212)59 30 11 Herzlia Advanced Semiconductor 

Sydney Munchen Tel: (0/52) 556070 or 71 Devices (PTY) Ltd. 

Tel: (02) 232 6933 Tel: 49(89)6092038 Sandton 

Victoria Dacom Elektronic Italy Tel: (011) 802-5820 

Tel: (03) 277 4033 Stuttgart 
Moxel 

Milano Singapore/Malaysia 
Tel: 49(711)741021 

Tel: 39 (2) 61 29 05 21 Oesner Electronics 
Austria Metronik GmbH (Far East) PTE Ltd. 
Sieg·Electronic Hamburg Japan Singapore 

Vienna Tel: 49(40)522 80 91 Japan Macnics Tel: 3373188 
Tel: 43 (222) 92 56 26 Stuttgart Corporation (JMC) 

Tel: 49(711)764033 Kawasaki·City Spain 
Belgium Tel: (0/44) 711 0022 Semiconductors 
Arcobel France Osaka City Barcelona 

Antwerpen·Merksem Radio Television Tel: (0/6) 325 0880 Tel: 34 (3) 217 23 40 
Tel: 32 (03) 646 70 48 Francaise (RTF) 

Gentilly Korea Sweden 

Brazil Tel: 33(1) 46 641101 Hanaro Svensk Teleindustri AB 

Hitech Reptronic Seoul Vallingby 

Sao Paulo Paris Tel: (02) 783-7141 
Tel: (46) 8 761 7300 

Tel: 55-11 (531-9355) Tel: 33(1) 69 28 87 00 Switzerland 
The Netherlands Anatec AG Electronishe 

Denmark Hong Kong Techmation Bauteile 
Exatek A.S. Electrocon Products Ltd. Electronics Manudax Zug 

Copenhagen Kowloon Heeswijk-Ointher Tel: 41 (42) 41 2441 
Tel: 45 1 19 1022 Tel: 3-687214-6 Tel: 31 (4189) 8895 
Farsoe Arcobel Taiwan 
Tel: 45 8 63 3311 India OSS Bright Up Industries Co., Ltd. 

SRI RAM Assoc. Tel: 31(4120)30335 Taipei 
Finland Bangalore Tel: (0/2) 773 2194 
ITIOisti Tel: 602-140 New Zealand 

Helsinki VSI Electronics (N.Z.) Ltd. United Kingdom 

Tel: 358-90739100 Epsom AUCkland Amega Electronics Ltd. 

Tel: 600760 Hampshire, U.K. 
Tel: 0256-843166 

Norway Pronto Electronic Systems Ltd. 

Exatec. A.S. Gants Hill/Essex 

Skaarer Tel: (0/1) 554 6222 

Tel: 47 2 972 950 
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