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Circuit diagrams are included as a means of illustrating typical applications, and complete information for construction purposes is not
necessarily given. The information presented here has been carefully checked, and is believed to be entirely reliable, but no responsibility
is assumed for inaccuracies. Furthermore, no responsibility is assumed by SEEQ Technology, Inc., for its use; nor for any infringements
of patents or other rights of third parties, which may result from its use. No license is granted by implication, or otherwise, under any
patent or patent rights of SEEQ Technology, Inc.

SEEQ Technology makes no warranty for the use of its products and assumes no responsibility for any errors which may appear in this
document nor does it make a commitment to update the information contained herein.

SEEQ retains the right to make changes to these specifications at any time, without notice.
Contact your local sales office to obtain the latest specifications before placing your order.
The following are trademarks of SEEQ Technology and may only be used to identify SEEQ products:

Silicon Signature™
EDLC™

DiTrace™

Mcc™

Assembly locations: Military products are assembled at SEEQ’s offshore (Korea, Philippines, Taiwan) and stateside assembly plants. The
assembly plants are identified by a designated alpha code as part of the device backside marking. The alpha codes used are: Korea = K,
Philippines = P, Taiwan = T, United States = US.A.

Additional copies of this manual or other SEEQ literature may be obtained from:

SEEQ Technology Incorporated
Literature Department

1849 Fortune Drive

San Jose, CA 95131
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SeeQ 2764 (5133)
64K EPROM

27128 (5143)

- 128K EPROM

' April 1985
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Features Description

W 200 ns Access Times at 0 to 70°C SEEQ’s 2764 (5133) and 27128 (5143) are ultraviolet
light erasable EPROMs which are organized 8K x 8

W Programmed Using Intelligent Algorithm and 16K x 8 respectively. They are pin for pin com-
— 21V Vpp patible to JEDEC approved 64K and 128K EPROMs
— 2 Minutes for 27128 (5143) in all operational/programming modes. Both devices
— 1 Minute for 2764 (5133) have access times as fast as 200 ns over the 0 to

70°C temperature and Vgc tolerance range. The
access time is achieved without sacrificing power
since the maximum active and standby currents are
100 mA and 30 mA respectively. The 200 ns allows
higher system efficiency by eliminating the need for
wait states in today’s 8- or 16-bit microcomputers.

W JEDEC Approved Bytewide Pin
Configuration
— 2764 8K x 8 Organization
— 27128 16K x 8 Organization

B Low Power Dissipation

— 100 mA Active Current Initially, and after erasure, all bits are in the “1” state.
— 30 mA Standby Current Data is programmed by applying 21 V to Vpp and a
TTL “0” to pin 27 (program pin). The 2764 (56133) and
B Extended Temperature Range Available 27128 (5143) may be programmed with an intelligent
M Silicon Signature™ (continued on page 2)
Block Diagram Pin Configuration
2764/27128
vppc 1 s Vee
A,,C 2 27 | JPGM
A ROW MEMORY A’C 3 2 L) At
R DECODERS ARRAY Al 4 25 [ DA
A,-,c 5 24 Ag
A s 23 Jan
A7 22 [ §OE
Azc 8 21 { DA
Ac :>‘ g%gg‘s’:i COLU:;A:JT?:(?RESS A1C 9 20 Ce
Aol g 10 19 [ o,
— oog 1 18 [ §0s
oF o] 12 17 [0
_CE ~  “oae Butrens 'd ¢
FGN————»| oz[: 13 16 [ )0,
@ GNDC 14 15 [ RO;
oo NOTE 1: PIN 26 IS A NO CONNECT
Mode Selection ONTHE 2764
PINS | CE | OE | PGM | Vpp | Ve Outputs
MODE 20) | 22) | (27) (1) | (28) | (11-13, 15-19) .
Read viL | Vi Vin Vce | Veoe Dout Pin Names
Output Disable X Vi Vce Vee | Voe High Z Ac ADDRESSES — COLUMN (LSB)
Standby VIH X X Vece | Vee High Z An ADDRESSES — ROW
Program ViL VIH ViL Vpp Vee DiN CE CHIP ENABLE
Program Verify ViL | Vi ViH Vep | Vcc Dout OE OUTPUT ENABLE
Program Inhibit ViH X X Vpp Vce High Z 0o - 07| OUTPUTS
Silicon Signature™*[ ViL | ViL ViH Vce | Voo Encoded PGM PROGRAM
ata

X can be either ViL or Vin
* For Silicon Signature™: Ao is toggled, Ag = 12V, and all other addresses are at a TTL low.
Silicon Signature™ is a registered trademark of SEEQ Technology.

b eeeQ Technology, Incorporated
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- eeeQ Technology, Incorporated

algorithm that is now available on commercial pro-
grammers. The programming time is typically 5
ms/byte or 2 minutes for all 16K bytes of the 27128.
The 2764 requires only half of this time, about a min-
ute for 8K bytes. This faster time improves
manufacturing throughput time by hours over con-
ventional 50 ms algorithms. Commercial program-
mers (e.g. Data I/O, Pro-log, Digelec, Kontron, and
Stag) have implemented this fast algorithm for
SEEQ’s EPROMs. If desired, both EPROMs may be

2764 (5133)
27128 (5143)

programmed using the conventional 50 ms pro-
gramming specification of older generation EPROMs.

Incorporated on SEEQ’s EPROMs is Silicon Signa-
ture™. Silicon Signature contains encoded data
which identifies SEEQ as the EPROM manufacturer,
the product's fab location, and programming infor-
mation. This data is encoded in ROM to prevent
erasure by ultraviolet light.

Absolute Maximum Ratings

Temperature

Storage ...l -65°C to +150°C

UnderBias .................... -10°C to +80°C
All Inputs or Outputs with

Respectto Ground ................ +7V to -0.6V
Vpp During Programming with

Respectto Ground ............... +22V to -0.6V
Voltage on Ag with

Respectto Ground ............. +15.5V to -0.6V

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation
of the device at these or any other conditions above those
indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability.

Recommended Operating Conditions (27XX = 2764 and 27128t

27XX-20, 27XX-25 27XX
27XX-30, 27XX-45 27XX-2, 27XX-3, 27XX-4
Vce Supply Voltagel2) 5V+10% 5V 5%
Temperature Range (Read Mode) 0to70°C 0to70°C
Vpp During Programming 21+05V 2105V
DC Operating Characteristics During Read or Programming
Limits
Symbol Parameter Min. Max. Unit Test Conditions
N Input Leakage Current 10 uA VIN = V¢ Max.
lo Output Leakage Current 10 uA Vour = V¢c Max.
lppl2] Vpp Current Read Mode 5 mA Vep = Vce Max.
Prog. Mode 30 mA Vep = 21.5V
lcc1l2l Vcc Standby Current 30 mA CE=VH
lcczl2! Ve Active Current 100 mA CE=0E=ViL
Vi Input Low Voltage -0.1 08 \
ViH Input High Voltage 2 Vec+1 \
VoL Output Low Voltage 0.45 \' loL=21mA
Vou Qutput High Voltage 24 v loH = -400 A
NOTES:

1. The 5133 and 5143 have the same dash numbers and operate with the same operating conditions as the 2764 and 27128 respec-

tively. The specifications are exactly the same.

2. Vg must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.




2764 (5133)
27128 (5143)

AC Operating Characteristics During Read

Limits (nsec)
27XX-2 27XX 27XX-3 27XX-4
27XX-20 27XX-25 27XX-30 27XX-45 Test
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. Conditions
tacc Address to Data Valid 200 250 300 450 | CE=O0E=V)_
tce Chip Enable to Data Valid 200 250 300 450 | OE=Vy
toe Output Enable to Data 75 100 120 150 | CE=ViL
Valid
tor Output Enable to Output 0 60 0 60 0 105 0 130 | CE=viL
Float
ton Output Hold from Chip 0 0 0 0 CE=0E=Vi
Enable, Addresses, or
Output Enable whichever
occurred first
Capacilancem A.C. Test Conditions
Symbol | Parameter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and C; = 100 pF

Input Rise and Fall Times: < 20ns
Input Pulse Levels: 0.45V to 2.4V
Timing Measurement Reference Level:
Inputs 1V and 2V
Outputs 0.8V and 2V

CIN Input Capacitance 4 6 pF VIN =0V
Cout Output Capacitance 8 12 pF | Vout =0V

A.C. Waveforms

TTT Ty
ADDRESSES
ADDRESSES X VALID ><
-

CE

[e——1toe [ - te— tpg[3]
ouTPUT HIGH Z Yy v AJD_O;PUT RN\ HIGH Z
AN o £/ /£

tacc ton —= [e—

NOTES:

1. THIS PARAMETER IS SAMPLED AND IS NOT 100% TESTED. _

2. OE MAY BE DELAYED UP TO tacc — toe AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON tacc.
3. tpr IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST.

o eeeQ Technology, Incorporated’
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+ Erasure Characteristics

The 64K and 128K EPROMs are erased using ultra-
violet light which has a wavelength of 2537
Angstroms. The integrated dose, i.e., intensity x
exposure time, for erasure is a minimum of 15 watt-
second/cm2. The EPROM should be placed within
one inch’ of the lamp tube during erasure. Table 1
shows the typical EPROM erasure time for various
light intensities.

Table 1. Typical EPROM Erasure Time

Light Intensity Erasure Time
(Micro-Watts/cm?2) (Minutes)
15,000 20
10,000 30
5,000 55
Silicon Signature™

Incorporated in SEEQ’s EPROMs is a row of mask
programmed read only memory (ROM) cells which is
outside of the normal.memory cell array. The ROM
contains the EPROM's Silicon Signature. Silicon
Signature contains.data which identifies SEEQ as the

allows prbgrammers to match the programming
specification against the product which is to be
programmed. If there is verification, then the pro-
grammer can proceed programming.

Sfiicqn Signature is activated by raising address Ag tg
12V £ 0.5V, bringing chip enable and output enable
to a TTL low, having Vcg at 5V, and having all
addresses except Ag at a TTL low. The Silicon Signa-
ture data is then accessed by toggling (using TTL)

manufacturer and gives the product code. This data .

2764 (5133)
27128 (5143)

the column addresses Ag. There are 2 bytes of data
available (see Table 2). The data appears on outputs
Op to Og, with O7 used as an odd parity bit. This
mode is functional at 25 + 5° C ambient temperature.

Table 2. Silicon Signature Bytes

Ag Hex Data
SEEQ Code (Byte 0) ViL 94
Product Code (Byte 1)
2764 ViH 40
27128 ViH C1
Programming

Both EPROMs may be programmed using an intelli-
gent algorithm or with a conventional 50 msec
programming pulse. The intelligent algorithm
improves the total programming time by approxi-
mately 10 times over the conventional 50 msec
algorithm. It typically requires only 1 and 2 minute
programming time for all 64K and 128K bits
respectively.

The intelligent algorithm requires Voo = 6V and Vpp
= 21V during byte programming. The initial program
pulse width is one millisecond, followed by a se-
quence of one millisecond pulses. A byte is verified
after each pulse. A single program pulse, with a time
duration equal to 4 times the number of one milli-
second pulses applied, is additional given to the
address after it is verified as being correctly pro-
grammed. A maximum of 15 one millisecond pulses

" per byte should be applied to each address. When

the intelligent algorithm cycle has been completed,
all bytes must be read at Voo = Vpp = 5V.

— eeeQ Teéhnology,ylncorporated




Intelligent Algorithm Flowchart

START

ADDR = FIRST LOCATION

Vec=60V
Vpp=125V

PROGRAM ONE 1 msec PULSE
INCREMENT X

X =257 YES

NO
VERIFY ONE
BYTE

PASS
PROGRAM ONE PULSE
OF 3X msec DURATION

LAST ADDR?

INCREMENT ADDR

YES

VERIFY
BYTE

PASS

COMPARE

ALL BYTES FAIL

DEVICE
FAILED

DEVICE PASSED

FAIL

2764 (5133)

27128 (5143)

DEVICE
FAILED

. SeeQ Technology, Incorporated




Intelligent Algorithm

2764 (5133)
27128 (5143)

NOTES:

I GeeQ Technology, Incorporated

1.ALL TIMES SHOWN IN ( } ARE MINIMUM AND IN «SEC UNLESS OTHERWISE SPECIFIED.
2. THE INPUT TIMING REFERENCE LEVEL IS .8V FOR A V)L AND 2V FOR A V.
3.toe AND tprp ARE CHARACTERISTICS OF THE DEVICE BUT MUST BE ACCOMMODATED BY THE PROGRAMMER.

——————--- PROGRAM —- — VERIFY -- — ]
Vi 2 4
ADDRESSES ADDRESS STABLE
Vi Js
tas » — tan
@ )
Vi v l_—-? ?_—5
HIGH Z A
DATA —< DATA IN STABLE >7 DATA QUT VALID }_
Vo X N o 7
tos ton toFp
@ - @ [~ B I
Vep s s
Vep /
Vee
typs
2)
Vee+1 s s
Vee
Vce
tvcs
s
Vil ey
e \
Vi =t
tces
(2)
Vin \ s ml
PGM \ /
\
Vi
toe
tpw toes »
{0.95 ms) 2) (lall)s()
Vs —
3 /
ViL = (s
topw
(3.8 ms)




2764 (5133)
27128 (5143)

1. Vcc must be applied simultaneously or before Vpp and
removed simultaneously or after Vpp.

2. Initial Program Pulse width tolerance is 1 msec * 5%.

3. The length of the overprogram pulse will vary from 3.8 msec
to 63 msec as a function of the iteration counter value X.

4. For 50 ms programming, Vcc =5 V + 5%, Tpw = 50 ms
+ 10%, and Topw is not applicable.

*AC Test Conditions

Intelligent Algorithm
AC Programming Characteristics!4| Ta=25+5°C, Vccl!l=6.0V£025V, Vpp =21V £ 05V
Limits

Symbol Parameter Min. Typ. Max. Unit
tas Address Setup Time 2 us
toEs OE Setup Time 2 us
tps Data Setup Time 2 us
taH Address Hold Time 0 us
toH Data Hold Time 2 us
tDFP Output Enable to Output Float Delay 0 130 ns
tvps Vpp Setup Time 2 us
tves Vce Setup Time 2 us
tpwl2l PGM Initial Program Pulse Width 0.95 1.0 1.05 ms
topw(3] PGM Overprogram Pulse Width 3.8 63 ms
tces CE Setup Time 2 us
toe Data Valid from OE 150 ns

NOTES: Ordering Information

SEEQ’s 64K EPROM may be ordered using either
the generic product number 2764 or 5133. The
package is dual marked with both product numbers.
The die, masks, processing, testing, and data sheet
specifications are the same. The 5133 is SEEQ’'s
original part number for the 2764 64K EPROM. The
same is also true for the 5143 (i.e. 27128) 128K
EPROM.

Input Rise and Fall Times (10% to 90%) ...... 20 ns ;“"QT "2”7"::5“ oR D Q s133.25
Input Pulse Levels .................. 0.45V to 2.4V D Q 27128-250R D Q 5143-25
Input T/mlng Reference Level ........ 0.8V and 2.0V ACCESS TIME (BLANK = 250 ns @ 5% Vcc)
Output Timing Reference Level ...... 0.8V and 2.0V P e BER oC
PACKAGE: D= CERDIP
Package Diagram

28-LEAD HERMETIC CERDIP
PACKAGE TYPE D

OO0 0 0 0000000800

DIMENSIONS IN
INCHES AND
(MILLIMETERS).
( 0.557 + 0.042
(14.15 £ 1.07)
LJULJU—CI_ULIUUUUULJ J
1.460 = 0.025 0.160  0.02 0.610  0.01
T T eres:eesy (n 06 o 50) " (1549 z025)
I Il
=
0.010 * 0.002
(0.25 * 0.05)
~ = oizsMn '
004'002 0.100 * 0010 0.018 * 0.002 (3.17) 0.660 * 0.04 i
(1.01 = 0.50) (2.54 * 0.25) (0.45 £ 0.05) (,'5;2 : ?’8,,_"\
0.055 = 0.008
(1.39 * 0.20)

- seeQ Technology, Incorporated
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| 27C256
eeeQ 256K CMOS EPROM

August 1985

Features Description
SEEQ’s 27C256 is the industry’s first 256K CMOS
W 256K (32K x 8) CMOS EPROM EPROM. It has a 32K x 8 organization and has very
B Ulfra Low Power low power dissipation. Its 40 mA active current is
— 100 A Max. V¢c Standby Current less than one half the active power of n-channel
— 40 mA Max. Active Current EPROMs. In addition the 100 uA Vcc standby
current is orders of magnitude lower than those
B Programmed Using Intelligent Algorithm same EPROMs. Consequently, system memory sizes
— 125 Vpp can be substantially increased at a very small
increase in power. Low active and standby power is
B 250 ns Access Times important in applications which require portability,
— 5V10% Vee low cooling cost, high memory bit density, and long
— 0 to 70° C Temperature Range term reliability. )
The 27C256 is specified over the 0 to 70° C tempera-
" 'éie,sgcufa‘;fo’: ved Bytewide Pin ture range and at 5 V £ 10% V. The access time is
) specified at 250 ns, making the 27C256 compatible
B Silicon Signature™ with most of today’s microcomputers. Its inputs and

outputs are completely TTL compatible.

Block Diagram '
Pin Configuration

27C256
vpps 1 - 28 [QVee
A 2 27 As
M-A14|ﬁ Dsggglsns MAEnT&‘rv ;:U 3 26 [} A
asl 25 [ As
A5|: 5 24 Ay
A.c 6 23 [ DA
I A,c 7 22 [ JOE
Az: 8 21 [ DAy
Ao-As COLUMN COLUMN ADDRESS —
r—__‘J> DECODER GATING alde 20 [N CE
Aac 10 19 P Jo;
oF 00: 1 18 L )os
el e °de e
O’C 13 16 [ )0,
T, o GND (] 14 15 £ ]0s
) Qp- 07
Mode Selection
PINS | CE OE Vep | Vee Outputs
MODE {20) (22) (1) (28) | (11-13,15-19)
Read Vi | V| VYoo | Vec | Dour Pin Names
Output Disable X VIH Vece Vce High Z
Standby ViH X Voe Vee High Z Ao - As | ADDRESSES — COLUMN (LSB)
Program ViL Vi Vpp Vcc DN Ag - A14 | ADDRESSES — ROW.
Program Verify Vin .| ViL | Vee Vee Dout CE CHIP ENABLE
Program Inhibit ViH ViH Vep Veo High Z OE OUTPUT ENABLE
Silicon Signature™* Vi Vi Vee Vce Sr;?:ded Qo - 07 | OUTPUTS

X can be sither Vi or Vin.
*For Silicon Signature™ A is toggled, Ag = 12 V, and all other addresses are ata TTL low.
Silicon Signature™ is a registered trademark of SEEQ Technology.

- SeeQ Technology, Incorporated
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Initially, and after erasure, all bits are in the “1” state.
An intelligent algorithm is used to program the
27C256 typically in four minutes. Data is programmed
using a 12.5 V Vpp and an initial chip enable pulse of
1.0 ms.

27C256

Incorporated on the 27C256 is Silicon Signature™.
Silicon Signature contains encoded data which iden-
tifies SEEQ as the EPROM manufacturer and gives
the product code. This data is encoded in ROM to
prevent erasure by ultraviolet light.

Absolute Maximum Ratings

Temperature

Storage ...........ooiinnn. —65°C to +150°C

UnderBias ................... ~10°C to +80°C
All Inputs or Outputs with

Respectto Ground .............. +7 Vto06V
Vpp with Respect to Ground ...... +14.0Vto 0.6 V
Voltage on Ag with

Respectto Ground ............ +14.0 Vto 0.6V

Recommended Operating Conditions

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

27C256-25, 27C256-30, 27C256-45 27C256, 27C256-3, 27C256-4

Vce Supply Voltagelll 5V +10% 5V+5%

Temperature Range (Read Mode) 0to70°C 0to70°C

Vpp During Read!2] Vece Vee

Vpp During Programming!(8] 125+03V 125+03V

DC Operating Characteristics During Read or Programming
Limits
Symbol Parameter Min. Max. Unit Test Conditions
[ITY] Input Leakage Current 10 nA VIN = Vce Max.
lo Output Leakage Current 10 pA Vout = Vce Max.
Ipp Vep Current Read Mode 100 pA Vpp = Ve Max.
Prog. Mode 30 mA Vpp=125V
lect Vce Standby Current 100 kA CE=Vec-1V
lcc2 Vce Standby Current 1 mA CE=VH
Icca Vcc Active Current 40 mA CE=0E=Vy,
; f=5MHz, lo=0
ViL Input Low Voltage 0.1 0.8 \
VIH Input High Voltage 2 Vec +1 "
VoL Output Low Voltage 0.45 v loL=2.1mA
VoH Output High Voltage 24 v loH =-400 pA
NOTES:

1. Vcc must be applied simultaneously or before Vep and removed simultaneously or after Vpp.
2. Vpp cannot be left floating and should be connected to Vcc during read.
3. 0.1 uF ceramic capacitor on Vpp is required during programming only to suppress voltage transients.




27C256

AC Operating Characterlistics During Read

LImits (nsec)
27C256 27C256-3 27C256-4
27C256-25 27C256-30 27C256-45 Test
Symbol | Parameter Min. | Max. | Min. | Max. | Min. | Max. Conditions
Tacc Address to Data Valid 250 300 450 CE=0E=Vi
Tce Chip Enable to Data Valid 250 300 450 OE =ViL
Toe Output Enable to Data Valid 100 120 150 CE=vL
Tor Output Enable or Chip Enable 0 60 0 105 0 130 CE=ViL
to Output Float(3
Ton Output Hold from Chip Enable, 0 0 0 CE=0E=V|_
Addresses, or Output Enable
whichever occurred first
Capacltance'” A.C. Test Conditions
Symbol | Parameter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and C, = 100 pF

Input Rise and Fall Times: < 20ns
Input Pulse Levels: 0.45V to 2.4V
Timing Measurement Reference Level:
Inputs 1V and 2V
Outputs 0.8V and 2V

CIN Input Capacitance 4 6 pF VIN = 0V
Cour Output Capacitance 8 12 pF | Voutr =0V

A.C. Waveforms

I

ADDRESSES ADI\’I:EISDSES

-

c \ ____7/

t
ce

- \ A

tael2] tnel3)
SOE! DF

OuTPUT allakd L VALID OUTPUT ) HIGHZ
AN £/ /

tacc ton —> f—

NOTES:

1. THIS PARAMETER IS SAMPLED AND IS NOT 100% TESTED.

2. OE MAY BE DELAYED TO tacc — 1oe AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON tacc.
3. tpr IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST.

T GeeQ Technology, Incorporated



Erasure Characteristics

The 27C256 is erased using ultraviolet light which
has a wavelength of 2637 Angstroms. The integrated
dose, i.e., intensity x exposure time, for erasure is a
minimum of 15 watt-second/cm2. The EPROM
should be placed within one inch of the lamp tube
during erasure. Table 1 shows the typical EPROM
erasure time for various light intensities.

Table 1. Typical EPROM Erasure Time

27C256

12V * 0.5V, bringing chip enable and output enable
to a TTL low, having Vcc at 5V, and having all
addresses except Ag at a TTL low. The Silicon Signa-
ture data is then accessed by toggling Ag. The data
appears on outputs Og to Og, with O7 used as an odd
parity bit (see Table 2).

Table 2. Silicon Signature Bytes

Silicon Signature™

Incorporated in SEEQ’'s EPROMSs is a row of mask
programmed read only memory (ROM) cells which is
outside of the normal memory cell array. The ROM
contains the EPROM’s Silicon Signature. Silicon Sig-
nature contains data which identifies SEEQ as the
manufacturer and gives the product code. This data
allows programmers to match the programming
specification against the product which is to be pro-
grammed. If there is verification, then the pro-
grammer proceeds to program.

Silicon Signature is activated by raising address Ag to

B eeeQ Technology, Incorporated

Light Intensity Erasure Time Ao Data (Hex)
(Micro-Watts/cm?2) (Minutes) SEEQ Code (Byte 0) ViL 94
15,000 20 Product Code (Byte 1) ViH c2
10,000 30 P ’
5,000 55 rogramming

The 27C256 is programmed using the industry stand-
ard intelligent algorithm.

The intelligent algorithm requires Voo =6 V and Vpp =
12.5 V during byte programming. The initial program
pulse width is 1.0 millisecond, followed by a sequence
of 1.0 millisecond pulses. A byte is verified after each
pulse. A single program pulse, with a time duration
equal to 3 times the number of 1.0 millisecond pulses
applied, is additionally given to the address after it is
verified as being correctly programmed. A minimum of
one to a maximum of 25 1-ms pulses, plus one 3X
overpulse, may be applied to each byte. When the
intelligent algorithm cycle has been completed, all
bytes must be read at Voo = Vpp=5 V.

7]
=
o
o
a
w




Intelligent Algorithm Flowchart

START

ADDR = FIRST LOCATION

Vec=60V
Vpp=125V

PROGRAM ONE 1 msec PULSE
INCREMENT X

INCREMENT ADDR LAST ADDR?

27C256

DEVICE
FAILED

DEVICE
FAILED

DEVICE PASSED

. GeeQ Technology, Incorporated




27C256

Intelligent Algorithm ’
PROGRAM VERIFY
ViH g ? X
ADDRESSES ADDRESS S%SLE
Vi 1
tas tan
2 ()
VIH — ‘—'2———
f N HIGH Z }
DATA DATA IN STABLE / \ DATA OUT VALID -
Vi N - n 7
1
s | o — oin
@ @ {
MAX.
Vep Y - A
Vep
@
Vee
tvps
2
Vee+1 s 4
Vee /
Vee
- tvcs >
&)
Vin \ s
PGM \
ViL S «
J— tbw | . toes (;‘)155)
{1.0 ms) @) MAX.
Vin l——_
B /
i
Vie - - 2 i
torw
{3 ms)
NOTES:
1.ALL TIMES SHOWN IN ( ) ARE MINIMUM AND IN ;SEC UNLESS OTHERWISE SPECIFIED.
2.THE INPUT TIMING REFERENCE LEVEL 1S 0.8 VFOR A V| AND 2V FOR A ViH.
3.toE AND tprp ARE CHARACTERISTICS OF THE DEVICE BUT MUST BE ACCOMMODATED BY THE PROGRAMMER.
4.0.1 u.F CERAMIC CAPACITOR ON Vpp IS REQUIRED DURING PROGRAMMING ONLY TO SUPPRESS VOLTAGE TRANSIENTS.

R seeQ Technology, Incorporated



27C256

Intelligent Algorithm
AC Programming Characteristics Ta =25+ 5°C, Vccl1] = 6.0V £ 0.25V, Vpp = 12,5V
Limits

Symbol Parameter Min. Typ. Max. Unit

tas Address Setup Time 2 us

toes OE Setup Time 2 us

tos Data Setup Time 2 us

tAH Address Hold Time 0 us

toH Data Hold Time 2 us

torFP Output Enable to Output Float Delay 0 130 ns

tvps Vpp Setup Time 2 us

tves Vee Setup Time 2 us

trw CE |Initial Program Pulse Width 0.95 1.0 1.05 ms

topwl(2l CE Overprogram Pulse Width 2.85 78.75 ms

toe Data Valid from OE 150 ns
*AC Conditions of Test NOTES: o

1. Vcc must be applied simultaneously or before Vep and

Input Rise and Fall Times (10% to 90%) ... 20 i of the overprogram peise will vary from 2.5
Input Pulse Levels ................. 045Vto24V msec to 78.75 msec as a function of the iteration counter
Input Timing Reference Level ....... 0.8Vand20V value X.
Output Timing Reference Level ..... 08Vand2oVv

Ordering and Package Information

D Q 27C256 — X

e =

SPEED: BLANK =250 ns @ 5% Vcc
XX = SPEED @ 10% Vce
X =SPEED @ 5% Vcc

GENERIC PART NUMBER Oo0ongoooooooooon

28-LEAD HERMETIC CERDIP
PACKAGE TYPE D

OPERATING TEMPERATURE RANGE
Q@=01070°C

PACKAGE TYPE
D = CERDIP

< 0.557 +£0.042
(1415 £1.07)

|0 ) U 5 50 N0 s i (N [ N [ N [y WDy NN O 5

1.460 + 0.025 ‘ 0.160 + 0.02 0.610 £ 0.01

{37.08 + 0.64) | (4.06 +0.50) (15.49 £ 0.25)
|

_t

0.04 + 0.02
(1.01  0.50)

I L L1

-4 1
0.010 £ 0.002
(0.25 * 0.05)
— I~ ~ i~ o12smin |
0.100 £ 0010 00180002  (3.47) 0.660 £ 0.04
(2.54 = 0.25) (0.45 + 0.05) ey S
0.055 * 0.008
(1.39 + 0.20)

DIMENSIONS IN INCHES AND (MILLIMETERS).

— GeeQ Technology, Incorporated




Features
B 256K (32K x 8) EPROM

B 250 ns Access Times
— 5V=+10% Vee
— 0 to 70°C Temperature Range

® Low Power
— 40 mA Max. V¢ Standby Current
— 70 mA Max. Active Current

B Programmed Using Intelligent Algorithm
— 12.5 Vpp

W JEDEC Approved Bytewide Pin
Configuration

B Silicon Signature™

Block Diagram

27256
256K EPROM

August 1985

Description

SEEQ’s 27256 is a 256K ultraviolet light erasable
EPROM. It is organized as 32K x 8, operates from a
single 5V supply, and programs using a 12.5V intelli-
gent algorithm. The 27256’s operating conditions are
specified over the 0 to 70 mA temperature range and
at 5Vt£10% Vee. The active power is only 70 mA,
approximately 30% lower than NMOS 256K EPROMs.
Consequently, memory system sizes can be in-
creased with a substantial savings in power, resulting
in lower power supply cost and inherently greater
system reliability. For systems requiring even
lower power, a 40 mA active and 100 uA standby
power CMOS 27C256 is available from SEEQ. The
27256's low active power is achieved without sacri-
ficing performance. The access time is 200 nsec,
making it compatible with most of today’s microcom-
puters. Wait states can be eliminated with the 200
nsec access times.

Pin Configuration

Vea(J t 28 [ AVee
A2 2 27 [ QA
O e .- MRy s g
Asc 4 25 [ QAg
A5C 5 24 [ RA,
A,C 3 23 [ QA
A,C 7 22 [ JOE
AZC 8 21 [ QA
Ac-As E:> COLUMN COLUMN ADDRESS A ) i
DECODER GATING e 0 [ ACE
Ao: 10 19 o,
&8 > 0,,: 1 18 [ Q0;
& CONTROL 170 04 12 17 [ 05
CE— LoaIC BUFFERS OzE - N
GNDC 14 15 £ 30,
0g-0;
Mode Selection
PINS [ CE OE Vep | Vee Outputs
MODE 20) | (22 ) (28) | (11-13,15-19)
Read Vii | Vi | Vec | Voo Dout Pin Names
Qutput Disable X ViH Vce Vece High Z
Standby VIH X Vce Vee High Z Ao - As | ADDRESSES — COLUMN (LSB)
Program ViL ViH Vpp Vce DiN Ag - Ais | ADDRESSES — ROW
Program Verify Viyy ViL Vpp Vce Dout CE CHIP ENABLE
Program Inhibit VIH Vi Vep | Vco High Z OE OUTPUT ENABLE
Silicon Signature™* VL ViL Vee Vee Er;f:ded Qp-07 | OUTPUTS

X can be either Vi or Vu.

*For Silicon Signature™ Ag is toggled, Ag = 12V, and all other addresses are at a TTL low.
Silicon Signature™ is a registered trademark of SEEQ Technology.

. eeeQ Technology, Incorporated




An intelligent algorithm is used to program the 27256.
Data is programmed using a 12.5V Vpp and an initial
chip enable pulse of 1 msec. Initially, and after era-
sure, all bits are in the “1” state. The typically program-
ming time is under five minutes. Program-
ming is available from commercial programmers and
is compatible with other 256K EPROM intelligent
algorithms.

27256

Incorporated on the 27256 is Silicon Signature™. Sili-
con Signature contains encoded data which identi-
fies SEEQ as the EPROM manufacturer and gives the
product code. The product code is used by a program-
mer to identify the programming algorithm for the
27256.

Absolute Maximum Ratings

Temperature

Storage .........oiiiiiin -65°C to +150°C

UnderBias ................... -10°C to +80°C
All Inputs or Outputs with

Respectto Ground .............. +7 Vto06V
Vpp with Respect to Ground ...... +14.0Vto 0.6V
Voltage on Ag with )

Respect to Ground ............ +140Vto06V

Recommended Operating Conditions

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

2. Vpp cannot be left floating and should be connected to Vcc during read.

1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vep.

27256-20, 27256-25, 27256-30 27256, 27256-2, 27256-3
Ve Supply Voltagel'l 5V +10% 5V 5%
Temperature Range (Read Mode) 0to70°C 0to70°C
Vpp During Read? Vece Vee
Vpp During Programming® 125+£03V 125+03V
DC Operating Characteristics During Read or Programming
Limits
Symbol Parameter Min. Max. Unit Test Conditions
IIN Input Leakage Current 10 uA VIN = Vcc Max.
lo Output Leakage Current 10 uA VouTt = Vcc Max.
Ipp Vpp Current Read Mode 100 uA Vpp = Vcc Max.
Prog. Mode 30 mA Vep =125V
lcot Vcc Standby Current 40 mA CE=VH
lece Ve Active Current 70 mA CE=0E=Vy,
ViL Input Low Voltage -0.1 0.8 \'
ViH Input High Voltage 2 Vee +1 v
VoL Output Low Voltage 0.45 v loL=2.1mA
VoH Output High Voltage 24 Vv loH =-400 uA
NOTES:

3. 0.1 uF ceramic capacitor on Vep is required during programming only to suppress voltage transients.

— eeeQ Technology, Incorporated
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27256

7
3
AC Operating Characteristics During Read «
w
Limits (nsec)
27C256 27256 27256-3
27256-20 27256-25 27256-30 Test
Symbol Parameter Min. | Max. Min. Max. Min. Max. Conditions
Tacc Address to Data Valid 250 300 450 CE=0E=ViL
Tce Chip Enable to Data Valid 250 300 450 OE=vV|_
Toe Output Enable to Data Valid 100 120 150 CE=ViL
Tor Output Enable or Chip Enable 0 60 0 105 0 130 CE=ViL
to Output Float!3}
Ton Output Hold from Chip Enable, 0 0 0 CE=0E=ViL
Addresses, or Output Enable
whichever occurred first
Capac:itance|1I A.C. Test Conditions
Symbol | Parameter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and C, = 100 pF
Cm Inout Capacitance 2 5 F T V=0V Input Rise and Fall Times: < 20ns
: P P § P N Input Pulse Levels: 0.45V to 2.4V
Cout Qutput Capacitance 8 12 pF | Vout = 0V Timing Measurement Reference Level:

Inputs 1V and 2V
Outputs 0.8V and 2V

A.C. Waveforms

==
ADDRESSES X Aoegf;s:es K
PR
P

toel2] tnel3)
OF DF

ouTPUT HIGH 2 ﬁ/// o (\\) HIGH Z
AN

VALID OUTPUT
£/ /7

tacc ton — I

—— e —

~

NOTES:

1. THIS PARAMETER IS SAMPLED AND IS NOT 100% TESTED. —

2. OE MAY BE DELAYED TO tacc — toe AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON tacc.
3. tor 1S SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST.

— seeQ Technology, Incorporated



Erasure Characteristics

The 27256 is erased using ultraviolet light which has
a wavelength of 2537 Angstroms. The integrated
dose, i.e., intensity x exposure time, for erasure is a
minimum of 15 watt-second/cm?. The EPROM should
be placed within one inch of the lamp tube during
erasure. Table 1 shows the typical EPROM erasure
time for various light intensities.

Table 1. Typical EPROM Erasure Time

27256

12V + 0.5V, bringing chip enable and output enable
to a TTL low, having Vcc at 5V, and having all
addresses except Ap at a TTL low. The Silicon Signa-
ture data is then accessed by toggling Ag. The data
appears on outputs Ogp to Og, with Oz used as an odd
parity bit (see Table 2).

Table 2. Silicon Signature Bytes

Silicon Signature™

Incorporated in SEEQ’s EPROMSs is a row of mask
programmed read only memory (ROM) cells which is
outside of the normal memory cell array. The ROM
contains the EPROM'’s Silicon Signature. Silicon Sig-
nature contains data which identifies SEEQ as the
manufacturer and gives the product code. This data
allows programmers to match the programming
specification against the product which is to be pro-
grammed. If there is verification, then the pro-
grammer proceeds to program.

Silicon Signature is activated by raising address Ag to

D H
Light Intensity Erasure Time Ag ata (Hex)
(Micro-Watts/cm?) (Minutes) SEEQ Code (Byte 0) ViL 04
15,000 20 Product Code (Byte 1) VIH c2
10,000 30 P ]
ro mm
5,000 55 gra ng

The 27256 is programmed using the industry standard
intelligent algorithm.

The intelligent algorithm requires Voo =6 V and Vpp=
12.5 V during byte programming. The initial program
pulse width is 1.0 millisecond, followed by a sequence
of 1.0 millisecond puises. A byte is verified after each
pulse. A single program pulse, with a time duration
equal to 3 times the number of 1.0 millisecond pulses
applied, is additionally given to the address after it is
verified as being correctly programmed. A minimum of
one to a maximum of 25 1-ms pulses, plus one 3X
overpulse, may be applied to each byte. When the
intelligent algorithm cycle has been completed, all
bytes must be read at Voc=Vpp=5 V.

. eeeQ Technology, Incorporated




Intelligent Algorithm Flowchart

START

ADDR = FIRST LOCATION

Vec=60V
Vep=125V

PROGRAM ONE 1 msec PULSE
INCREMENT X

VERIFY ONE
BYTE

PASS
PROGRAM ONE PULSE
OF 3X msec DURATION

LAST ADDR?

INCREMENT ADDR

YES
Vec=Vep =50V

DEVICE
FAILED

DEVICE
FAILED

DEVICE PASSED

27256

I eeeQ Technology, Incorporated
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27256

Intelligent Algorithm
[ PROGRAM VERIFY
Vin s
ADDRESSES ADDRESS STABLE' X
Vi x{s
tas . taw |,
@) )
Vin 'l !
¢ N\ HIGHZ 7
DATA DATA IN STABLE - DATA OUT VALID S
Vi N \ 7
s
t t toFp L_
—H— W — &&
MAX.
Vep 's 4
Vep
(4
Vee
tvps, »
2)
Vec -1 s =
Vee
Vee
- tvcs. -
@
Vin - N
PGM \
ViL
tpw toes —— (30155)—>‘
"l (1.0ms) &) MAX.
VIH F_—
. /
Vi 1o
topw
(3ms)

NOTES: ‘

1. ALL TIMES SHOWN IN ( ) ARE MINIMUM AND IN ;SEC UNLESS OTHERWISE SPECIFIED.

2. THE INPUT TIMING REFERENCE LEVEL 1S 0.8 V FOR A V| AND 2V FOR A Vi4.

3.10€ AND tpFp ARE CHARACTERISTICS OF THE DEVICE BUT MUST BE ACCOMMODATED BY THE PROGRAMMER.

4.0.1 uF CERAMIC CAPACITOR ON Vpp IS REQUIRED DURING PROGRAMMING ONLY TO SUPPRESS VOLTAGE TRANSIENTS.

_— eeeQ Technology, Incorporated
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27256

7
=
Intelligent Algorithm 5
o
AC Programming Characteristics Ta =25+ 5°C, Vccl1] =6.0V + 0.25V, Vpp = 12.5V w
Limits
Symbol Parameter Min. Typ. Max. Unit
tas Address Setup Time 2 us
toes OE Setup Time 2 us
tps Data Setup Time 2 us
tAH Address Hold Time 0 us
toH Data Hold Time 2 us
toFp Output Enable to Output Float Delay 0 130 ns
tvps Vpp Setup Time 2 us
tvcs Vcce Setup Time 2 us
tPw CE Initial Program Pulse Width 0.95 1.0 1.05 ms
topw!2 CE Overprogram Pulse Width 2.85 78.75 ms
toe Data Valid from OE 150 ns
*AC Conditions of Test NOTES: o
1. Vcc must be applied simultaneously or before Vpp and
i i 0, 0 removed simultaneously or after Vpp.
Input Rise and Fall Times (10% to 90%) ...... 20 ns 2. The length of the overprogram puilse will vary from 2.85
Input Pflls'e Levels ................. 0.45Vto24V msec to 78.75 msec as a function of the iteration counter
Input Timing Reference Level ....... 0.8Vand20V value X.
Output Timing Reference Level ..... 08VandaoVv
Ordering and Package Information
D Q 27256 — XX 28-LEAD HERMETIC CERDIP
SPEED: BLANK =250 ns @ 5% Vce PACKAGE TYPE D

XX = SPEED @ 10% Vcc
X =SPEED @ 5% Vcc

GENERIC PART NUMBER

OO 00000000 00;miom

OPERATING T ATURE RANGE
Q=0t70°C

PACKAGE TYPE < 0.557 +0.042
D = CERDIP (14.15 +1.07)

0 g o e g e o
1.460 + 0.025 |

0.160 * 0.02 0.610 = 0.01
< - . - .
I (37.08 = 0.64) | (4.06 = 0.50) (1549 1 0.25)
1
v I L 1
— =
0.010 + 0.002
(0.25 + 0.05)
— - ~ ol ocrsmn
0.04 : 0.02 0.100 = 0.010 001810002  (3.17) 0.660 + 0.04
(1.01 = 0.50) (2.54 = 0.25) (0.45  0.05) (16.76 = 1.01)
0.055 + 0.008
(1.3 £ 0.20)

DIMENSIONS IN INCHES AND (MILLIMETERS).

- SeeQ Technology, Incorporated
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SECTION 2

E2ROMS

(Electrically Erasable Programmable Read Only Memories)






E2ROM CROSS REFERENCE GUIDE

Features
Access Write Endurance
Time Time Higher
Latches Faster Faster Than Nearest
21 Volt 5 Volt Latches and Than Than 10,000 SEEQ

Device Type Operation | Operation Only Timers 350 ns 10 ms Cycles Equivalent
Intel 2816 X DQ52B13
Intel 2816A X DQ52B13
Intel 2817[1] X X DQ2817A
Intel 2817A[1] X X X DQ2817A
National 2816 X DQ2816A
National 2816A X X DQ2816A
Xicor 2816A X X X DQ2816A
Xicor 2864 X X DQ2864
AMD 9864 X X X DQ2864
SEEQ 52B13 X X X X
SEEQ 2816A X X X X
SEEQ 2817A X X X X
SEEQ 5516A X X X X X X
SEEQ 5517A X X X X X
SEEQ 52B33 X X X X
SEEQ 2864 X X X X

Note:
1. The 2817 and 2817A are supplied in a 28-pin package. All other 16K E2ROMs are in a 24-pin package.
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SeeQ

SEEQ’s 28XXX family

SEEQ’s EROM Family

2816A/5516A

1
2
3
4
5
6
7
8
9

Configuration

2817A/5517A

RDY/BUSY(J

—SeeQ Technology, Incorporated

2864/28C64

RDY/BUSY (J

28C256

R SIEEENE
EEEYEE




SEEQ’s E2ROM Family
Configuration

SEEQ’s E2ROM family conforms to JEDEC’s byte-width pin configuration in both dual-in-line and LCC
packages. This allows upgrades from 16K to 256K densities. It should be noted that pin 1 is an optional pin
(up to the 256K) used for various E2ROM features such as ready/busy and chip clear.

JEDEC Pin Configuration

LCcC
DUAL-IN-LINE Up to 256K
16K 16K to 256K s
(24 pins) (28 pins) H NDEX
o
Y gl §¢ & & g ocomen
Vee OPTIONAL[J 1 28 [Qvee
' ol 3 EEEREELE
s o . DUAL-IN-LINE
Ay A,E 3 26 [ Jne 78]
wE as(J s 25 [ DA i As Pins 1 26
o a5 20 [ A, A A Density
OE s 24, NC A 64K Optional NC
A . —
C_'E° ad 7 22 [)GE € A 256K Al4 A13
A,C 8 21 [ DA Ao Ay Loc
1/0g age 20 [y CE ™
1107 Aol 10 19 [Qo, 1/0s NC Pins 2 30
1/0¢ 0o 11 18 []06 oy 1104 Density
1/0s o1 12 17 [ 05 2 ERENE 84K Optional NC
o
13 L]0 o1 o §8s5¢82s88 256K At4 A13
GNDE 14 15 [0, -4 ==
SEEQ’s 52BXX family
52B13 52B33
16K 64K
[ N~ ]
1 ccd 28 [Vee
2 Al 2 27 [QWE
3 A,C 3 26 NC
A Asc a 25 Ag
s A5C 5 24 Aq
A.,C [ 23 Ay
& A3: 7 22 [)OE
§ Ax(J 21 [ hag
8 Mg 20 [QCE
9 Au[; 10 19 { o,
°°C 1" 18 L]0
o.c 12 17 [ )05
O?C 13 16 [ )0,
GNDE 14 15 [ )05

I eeeQ Technology, Incorporated
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. eeeQ Technology, Incorporated

Ssee 2816A/5516A

Timer E2
16K Electrical Erasable ROMs

February 1984

Features Description

& High Endurance Write Cycles SEEQ’s 5516A and 2816A are 5 V only, 2K x 8 electri-
— 5516A: 1,000,000 Cycles/Byte cally erasable read only memories (E2ROMs). E2ROMs
— 2816A: 10,000 Cycles/Byte are ideal for applications which require non-volatility

B On-Chip Timer and in-system data modification. The endurance, the
— Automatic Erase and Write Time Out number of times that a byte may be written, is 1 milllon
— 2 ms Byte Write Time (2816AH) for the 5516A and 10 thousand for the 2816A. The

W All Inputs Latched by Write or Chip Enable 5516A’s extraordinary high endurance was accomp-

W Direct Replacement to 2K x 8 E2ROMs lished using SEEQ's proprietary oxynitride E2ROM
— 21V 2816 process and its innovative “Q cell™” design. The 5516A
— 5V Timer 2816A is ideal for systems that require frequent updates.

W 5V + 10% Power Supply Both E2ROMSs have an internal timer that automati-

W Power Up/Down Protection Circuitry cally times out the write time. A separate erase cycle is

not required and the minimum write enable (WE) pulse
width needs to be only 150 ns. The on-chip timer,
along with the inputs being latched by a write or chip
- ;;0 ':A max's‘::”dv: Célr rent enable signal edge, frees the microcomputer system
- MmA max. ndby Current for other tasks during the write time. The standard
B JEDEC Approved Byte-Wide Pinout 2816A and 5516A’s write time is 10 ms. while the

(continued on next page)

W 250 ns max. Access Time
B Low Power Operation

Block Diagram Pin Configuration

A7c

COLUMN
ADDRESS
DECODE

COLUMN
Aso Y  ADDREss
LATCHES

ROW
ADDRESS
DECODE

ROW
Avoa C:> ADDRESS
LATCHES

LATCH ENABLE

CE ——3| INPUT .
DETECTION CKT DATA Pin Names
WE —» AND LATCHES LATCHES
Ao-A10 ADDRESSES
CE CHIP ENABLE

OE OUTPUT ENABLE
ar CONTROL CONTROL T
OE —— LATCHES LOGIC 1/0 BUFFERS WE WRITE ENABLE
110 DATA INPUT (WRITE OR
ERASE)

DATA OUTPUT (READ}

1/0g-1
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2816A/5516A

2816AH’s write time is a fast 2 ms. Once a byte is the data inputs at a TTL high. In addition an optional
written, it can be read in 250 ns. The inputs are TTL for 21 V byte write (preceded by a byte erase) mode is
both the byte write and read mode. available.

These two timer E2ROMs are ideal for systems with Mode Selection Table 1)
limited board area. For systems where cost is impor- — —

tant or higher density is required, SEEQ has a latch Mode CE | OE | WE I’o
only “52B” family at 16K, 32K, and 64K bit densities. Read ViL ViL ViH Dout
The “52B” family has the same JEDEC approved pin . Standby ViH X X High Z
configuration but without the on-chip timer. All “562B” - "

. Byte Writ \ Vi Vi D
family inputs are latched by the falling edge of the y'e e L H i IN
write enable signal. Yr‘:lrwlitgi?r Read ViL | Ve | Vi High Z
Device Operation Chip Erase v T ven | ven ™

There are five operational modes (see Table 1) and,
except for the chip erase mode, only TTL inputs are

required. To write into a particular location, a TTL low Power Up/Down Considerations

is applied to the write enable (WE) pin of a selected . L L
(CE low) device. This, combined with output enable The 2816A/5516A has internal circuitry to minimize a
false write during system V¢ power up or down. This

(OE) being high, initiates a write cycle. During a byte e "
write cycle, addresses are latched on the last falling circuitry prevents writing under any one of the follow-

*A 21 V input on WE is an optional mode.

edge of CE or WE and data is latched on the first rising ing conditions.

edge of CE or WE. An internal timer times. out the 1. Vegis less than 3 V.

required byte write time. An automatic byte erase is 2. A negative Write Enable (WE) transition has not
performed internally in the byte write mode. occurred when Vg is between 3 Vand 5 V.

The chip erase mode clears all data to a TTL high in Writing will also be prevented if CE or OF are in a
one 9 ms cycle. This is accomplished by raising both logical state otherthan that specified for a byte write in

WE and OE to a high voltage (e.g. 21 V) and having all the Mode Selection table.

Absolute Maximum Stress Ratings*

Temperature *COMMENT: Stresses above those listed under “Absolute Maxi-
Storage ... -65°C to +150°C mum Ratings” may cause permanent damage to the device. This is
UnderBias ............cccoiiiiie. —10°C to +80°C a stress rating only and functional operation of the device at these

All Inputs or Outputs with or any other conditions above those indicated in the operational
Respectto Ground .................... +6V to -0.3V sections of this specification is not implied. Exposure to absolute

WE During Writing/Erasing with maximum rating conditions for extended periods may affect device
Respectto Ground ................. +22.5V to -0.3V reliability.

Duration of WE Supply at 22V
During W/E Inhibit ...........ccovvviiinis 24 Hours

DC Operating Characteristics Ta=0to 70°C, Vcc =5 V £10%, unless otherwise noted.

Limits .

Symbol Parameter Min. Max. Units | Test Condition

Icc Active Vcc Current 110 mA | CE=0E = Vi; All VO Open;
Other Inputs =55V

IsB Standby Vce Current ) 40 mA CE = Vi, OE = VI, All I/O’s
Open; Other Inputs =5.5 V

L1 Input Leakage Current 10 uA VIN=55V

ILo Output Leakage Current 10 nA Vour=55V

ViL Input Low Voltage -0.1 0.8 \"

ViH Input High Voltage 2.0 6 \

VoL Output Low Voltage 04 v loL=2.1mA

VOH Output High Voltage 24 \ loH = -400 uA

VER OE and WE Voltage in Chip Erase Mode 12 22 \Y IEr = 10 A

'_ seeQ Technology, Incorporated



2816A/5516A

AC Characteristics

Read Operation Ta=01070°C, Vcc =5 V + 10%, unless otherwise noted
' Limits (ns)
5516A-250 5516A-300
2816A/2816AH-250 |2816A/2816AH-300 2816A-350
Symbol | Parameter Min. Max. Min. Max. Min. Max. Units
tRC Read Cycle Time : 250 300 350 ns
tce Chip Enable Access Time 250 300 350 ns
7YY Address Access Time 250 300 350 ns
toe Output Enable Access Time 90 100 100 ns
tLz CE to Output in Low Z 10 10 10 ns
tHz CE to Output in High Z 10 100 10 100 10 100 ns
toLz OE to Output in Low Z 50 50 , 50 ns
tonz OE to Output in High Z 10 100 10 00 [ 10 100 ns
toH Output Hold from Address Change 50 50 50 ns
tpy CE to Power-up Time 0 0 0 ns
tpp CE to Power Down Time 50 50 50 ns
Capacitance Tao=25°C,{=1MHz A.C. Test Conditions
Symbol | Parameter Max. | Conditions Output Load: 1 TTL gate and C, = 100 pF
o[t Copires [ o5 ey | e B el e
Cout Data (I/0) Cap, 10 pF|Vo=0V

Timing Measurement Reference Level:
Inputs 1 Vand 2V
Outputs 0.8 Vand 2 V

READ CYCLE TIMING

tae

( X

f
ce
CE /
te———tog —s]
OF ! ]
.Uﬂ‘
— v
WE L
[+toLz - ton thz——
HIGH Z
DATA OUT — DATA VALID DATA VALID }_
1
'
e n,u*l 'AA
Ve )
SUPPLY ¢
CURRENT Isp
[ H—

— seeQ Technology, Incorporated
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2816A/5516A

AC Characteristics
TTL WRITE CYCLE Ta =0to 70°C, Vcc =5 V £ 10% unless otherwise noted

Limits (ns)
5516A-250  5516A-300
2816A/2816AH-250 | 2816A/2816AH-300 2816A-350
Symbol Parameter Min. Max. Min. Max. Min. Max. Units
Q Maximum Number of 5516A 1,000,000 1,000,000 — Gvel
Write Cycles/Byte 2816A, 2816AH 10,000 10,000 10,000 yoles
] ] 2816AH 2 2 —
twe Write Cycle Time 5516A/2816A 10 10 10 ms
tas Address Set Up Time 10 10 10 ns
tAH Address Hold Time 50 70 70 ns
tcs Write Set Up Time 0 0 0 ns
tcH Write Hold Time 0 0 0 ns
tew CE to End of Write Input 150 150 150 ns
toEs OE Set Up Time 10 10 10 ns
toEH OE Hold Time 10 10 10 ns
twel] WE Write Pulse Width 150 150 150 ns
toL Data Latch Time 50 50 50 ns
tov!2! Data Valid Time 1 1 1 Ks
tos Data Set Up Time 20 50 50 ns
toH Data Hold Time 20 20 20 ns
Notes: ‘
1. WE is noise protected. Less than a 20 ns write pulse will not activate a write cycle.
2. Data must be valid within 1 us maximum after the initiation of a write cycle.
TTL Byte Write Cycle
WE CONTROLLED WRITE CYCLE CE CONTROLLED WRITE CYCLE
t
we -
ADDRESS X ADDRESS
[ tas taH . tas .AH—.H toL
‘CH CW
tes . — toen '
OF / OE ; /
toes . —| toEH toes:
; - &
be— tpp
1 DATA OUT HIGHZ 5
HIGH Z
DATA OUT — ¢ e~ ipy —
— :
— f«—tpy DATA IN DATA VALID
DATA IN X DATA VALID >- tos town
tos toH

- eeeQ Technology, Incorporated



2816A/5516A

AC Characteristics
21 V Optlonal Erase or Write Cycle

(All times shown in parentheses are in ns and are minimum value, unless otherwise noted.)
21 V BYTE ERASE OR BYTE WRITE TIMING 21 V CHIP ERASE CYCLE

mnumss} ADDRESS VALID K CE S Z
e tOH___ !
K- — . =
= (] (9“'37-) &6~
Ven
1
I-— t— teFT
¥ (DONT WE
CARE)
" Fov e
WE [*= (50) Y
&
- DATA IN HIGH Z T
e twp
ot ®'me) &
Vo HIGH Z 7 TA 7 i
W) =] VALID i
i OE
tng eat— 4
@ vin &
Vin
1) HIGH Z 7 : N — tos
(ERASE) - [~ (10)™] " (10)™1
% —1
OE  DONT CARE \ DON'T CARE
Ordering Information Package Diagram
24-LEAD HERMETIC CERDIP
D Q 5516A- 250 PACKAGE TYPE D
D Q 2816A- 250
D Q 2816A H -250 P,
T Access TIME (ns) - — I
H: HIGH SPEED BYTE WRITE Q (‘1"35.32 : 3:35)
GENERIC PART NUMBER L
+ 00 o 1,260 + 0.025 0160 £ 0 0 + 0.01
TEMPERATURE RANGE: 0° TO 70°C et o | ( i) ) e £ 00~

PACKAGE: CERDIP

[ I —
J
=
0.010 + 0.002
(0.25 * 0.05)

" 0.125 MIN
4 + 0.0 0.100 :‘: 0010 0.01! i 0002 (317 0.660 + 0.04 __|
( + 0.5 ) (2.54 £ 0.25) (0.45 + 0.05) (16.76 + 1.01) |
0.055 + 0.008
(1.39 £ 0.20)

DIMENSIONS IN INCHES AND (MILLIMETERS).

“-SeeQ Technology, Incorporated
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—GeeQ Technology, Incorporated

SeeQ

2817A/5517A
Timer E2

16K Electrical Erasable ROMs

July 1984

Features
B Ready/Busy Line for End-of-Write
W High Endurance Write Cycles
— 5517A: 1,000,000 Cycles/Byte
— 2817A: 10,000 Cycles/Byte
B On-Chip Timer
— Automatic Byte Erase Before Byte Write
— 2 ms Byte Write Time (2817AH/5517AH)

W All Inputs Latched by Write or Chip Enable
B Direct Replacement for 28 Pin 2K x 8
E2ROMs
— 21V 2817
— 5V Timer 2817A
M 5V +10% Power Supply
B Power Up/Down Protection Circultry
B 200 ns max. Access Time ‘
W 10 Year Data Retention for Each Write
B JEDEC Approved Byte-Wide Pinout

Description

SEEQ’s5517A and 2817A are 5 V only, 2K x 8 electri-
cally erasable read only memories (E2ROMs). They
are packaged in a 28 pin package and have a ready/
busy pin. These E2ROMSs are ideal for applications
which require non-volatility and in-system data modi-

Block Diagram

COLUMN
ADDRESS
LATCHES

COLUMN
ADDRESS
DECODE

o

ROW
ADDRESS
LATCHES

ROW
ADDRESS
DECODE

wos )

LATCH ENABLE

RDY/BUSY -

CE —»] INPUT
DATA

LATCHES

_ DETECTION CKT
WE —=| AND LATCHES

LATCH ENABLE

fication. The endurance, the number of times which a
byte may be written, is 1 million for the 5517A and 10
thousand for the 2817A. The 5517A’s extraordinary
high endurance was accomplished using SEEQ’s
proprietary oxynitride E2ROM process and its innova-
tive “Q cell” design. The 5517 A is ideal for systems that
require frequent updates and/or high reliability. Sys-
tem reliability is enhanced greatly over lower specified
endurance E2ROMSs while still maintaining 10 year
data retention.

Both E2ROMSs have an internal timer that automati-
cally times out the write time. The on-chip timer, along
with the input latches, frees the microcomputer sys-
tem for other tasks during the write time. The standard
5517A/2817A’s write time is 10 ms, while the
5517AH/2816AH’s write time is a fast 2 ms. An auto-
matic byte erase is performed before a byte operation
is started. Once a byte has been written, the ready/
busy pin signals the microprocessor that it is available
for either a write or read mode. A byte may be read in
200 ns. The inputs are TTL for both the byte write and
read mode.

These two timer E2ROMs are ideal for systems with
limited board area. For systems where cost is impor-
tant or higher density is required, SEEQ has a latch
only “52B” family at 16K and 64K bit densities. All
“52B” family inputs, except for write enable, are
latched by the falling edge of the write enable signal.

Pin Configuration Pin Names
aadtT Y s[avec |Ao-Aw | ADDRESSES
N[l 2 w[ywe |CE CHIP ENABLE
Al 6[}nc  |OE [ OUTPUT ENABLE
%(J 4 5[ 38 WE | WRITE ENABLE
al]s 20 [ % /O | DATA INPUT
(WRITE OR
nge 2 gne ERASE)
" 2 ) O€ DATA OUTPUT
alJs 210 ) Ao (READ)
s 20[)&E [RDY/ |DEVICEREADY/
BUSY | BUSY
og °p|"® RS NO ConnEcT
oy 1 - 18 Juor
vo,(J 12 17 [ 70s
I/Ogc 13 16 1/0s
GND[] 14 15 1o,

aF CONTROL

CONTROL
OE ="  [ATcHES

LOGIC

/0 BUFFERS




automatic byte erase is performed before a byte

operation is started. Once a byte has been written,

the ready/busy pin signals the microprocessor that it

is available for another write or a read cycle. All
inputs are TTL for both the byte write and read

mode. Data retention is specified for ten years.

Device Operation

There are five operational modes (see Table 1) and,
except for the chip erase mode, only TTL inputs are
required. To write into a particular location, a TTL
low is applied to the write enable (WE) pin of a
selected (CE_low) device, This, combined with out-
put enable (OE) being high, initiates a write cycle.
During a byte write cycle, addresses are latched on
either the falling edge of CE or WE, whichever one
occurred last. Data is latched on the rising edge of
CE or WE, whichever one occured first. The byte is
automatically erased before data is written. While the
write operation is in progress, the RDY/BUSY output
is at a TTL low. An internal timer times out the
required byte write time and at the end of this time,
the device signals the RDY/BUSY pin to a TTL high.
The RDY/BUSY pin is an open drain output and a
typical 3K Q pull-up resistor to Vcc is required. The
pull-up resistor value is dependent on the number of
OR-tied 2817A RDY/BUSY pins.

Recommended Operating Conditions

2817A/5517A

PRELIMINARY DATA SHEET

Mode Selection (Tabis 1)

Mode/Pin CE |OE |WE| 1/0 | RDY/BUSY
Read ViL | Vie | ViH | Dout High Z
Standby ViH|{ X | X [HighZ| HighZ
Byte Write ViL |ViIH | ViL| Din VoL
(hrite or Read | vy, | v | vin |High z|  High Z
Chip Erase Vit |VER|[Ver | VIH High Z

Power Up/Down Considerations

The 2817A/5517A has internal circuitry to minimize a

false write during system Voo power up or down.

This circuitry prevents writing under any one of the

following conditions.

1. Voc is less than 3 V. .

2. A negative Write Enable (WE) transition has not
occurred with Voc is between 3 V and 5 V.

Writing will also be prevented if CE or OE are in TTL
logical states other than that specified. for a byte
write in the Mode Selection table.

Absolute Maximum Stress Ratings*

Temperature

Storage .....iieii i -65°C to +150°C

UnderBias .......ccoovvviivennnnn -10°C to +80°C
All Inputs or Outputs with

Respect to Ground ........covvuunnn +6V to -0.3V
WE During Writing/Erasing with

Respect to Ground ............... +22.5V to -0.3V
Duration of WE Supply at 22V

During W/E Inhibit ............coivevnne. 24 hours

*COMMENT: Stresses above those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device. This is
a stress rating only and functional operation of the device at these
or any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device
reliability.

2817A-200/-250/-300

5517A-200/-250/-300

2817AH-200/-250/-300 5517AH-200/-250/-300 2817A-30
Vcc Supply Voltage 5V + 10% 5V + 10% 5V £ 5%
Temperature Range 0°C to +70°C 0°C to +70°C 0°C to +70°C
Q (Maximum Endurance)[2] 10,000 cycles/byte 1,000,000 cycles/byte - | 10,000 cycles/byte

B seeQ Technology, Incorporated
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2817A/5517A

D.C. Operating Characteristics (Over the operating Vcc and temperature range)

Limits
Symbol Parameter Min. Max. Units Test Condition
Icc Active Vcc Current 110 mA 'CE= OE = ViL; All I/O Open;
(Includes Write Operation) Other Inputs =5.5V
Isa Standby Vcc Current 40 mA CE = Vin, OE = ViL; All IO
Open; Other inputs = 5.5V
1L Input Leakage Current 10 RA VIN=55V
Lo Output Leakage Current 10 uA Vour =55V
ViL {nput Low Voltage -0.1 © 08 \
VIH Input High Voltage 2.0 Veec +1 v
VoL Output Low Voltage 04 \ loL=2.1mA
VoH Output High Voltage 24 \ loH = -400 uA
VER OE and WE Voltage in 12 22 Vv leEr=10 uA
Chip Erase Mode

A.C. Characteristics
Read Operation (Over the operating Vcc and temperature range)

Limits (ns)

5517AH-200 | 5517AH-250 | 5517AH-300
2817AH-200 | 2817AH-250 | 2817AH-300
5517A-200 5517A-250 5517A-300
2817A-200 2817A-250 2817A-300 2817A-35

Symbol | Parameter Min. | Max. | Min. | Max. | Min. Max. | Min. | Max. | Units | Test Conditions
tRe Read Cycle Time 200 250 300 350 ns | CE=0E=vVy
tce Chip Enable Access Time 200 250 300 350 ns | OE=VviL
taA Address Access Time 200 250 300 350 ns | CE=OE=V|
toe Output Enable Access Time 75 90 100 100 ns CE=viL
toF Output Enable High 0 60 0 60 [0} 60 0 80 ns CE=ViL
to Output Not being
Driven
toH Output Hold from Address 0 0 0 0 ns CEor OE =V
Change, Chip Enable, or
Output Enable whichever
occurs first

Read Cycle Timing

ADDRESSES X ADDRESSES VALID K
S
q—tég—J
OE

I —
tDF -
t0E [+ toH— e

/////
OUTPUT VALID
m OUTPUT
tan b - -

- SeeQ Technology, Incorporated
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Capacitance Ta=25°C; =1 MHz

Symbol | Parameter Max. | Conditions
CiN Input Capacitance 6pF|[VIN=0V
Cout Data (1/0) Cap, 10 pF| Vo =0V

A.C. Charactoeristics
Write Cycle (Over the operating Vcc and temperature range)

A.C. Test Conditions

Output Load: 1 TTL gate and C; = 100 pF
Input Rise and Fall Times: <20 ns
Input Pulse Levels: 0.45Vto2.4 V
Timing Measurement Reference Level:
Inputs 1 Vand2V '
Outputs 0.8 Vand2 V

2817A/5517A

Limits (ns)
5517AH-200 5517AH-250 5517AH-300
2817AH-200 2817AH-250 2817AH-300
5517A-200 5517A-250 5517A-300
2817A-200 2817A-250 2817A-300 2817A-35
Symbol | Parameter Min. Max. Min. Max. Min. Max. Min. Max. Units
tas vAddress to Write 10 10 10 10 ns
Set Up Time
tcs CE to Write Set Up Time 10 10 10 10 ns
twpll] WE Write Pulse Width 100 100 100 100 ns
taH Address Hold Time 50 50 50 70 ns
tos Data Set Up Time 20 ) 20 50 50 ns
toH Data Hold Time 20 20 20 20 ns
tcH CE Hold Time 0 0 0 0 ns
toes OE Set Up Time 10 10 10 10 ns
toEH OE Hold Time 10 10 10 10 ns
toL Data Latch Time 50 50 50 50 ns
tovi2l Data Valid Time 1 1 1 1 us
tos Time to Device Busy | 120 120 120 120 ns
Notes: .
1. WE s noise protected. Less than a 20 ns write pulse will not activate a write cycle.
2. Data must be valid within 1 us maximum after the initiation of a write cycle.
A.C. Characteristics
Write Cycle (Over the operating Vcc and temperature range)
Limits (ns) .
5517AH 5517A 2816AH 2817A
Symbol | Parameter Min. Max. Min. Max. Min. Max. Min. Max. Units
twe Byte Write Cycle Time 2 10 2 10 ms

- GeeQ Technology, Incorporated
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2817A/5517A

Write Cycle Timing

toEs toEH

n's
ADDRESSES VALID
yA
[ tcH—><— tpL
tcs
taH
CE
=7
I
re—————tAg | toL
Fe—— twp —
N
WE S
tbs | toH
1 \
DATA IN - VALID .

tpv—= f—
~—tna—~,
RDY/BUSY ; !
S —

o eeeQ Technology, Incorporated
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SeeqQ

2864/2864H
Timer E2

64K Electrically Erasable ROMs

PRELIMINARY

August 1985

Features

B Ready/Busy Pin

W High Endurance Write Cycles
— 10,000 Cycles/Byte

B On-Chip Timer
— Automatic Byte Erase Before Byte Write
— 2 ms Byte Write (2864H)

u 5 V+10% Power Supply

® Power Up/Down Protection Circultry

B 250 ns max. Access Time

Description

SEEQ’'s 2864 is a 5 V only, 8K x 8 NMOS electrically
erasable read only memory (E2ROM). It is packaged
in a 28 pin package and has a ready/busy pin. This
E2ROM is ideal for applications which require non-
volatility and in-system data modification. The
endurance, the number of times which a byte may
be written, is 10 thousand cycles.

Block Diagram

COLUMN COLUMN
Aga_ ADDRESS ADDRESS
LATCHES DECODE

ROW
ADDRESS

ROW
As-uQ ADDRESS
DECODE

LATCHES

LATCH ENABLE

ROV/BUSY

CE —+ EDGE

_ DETECTION CKT TIMER DATA
WE —»| AND LATCHES . LATCHES
LATCH ENABLE

OF CONTROL

CONTROL
OF — LATCHES

LOGIC

The E2ROM has an internal timer that automatically
times out the write time. The on-chip timer, along
with the input latches, frees the microcomputer
system for tasks during the write time. The
standard byte write cycle time is 10 ms. For systems
requiring faster byte write, a 2864H is specified at 2
ms. An automatic byte erase is performed before a
byte operation is started. Once a byte has been
written, the ready/busy pin signals the micropro-
cessor that it is available for another write or a read
cycle. All inputs are TTL for both the byte write and
read mode. Data retention is specified for ten years.

These two timer E2ROMs are ideal for systems with
limited board area. For systems where cost is impor-
tant, SEEQ has a latch only “52B” family at 16K and
64K bit densities. All “52B” family inputs, except for
write enable, are latched by the falling edge of the
write enable signal.

Pin Configuration

DUAL-IN-LINE
TOP VIEW

RDY/BUSY( « » [} Vee
Al 7 [) WE
A;d3 s [AN/C
Asd e 5[ Ag
As(ds 20 [ Ag
Ads 2 [ AN
¥1s i 2 (A OE
A 2 A

Al e 20 [ CE
Ao 0 1w LJ1/0g
1o«gn 18131/0;
10, 7 [Yrog
103(d » 16 [ 1705
GND[] 1+ 15 LR1/0,
Pin Names
Ao-4 ADDRESSES — COLUMN (LOWER ORDER BITS)
As-12 ADDRESSES — ROW
CE CHIP ENABLE
OE OUTPUT ENABLE
WE WRITE ENABLE
110 DATA INPUT (WRITE OR ERASE), DATA OUTPUT
(READ)
e —
RDY/BUSY | DEVICE READY/BUSY
N/C NO CONNECT

2-14




Device Operation

There are five operational modes (see Table 1) and,
except for the chip erase mode, only TTL inputs are
required. To write into a particular location, a 150 ns
TTL pulse is applied to the write enable (WE) pin of
a selected ( CE low) device. This, combined with
output enable (OE) being high, initiates a 10 ms
write cycle. During a byte write cycle, addresses are
latched on either the falling edge of CE or WE,
whichever one occurred last. Data is latched on the
rising edge of CE or WE, whichever one occurred
first. The byte is automatically erased before data is
written. While the write operation is in progress, the
RDY/BUSY output is at a TTL low. An internal timer
times out the required byte write time and at the end
of this time, the device signals the RDY/BUSY pin to
a TTL high. The RDY/BUSY pin is an open drain
output and a typical 3K Q pull-up resistor to Vg is
required. The pull-up resistor value is dependent on
the number of OR-tied RDY/BUSY pins.

Mode Selection (Table 1)

_ _ RDY/
Mode/Pin | CE | OE | WE 170 BUSY

(20) | (22) | (27) |(11-13,15-19)| (1)*
Read Vi ViL ViH Dout High Z
Standby ViH X X HighZ {[HighZ
Byte Write | ViL VIH ViL Din VoL
Write or
Read Vi VIH | ViH HighZ [HighZ
Inhibit

*Pin 1 has an open drain output and requires an external 3K
resistor to Vcc . The value of the resistor is dependent on the
number of OR-tied RDY/BUSY pins.

Recommended Operating Conditions

2864/2864H

Chip Erase

Certain applications may require all bytes to be
erased simultaneously. This feature is optional and
the timing specifications are available from SEEQ.

Power Up/Down Considerations

The 2864 has internal circuitry to minimize a false
write during system Ve power up or down. This
circuitry prevents writing under any one of the
following conditions.

1. Vocis less than 3 V.

2. A negative Write Enable (WE) transition has not
occurred when Vg is between 3 V and 5 V.

Writing will also be prevented if CE or OF are in TTL
logical states other than that specified for a byte
write in the Mode Selection table.

Absolute Maximum Stress Ratings*

Temperature

Storage ..........ciiiiiiiiiiiii -65°C to +150°C

Under Bias . -10°C to +80°C
All Inputs or Outputs with

Respectto Ground .................. +15Vto-03V
Duration of OF Supply at 12 V

During W/E Inhibit ....................... 24 Hours

*COMMENT: Stresses above those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device. This
is a stress rating only and functional operation of the device at
these or any other conditions above those indicated in the opera-
tional sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may
affect device reliability.

2864H-250/H-300

2864-250/-300 2864-35
Vee Supply Voltage 5 V+10% 5 V5%
Temperature Range 0°C to 70°C 0°C to 70°C

10,000 cycles/byte

Q (Maximum Endurance) 10,000 cycles/byte

— GeeQ Technology, Incorporated
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DC Operating Characteristics (Over the operating Vcc and temperature range)

2864/2864H

Limits
Symbol | Parameter Min. Max. Units | Test Condition
lcc Active Vcc Current CE = OE = ViL; All 1/O Open;
(Includes Write Operation) 110 MA | Other Inputs = Vcc Max.
Iss Standby Vcc Current CE = Vin, OE = ViL; All /O Open;
40 mA Other Inputs = Vcc Max.
ILi Input Leakage Current 10 uA VIN = Vcc Max.
ILo Output Leakage Current 10 HA Vout = Vcc Max.
viL Input Low Voltage -0.1 08 \
ViH Input High Voltage 2.0 Vee + 1 \
VoL Output Low Voltage 0.4 ' loL = 2.1 mA
VoH Output High Voltage 2.4 \ loH = -400 A

AC Characteristics Read Operation (Over the operating Vcc and temperature range)

— SeeQ Technology, Incorporated

Limits (ns)
2864H-250 | 2864H-300 .
2864-250 2864-300 2864-35
Symbol | Parameter EMin.| Max. | Min. | Max. | Min.| Max. | Units | Test Conditions
tRC Read Cycle Time 250 300 350 ns |CE=0E=VyL
tce Chip Enable Access Time 250 300 350 ns | OE=ViL
taa Address Access Time 250 300 350 | ns |CE=0E=Vi
toE Output Enable Access Time 90 100 100 ns | CE=vwL
toF Output Enable High to Output Not 0 60 0 60 0 80 ns [CE=VviL
being Driven
toH Output Hold from Address Change, Chip 0 0 0 ns [ CEorOE=Vi
Enable, or Output Enable whichever occurs
first
Read Cycle Timing
—_ \
ADDRESSES ADDRESSES VALID z
Ce Z
re——1tCE —
OE
b = —— —..—j o
10 [+ toH—*] la—
/]77. —————
VALID
outeut \\“ OUTPUT r
" . —_—
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2864/2864H

Capacitance Ta!'l - 25°C; f = MHz AC Test Conditions
Symbol | Parameter Max. | Conditions Output Load: 1 TTL gate and C = 100 pF
Cn Input Capacitance 6pF | VIN=0V Input Rise and Fall Times: <20 ns
G Data /0 — Input Pulse Levels: 0.45 Vto 2.4V
ouT ata (/O Cap, 10 pF| Vo =0V Timing Measurement Reference Level:

Inputs 1 Vand2 V
Outputs 0.8 Vand2 V

AC Characteristics
Write Cycle (Over the Operating Vcc and temperature range)

Limits
gowmo | mese |
Symbol Parameter Min. Max. Min. Max. Min. Max. Units
twe Write Cycle Time/Byte
Standard Family Only 10 10 10 ms
“H"” Family Only 2 2 — ms
tas Address to WE Set Up Time 10 10 10 ns
tcs CE to Write Set Up Time 0 0 0 ns
typl2! WE Write Pulse Width 150 150 150 ns
taH Address Hold Time 50 50 70 ns
tos Data Set Up Time 25 25 50 ns
toH Data Hold Time 20 20 20 ns
tcH CE Hold Time 0 0 0 ns
toEs OE Set Up Time 10 10 ’ 10 ns
toeH OE Hold Time 10 10 10 ns
toL Data Latch Time 50 50 50 ns
tpyl3! Data Valid Time 1 1 1 us
tos Time to Device Busy 120 120 120 ns
Notes:

1. This parameter is only sampled and not 100% tested.
2. WE is noise protected. Less than a 20 ns write pulse will not activate a write cycle.
3. Data must be valid within 1 us maximum after the initiation of a write cycle.

—SeeQ Technology, Incorporated
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2864/2864H

Write Cycle Timing

10ES toEH

ADDRESSES . 8 VALID
j_

le-ten-=f+— toL
1cs | el
K
CE
[
[
AS . .~ 1pL
we
We z
tos ton
DATA IN % VALID
tov —= la o8
| e — DB —»
RDY/BUSY ) ; Z
twe

—SeeQ Technology, Incorporated
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2864/2864H

Ordering Information
PART NUMBER p Q 2864 - 250
OPERATING
PACKAGE TEMPERATURE
TYPE RANGE DEVICE TYPE WRITE TIME ACCESS TIME
D= CERDIP Q=0°Cto+70°C 2864 = 8K x 8 E2ROM (BLANK) = 10 ms 250=250ns
H=2ms 300 =300 ns
Packaging Information

28-LEAD HERMETIC CERDIP PACKAGE TYPE D

O o oo o000 0000000

|

0.557 + 0.042
< (1415 £1.07)
| A 5 o [ O O W
.~ 1480:0025 0.160  0.02 0.610 £ 0.01 __
T T (37.08 : 084) ™| (4.06 £ 0.50) (1549 0.25) .
0.010  0.002
(0.25 = 0.05)
< i~ oismN.
0.04 £ 0.02 owo+oo1o 0.018 £ 0.002 (3.17) 0.660 + 0.04
(1.01 £ 0.50) (2.54 + 0.25) (0.45 + 0.05) =" (16.76 £ 1.01)
0.055 * 0.008
(1.39 £ 0.20)

DIMENSIONS IN INCHES AND (MILLIMETERS).

- SeeQ Technology, Incorporated
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52B13/52B13H
E2
16K Electrically Erasable ROM

August 1984
Features Description

SEEQ’s 52B13 and 52B13H are 2048 x 8 bit, 5 volt
W Input Latches electrically erasable, read only memories (E2ROM) with
W TTL Byle Erase/Byte Write input latches on all address, data and control (chip and
output enable) lines. Data is latched and electrically
B 1 ms (52B13H) or 9 ms Byte Erase/Byte Write written by either a TTL or a 21V (52B13 only) pulse on
the Write Enable pin. Once written, which requires
B Power Up/Down Protection under 10 ms, there is no limit to the number of times data
may be read. Both byte and chip erase modes are
W 10,000 Erase/Write Cycles per Byte available. The erasure time in either mode is under 10
ms, and each byte may be erased and written up to
B 5V +10% Operation 10,000 times. They are direct pin-for-pin replacement

W Fast Read Access Time — 200 ns for SEEQ's 5213.
The 52B13 and 52B13H are ideal for applications that
B Infinite Number of Read Cycles require a non-volatile memory with in-system write and
erase capability. Dynamic reconfiguration (the altera-
B Chip Erase and Byte Erase tion of operating software in real-time) is made possible
- by this device. Applications for the 52B13 and 52B13H
B DiTrace will be found in military avionics systems, program-
- mable character generators, self-calibrating instruments/

JEDEC Approved Byte Wide Memory Pinout

Block Diagram

COLUMN
ADDRESS
LATCHES

COLUMN
ADDRESS
DECODE

=

ROW
ADDRESS
LATCHES

ROW
ADDRESS
DECODE

Aro4 @

LATCH ENABLE

WRITE/ERASE ENABLE

(continued on next page)

‘Pin Configuration
52B13/52B13H

1
2
3
4
5
6
7
8
9

=
k=3

— DUAL INPUT
WE VOLTAGE DATA Pin Names
DETECTION LATCH ENABLE LATCHES
Ag-A10 ADDRESSES
LATCH ENABLE CE CHIP ENABLE
— OE OUTPUT ENABLE
= e CONTROL 1/0 BUFFERS WE WRITE ENABLE
OE —»{ LATCHES LOGIC
170 DATA INPUT (WRITE OR
ERASE)
DATA OUTPUT (READ)

1/0p1

L‘ GeeQ Technology, Incorpomled
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machines, programmable industrial controllers, and an
assortment of other systems. Designing the 52B13 and
52B13H into eight and sixteen bit microprocessor sys-
tems is also simplified by utilizing the fast access time
with zero wait states. The addition of the latches on all
data, address and control inputs reduces the overhead
on the system controller by eliminating the need for the
controller to maintain these signals. This reduces IC
count on the board and improves the system perfor-
mance. Extended temperature and military grade
versions are available.

Device Operation

SEEQ’s 52B13 and 52B13H have six modes of operation
(see Table 1) and except for the chip erase mode they
require only TTL inputs to operate these modes.

To write into a particular location of the 52B13 or
52B13H, that byte must first be erased. A memory loca-
tion is erased by presenting the 52813 or 52B13H with
Chip Enable at a TTL low while Output Enableis at TTL
high, and TTL highs (logical 1s) are being presented to
all the 1/0 lines. These levels are latched and the data
written when write enable is brought to a TTL low level.
The erase operation requires under 10 ms. A write oper-
ation is the same as an erase except true data is
presented to the 1/0 lines. The 52B13H performs the
same as the 52B13 except that the device operates at 5
volts only and the byte erase/byte write time has been
enhancedto 1 ms.

The 52B13 is compatible to prior generation E2ROMs
which required a high voltage signal for writing and
erasing. In the 52B13 there is an internal dual level
detection circuit which allows either a TTL low or 21V
signal (52B13 only) to be applied to WE to execute an
erase or write operation. The 52B13 specifies no restric-
tion on the rising edge of WE.

Table 1. Mode Selection (Vcc = 5V * 10%)

52B13/52B13H

For certain applications, the user may wish to erase the
entire memory. A chip erase is performed in the same
manner as a byte erase except that Output Enable is
between 14V and 22V. All 2K bytes are erased in under
10 ms.

A characteristic of all E2ROMSs is that the total number of
write and erase cycles is not unlimited. The 52B13 and
52B13H have been designed for applications requiring
up to 10,000 write and erase cycles per byte. The write
and erase cycling characteristic is completely byte
independent. Adjacent bytes are not affected during
write/erase cycling.

After the device is written, data is read by applying a TTL
high to WE, enabling the chip, and enabling the outputs.
Data is available tcetime after Chip Enable is applied or
tacc time from the addresses. System power may be
reduced by placing the 52B13 or 52B13H into a standby
mode. Raising Chip Enableto a TTL high will reduce the
power consumption by over 60%.

DiTrace™

SEEQ’s family of E2ROMSs incorporate a DiTrace™
field. The DiTrace™ feature is a method for storing
production flow information to wafer level in an extra
column of E2ROM cells. As each major manufacturing
operation is performed the DiTrace™ field is automati-
cally updated to reflect the results of that step. These
features establish manufacturing operation traceabil-
ity of the packaged device back to the wafer level.
Contact SEEQ for additional information on these
features. :

PIN CE OE WE 170
Mode (18) (20) (21) (9-11, 13-17)
Read!) ViL ViL VIH Dout
Standby!! ViH Don't Care ViH High Z
Byte Erasel?! ViL ViH Vi DN = ViH
Byte Write!2! ViL ViH ViL DN
Chip Erase!? ViL Voe ViL DiN=VIH
Write/Erase Inhibit ViH Don’t Care Don't Care High Z

Notes:

1. WE may be from Vix to 6V in the read and standby mode.

2. WE may be at Vi (TTL W/E Mode) or from 15V to 22V (High Voltage W/E Mode) in the byte erase, byte write, or chip erase mode of the
52B13.

L eeeQ Technology, Incorporated
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52B13/52B13H Specification Differences

52B13/52B13H

Except for the functional differences noted here, the 52B13 and 52B13H operate to the same specifications,

including the TTL W/E mode.
52B13 52B13H

Symbol Function/Parameter Min. Max. Min. Max. Units
twp Write Enable Pulse Width

Byte Write/Erase 70 10 ms

Chip Erase 70 9 20 ms
Vwe WE Write/Erase Voltage

High Voltage Mode 15 22 Not Applicable \

Power Up/Down Considerations

SEEQ’s “52B” E2 family has internal circuitry to minim-
ize false erase or write during system Vg power up or
down. This circuitry prevents writing or erasing under
any one of the following conditions:

1. Ve is less than 3 V.
2. Anegative Write Enable transition has not occurred
when Vg is between 3 Vand 5 V.

Writing will also be prevented if CE or OF are in a
logical state other than that specified for a byte write in
the mode selection table.

Microprocessor Interface Circuit Example for Byte Write/Erase

Typical E2EROM Write/Erase Routine

1SSUE
MEMORY WRITE
COMMAND
TO E2ROM

:

EXECUTE
WAI

AIT
SUBROUTINE
FOR twp

T

ISSUE
MEMORY READ
COMMAND TO

CLEAR EXTERNAL

WE LATCH

WAIT SUBROUTINE
WAIT

INSTIALIZE
COUNT

!

DECREMENT
COUNT

(Note: Data is
invalid in this
operation.)

:32““ I | ADDRESSES

 OF
P A

SYSTEWRESET > . [

r——n Tq W
WMEMORY READ ) | I
EZROM SELECT ) | 1 |
— !
MEMORY WRITE ) T \ L _ 1as00,

LTaLss2,
CHIP SELECT ) — E

DATA BUS <

o

- eeeQ Technology, Incorporated
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52B13/52B13H

Absolute Maximum Stress Ratings*

Temperature "COMMENT: Stresses above those listed under "Absolute
Storage .................. -65°C to +150° C Maximum Ratings" may cause permanent damage to the
Under Bias ............... -10°C to +80° C device. This is a stress rating only and functional operation

All Inputs or Outputs with ' of the device at these or any other conditions above those
Respect to Ground  .......... +6V to -0.3V indicated in the operational sections of this specification is

not implied. Exposure to absolute maximum rating condi-

WE During Writing/Erasin
9 g g tions for extended periods may affect device reliability.

with Respect to Ground ...... +22.5V to -0.3V
Duration of WE Supply at
22V During W/E Inhibit  ............... 24 Hours

Recommended Operating Conditions

52B13-200/-250/-350
52B13H-200/-250/-350

Vce Supply Voltage 5V+10%
Temperature Range 0°Cto70°C
Q (Maximum Endurance)!3! 10,000 cycles/byte

D.C. Operating Characteristics During Read or Write/Erase (Over the operating Vcc and temperature range)

Symbol Parameter Min. Nom.'l]  Max. Unit Test Conditions
[ITN Input Leakage Current 10 KA Vin = Vcc Max.
lo Output Leakage Current 10 uA Vout = Vee Max.
Iwe Write Enable Leakage .

Read Mode 10 uA WE = ViH

TTL W/E Mode 10 uA WE = ViL

High Voltage W/E Model2 15 mA WE =22V, CE=ViL

High Voltage W/E Inhibit Mode!2! 1.5 mA WE =22V, CE= V4

Chip Erase — TTL Mode 10 A WE=ViL

Chip Erase — High Voltage .

Model2! 1.5 mA WE = 22V
[Jele}] Vce Standby Current 15 30 mA CE=VH
Icce Vce Active Current 50 80 mA CE=0E=ViL
ViL (D.C.) | Input Low Voltage (D.C.) -0.1 0.8 \"
ViL (A.C.) Input Low Voltage (A.C.) -0.4 \ Time.= 10 ns
ViH Input High Voltage 2 Vee +1 \%
VWE . WE Read Voltage 2 Vee + 1 \
WE Write/Erase Voltage

TTL Mode -0.1 0.8 Vv

High Voltage Model2| 14 22 \%
VoL Output Low Voltage 0.45 ] loL=2.1mA
VoH Output High Voltage 24 \ lon =-400 uA
VoE OE Chip Erase Voltage 14 22 v loE = 10 A

Notes:

1. Nominal values are for TA =25°C and Vcc = 5.0V.

2. Not applicable to 52B13H.

3. Each byte may be written or erased, over the temperature and Vcc range, up to the recommended endurance (Q) specification.

- seeQ Technology, Incorporated
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A.C. Operating Characteristics During Read (Over the operating Vce and temperature range)
Device 52B33
Number 52B33H
Symbol Parameter Extension Min. Max. Unit | Test Conditions
tacc Address to Data Valid -200 200 ns | CE=OE=VyL
—250 250 ns
-350 350 ns
tcE Chip Enable to Data Valid -200 200 ns | OE=V)_
-250 250 ns
-350 350 ns
toell Output Enable to Data Valid -200 10 80 ns | CE=VL
-250 10 90 ns
-350 10 100 ns
tprl2l Output Enable to High Impedance —200 0 60 ns | CE=ViL
—250 0 70 ns
-350 0 80 ns
toH Output Hold All 0 ns | CE=OE=Vi
Capacitance(3] Ta = 25°C, f = 1MHz A.C. Test Conditions
Symbol | Parameter Max. | Unit [ Conditions Output ‘Load: TTTL g ate and C, = 100 pF
- Input Rise and Fall Times: < 20ns
Cn | InputCapacitance | 10 | pF | ViN=0OV Input Puise Levels: 0.45V to 2.4V
Cour Output Capacitance 10 pF Vour =0V Timing Measurement Reference Level:
Cvge Vcc Capacitance 500 | pF |OE=CE=VH Inputs 1V and 2V
Cpe Vwe Capacitance 10 pF |OE=CE=VH Outputs 0.8V and 2v
Read Timing
---—
ADDRESSES
ADDRESSES >< VALID K
. - ——J
. \ /
————rdf
L—w lcg————
[
1oet! o o2l
- '
ouTPuT LlLLs <<< << VALID OUTPUT }%}f HiGH Z
tacc —| ton ——| l——
Notes:
1. OE may be delayed up to tacc — toE after the falling edge of CE without impact on tacc.
2. tor is specified from OE or CE, whichever occurs first.
3. This parameter is periodically sampled.

— SeeQ Technology, Incorporated
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52B13/52B13H

A.C. Operating Characteristics During Write/Erase (Over the operating Vcc and temperature range)

Symbol Parameter Min. Max. Units
ts CE, OE or Ay Setup to WE 50 ns
tps Data Setup to WE 0 ns
tyl1l WE to CE, OE, Ay or Data Change 50 ns
o Write Enable, WE, 52B13 9 ms

Pulse Width 52B13H 1 ms
twr!2! WE to Mode Change 50 ns

Notes:

1. After ty, hold time, from 'WE, the inputs CE, OE, Address and Data are latched and are “Don’t Cares” until tyg, write recovery time, after
the trailing edge of WE.

2. The Write Recovery Time, twa, is the time after the trailing edge of WE that the latches are open and able to accept the next mode set-up
conditions. Reference Table 1 (page 2 for mode control conditions.

Byte Erase or Byte Write Timing

N
ADDRESSES x VALID DON'T CARE
7

CE f DON'T CARE
OF | / DON'T CARE
[+ tH—>

.
T
|
l
|
I
|
|
|
|
|
|

d +~
T tw '
| fwv———_”_—_—_ |
) ;‘ 1r |
P, \ |
o Lo
— v
WE : t—
N |
| ~ { - '
tos—1 th—] twa—|
!
HIGH Z ! ]L h |
) VALID DON'T CARE
(WRITE) N Py |
: |
|
e
Vo HIGH Z ! / |
(ERASE) + DON'T CARE |
|
le——— BYTE ERASE/WRITE PERIOD = START OF NEXT MODE

L eeeQ Technology, Incorporated
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52B13/52B13H

DQ52B13

e GeeQ Technology, Incorporated

CHIP ERASE PERIOD

Ordering and Packaging Information

PART NUMBERS

-350

DQ52B13H -350

L— ACCESS TIME (ns)

1 ms WRITE TIME
AND 5V ONLY

PRODUCT: 2K x 8 EZROM
TEMPERATURE RANGE: 0°C to 70°C

PACKAGE: CERDIP

START OF NEXT MODE

Chip Erase Timing

1 -

1

CE T\ / DON'T CARE |

| |

| s fe—ty—] |

| 1av A S :

‘ |

oE | |

l |

l |

ViL |

ts t—

| p, - [

| {r- 14V f_ I

| ' \ |

\

| ! \ |

o viu | 6v-4 —k |

I \ |

I - TR |

57T

I Vin - s 'wn—’{

Vo wanz | / |

| et |

- .

24-LEAD HERMETIC CERDIP
PACKAGE TYPE D

o0 00000000

0557+ 0.042
(14152 1.07)

L e
1.260 £ 0.025 0.160 *+0.02 0610+ 0.01
T (200084 (4 06+ 050) (15.49 £ 0.25)
1 Tl 1
s
f —_ J
—
0.010 + 0.002
(0.25 +0.05)
o. 125 MIN
ooa:n o1oo+now no1a+ oonz 3.17)
o1+ 0450) (254 £0.25) (0.45% 0.05) (?:;”;i ?j::,—’
0.055 £ 0.008
(1.39 + 0.20)

DIMENSIONS IN INCHES AND (MILLIMETERS).
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eeeQ 52B33/52B33H

55B33/55B33H
64K Electrically Erasable EEROM

July 1984

Features Description
B High Write Endurance Over Temperature SEEQ’s 52B33 and 55833 are 8196 x 8 bit, 5 volt elec-
Range trically erasable, read only memories (E2ROM) which
— 55B33/55B33H; 1,000,000 cycles/byte are specified over a 0°C to 70°C temperature range.
— 52B33/52B33H; 10,000 cycles/byte The 55833 has a 1,000,000 cycle endurance specifica-

tion and operates exactly like the 10,000 cycle 52B33.

W Input Latches It is ideal for applications requiring frequent writes or

B Fast TTL Byte Write Time where high reliability is needed. The 55833 gives at
— 1 ms for 52B33H/55B33H least a factor or more improvement in reliability over
— 9 ms for 52B33/55B33 10,000 cycle specified E2ROMs. Data retention for
B 5V10%V both devices is 10 years.
- cc Both products have input latches on all addresses,
B Power Up/Down Protection data, and control (chip and output) lines. Data is
. latched and electrically written by a TTL pulse on the
W 200 ns Read Access Time Write Enable pin. Once written there is no limit to the
B DiTrace™ number of times data may be read. The erasure time
is under 10 ms, and each byte may be erased and
B Infinite Number of Read Cycles written up to the specified endurance limit of 10,000
N JEDEC Approved Byte Wide Memory Pinout (continued on next page)
Block Diagram Pin Configuration
1
COLUMN COLUMN 2
e I Aooness )
4
5
6
7
ARE:> AD':)?avsvss AD?)?‘VEISS ME;ZORV °
LATCHES DECODE ARRAY 9
e
LATCH ENABLE
WRITE/ERASE ENABLE
wE WRITE ENABLE INPUT GND
WE > Ve onTROL LATCH ENABLE LAYOHES -
Pin Names
LATCH ENABLE Ac | ADDRESSES — COLUMN (LOWER ORDER BITS)
CE Ar_| ADDRESSES — ROW.
oE CATonEs hoaic /0 BUFFERS CE | CHIP ENABLE
OE | OUTPUT ENABLE
WE | WRITE ENABLE
1/0 | DATA INPUT (WRITE OR ERASE), DATA OUTPUT (READ)
v CC | CHIP CLEAR
o N/C | NO CONNECT

— eeeQ Technology, Incorporated
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o SeeQ Technology, Incorporated

or 1,000,000 times. For applications requiring a faster
byte write or erase time, a 52B33H or 55B33H is avail-
able at 1 ms, giving a 10 times speed increase.

The pin configuration is to the JEDEC approved byte
wide memory pinout. E2ROMSs are ideal for applica-
tions that require a non-volatile memory with
in-system write and erase capability. Dynamic config-
uration (the alteration of opening software in
real-time) is made possible by E2ROMs. Applications
will be found in military avionics systems, program-
mable character generators, self-calibrating
instrument/machines, programmable industrial con-
trollers, and an assortment of other systems.
Designing the E2ROMs into these systems is simpli-
fied because of the fast access time and input latches.
The specified 200 ns access time eliminates or redu-
ces the number of microprocessor wait states. The
addition of the latches on all data, address and con-
trol inputs reduces the overhead on the system
controller by eliminating the need for the controller to
maintain these signals. This reduces IC count on the
board and improves the system performance.

Device Operation

SEEQ’s 52B33 and 55B33H have six modes of opera-
tion (see Table 1) and require only TTL inputs to
operate these modes. The “H” members of the family
operate in the same manner as the other devices
except for a faster write enable pulse width of 1 ms is
specified during byte erase or write.

Read

A read is accomplished by presenting the address of
the desired byte to the address inputs. Once the
address is stable, CE is bought to a TTL low in order
to enable the chip. The write enable (WE) pin must be
at a TTL high during the entire read cycle. The output
drivers are made active by bringing output enable
(OE) to a TTL low. During read, the address, CE, OE,
and I/O latches are transparent.

Mode Selection Table 1)

52B33/52B33H
55B33/55B33H

Write

To write in to a particular location, that byte must first
be erased. A memory location is erased by having
valid addresses, Chip Enable at a TTL low, Output
Enable at TTL high, and TTL highs (logical 1’s) pres-
ented to all the I/O lines. Write Enable is then bought
to a TTL low level to latch all the inputs and I/O lines.
All inputs can be released after the write enable hold
time (ty) and the next input conditions can be estab-
lished while the byte is being erased. During this
operation, the write enable must be held at a TTL low
for 9 ms (twp). A write operation is the same as an
erase except true data is presented to the I/O lines.
The 52B33H and the 55B33H performs the same as
the 52B33/55B33 except that the byte erase/byte write
time has been enhanced to 1 ms.

Chip Clear

Certain applications may require all bytes to be
erased simultaneously. This feature is optional and
the timing specifications are available from SEEQ.

DiTrace™

SEEQ’s family of E2ROMs incorporate a DiTrace™
field. The DiTrace™ feature is a method for storing
production flow information to wafer level in an extra
column of E2ROM cells. As each major manufacturing
operation is performed the DiTrace™ field is automati-
cally updated to reflect the results of that step. These
features establish manufacturing operation traceabil-
ity of the packaged device back to the wafer level.
Contact SEEQ for additional information on these
features.

Power Up/Down Considerations

SEEQ's “562B” E2 family has internal circuitry to min-

imize false erase or write during system Vg power up

or down. This circuitry prevents writing or erasing

under any one of the following conditions:

1. Vec is less than 3 V.

2. A negative Write Enable transition has not occurred
when Ve is between 3V and 5 V.

Writing will also be prevented if CE or OF are in a
logical state other than that specified for a byte write
in the mode selection table.

OE

Function CE cc WE /0
Mode (Pin) (20) M (22) @7) (11-13, 15-19)
Read Vi ViH ViL ViH Dout
Standby ViH Don't Care Don’t Care Don’t Care High Z
Byte Erase ViL VIH VIH ViL DiN = ViH
Byte Write ViL ViH VIH ViL DN

Chip Clear ViL ViL VIH ViL ViL or ViH
Write/Erase Inhibit VIH Don’t Care Don't Care Don't Care High Z
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52B33/52B33H
55B33/55B33H

Absolute Maximum Stress Rallng* *COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the

Temperature ° ° device. This is a stress rating only and functional operation of
Storage ...l —65°C to+100° C he devi h diti b h indi
Under Bias Z10°C to+80° C the device at these or any other conditions above those indi-

"""" Sttt cated in the operational sections of this specification is not

All Inputs or Outputs with implied. Exposure to absolute maximum rating conditions for

Respectto Ground .................... +7V to 0.3V extended periods may affect device reliability.

Recommended Operating Conditions

52B33-200/-250/-350 55B33-250
52B33H-250 55B33H-250 52B33-35
Vce Supply Voltage 5V+10% 5V *10% 5V +5%
Temperature Range 0°Cto70°C 0°Cto70°C 0°Cto70°C
Q (Maximum Endurance)|2! 10,000 cycles/byte 1,000,000 cycles/byte 10,000 cycles/byte

D.C. Operating Characteristics During Read or Erase/Write (Over the operating Vcc and temperature range)

Symbol Parameter Min. Nom. Max. Unit Test Conditions

IIN Input Leakage Current 10 uA VIN = Vcc Max.

lo Output Leakage Current 10 uA Vout = Vcc Max.

Iwe Write Enable Leakage 10 kA WE=ViL

Icc Vce Standby Current 18 40 mA CE=Vi

Icc2 Vce Active Current 60 110 mA CE=0E=VL

ViL (D.C.) Input Low Voltage (D.C.) 0.1 0.8 \Y)

ViL (A.C.) Input Low Voltage (A.C.) 04 \ Time=10ns

VIH Input High Voltage 2 Vee +1 \

VoL Output Low Voltage 045 \ loL=21mA

VoH Output High Voltage 24 \ loH = ~400 pA
Notes:

1. Nominal values are for Ta=25°C and Vcc=5.0V
2. Each byte may be written or erased, over the temperature and Vcc range, up to the recommended endurance (Q) specification.

— seeQ Technology, Incomporated
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52B33/52B33H
55B33/55B33H

A.C. Operating Characteristics During Read (Over the operating Vcc and temperature range)

set-up conditions. Reference Table 1 (page 2) for mode control conditions.

D SeeQ Technology, Incorporated

Device 52B33 55B33
Number 52B33H 55B33H
Symbol | Parameter Extension Min. | Max. | Min. | Max. | Unit |Test Conditions
tacc Address to Data Valid -200 200 - ns [CE=O0E=ViL
-250 250 250 ns
-350/-35 350 — ns
tce Chip Enable to Data Valid -200 200 — ns |OE=viL
—250 250 250 ns
-350/35 350 — ns
toel!) Output Enable to Data Valid -200 10 80 — — ns |CE=Vw
—250 10 90 10 90 ns
-350/35 10 100 - — ns
toel2) Output Enable to High -200 0 60 — — ns |CE=Vi
Impedance -250 0 70 0 70 ns
-350/35 0 80 ns
toH Output Hold Al 0 0 ns [(CE=0E=ViL
Civ/ input and Output All 10 10 pF [Vin=0V for
Coutl3l Capacitance CiN, Vout =0V
for Cour,
TaA=25°C
Read Cycle Timing
-————
ADDRESSES x Am\)l:EISI?Es :x
- ]
. /
R
gb&
o ——T]
togltl le—— tpgl2]
- -y
OUTPUT HiGHz << << / VALID OUTPUT HIGH z
tacc ton —| [—
Notes:
1. OE may be delayed to tacc — toE after the falling edge of CE without impact on tacc.
2. toF is specified from OE or CE, whichever occurs first.
3. This parameter is periodically sampled.
4. After tH, hold time, from WE, the inputs CE, OE, CC, Address and Data are latched and are “Don’t Cares” until twr, Write Recovery
Time, after the trailing edge of WE. .
5. The Write Recovery Time, twr, is the time after the trailing edge of WE that the latches are open and able to accept the next mode
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52B33/52B33H
55B33/55B33H

A.C. Test Conditions

Output Load: 1 TTL gate and C; = 100 pF
Input Rise and Fall Times: <20 ns
Input Pulse Levels: 0.45 Vto2.4 V
Timing Measurement Reference Level:
Inputs 1 Vand2 V
Outputs 0.8 Vand 2 V

A.C. Operating Characteristics During Write/Erase (Over the operating Vcc and temperature range)

Symbol Parameter Min. Max. Units
ts CE, OE or Address Setup to WE 50 ns
tos Data Setup to WE 0 ns
tni4l WE to CE, OE, Address or Data Change 50 ns
twp Write Enable (WE) Pulse Width

Byte Modes — 52B33/55B33 9

Byte Modes — 52B33H/55B833H 1 ms
twrlS! WE to Mode change

E to Start of Next Byte Write Cycle 50 ns
WE to Start of Read Cycle 1 us

Byte Erase or Byte Write Cycle Timing

] X
VALID K DON'T CARE
N 7

\ DON'T CARE

'-————BYTE ERASE/WRITE PERIOD———{—START OF NEXT MODE

(WRITE MODE)

vo HIGH Z
(ERASE MODE)

| <+

T

ADDRESSES X VALID K DON'T CARE |
1

g *

I |
_ T
CE | / DON'T CARE |
f Z |

I |

| S

OF ' \ DON'T CARE :
h fae =] '

Tt twp |

) |

| |

| |

| |

| |

WE L +
! |

| - — |

tos 1 = tH— twr -—‘:

170 HIGH Z ! |
| |

| I

| |

! |

T
| |

(Notes 4 and 5 are on page 4)

— GeeQ Technology, Incorporated
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52B33/52B33H
55B33/55B33H

Microprocessor Interface Circuit Example for Byte Write/Erase

ADDRESS —

ADDRESSES

N2

BUS

SYSTEM RESET )
MEMORY READ )
E?2ROM SELECT )

MEMORY WRITE )

CHIP SELECT )

DATA BUS <

NOTE:

ALL SIGNALS MUST SATISFY THE RELATIONSHIPS INDICATED BY THE

TIMING DIAGRAMS SHOWN ON PAGES 4 AND 5. EZROM SELECT IS
DERIVED FROM THE CHIP SELECT SIGNALS OF ALL DEVICES FOR
WHICH THIS CIRCUIT GATES WE. THIS MAY ENTAIL A SIMPLE OR
FUNCTION. IN CASE OF A SINGLE E2ROM, THE TWO SIGNALS WOULD

BE COMMON.

Typical E2ROM Write/Erase Routine

START

ISSUE
MEMORY WRITE
COMMAND
TO E2ROM

4

EXECUTE
WAIT
SUBROUTINE
FOR twp

:

ISSUE
MEMORY READ
COMMAND TO

CLEAR EXTERNAL
WE LATCH

o SeeQ Technology, Incorporated

(Note: Data is
invalid in this
operation)

WAIT SUBROUTINE

INITIALIZE
COUNT

r

DECREMENT
COUNT

YES

RETURN
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52B33/52B33H
55B33/55B33H

Ordering Information
DQ55B33H—250
PART NUMBER DQ52B33 —250
— [ L
OPERATING
PACKAGE TEMPERATURE
TYPE RANGE DEVICE TYPE WRITE TIME ACCESS TIME
D= CERDIP Q=0°CTO70°C 52B33 = 10K Endurance (BLANK) = 10 ms 200 == 200 ns
55B33 = 1M Endurance H=1ms, 5 Voit 250 =250 ns
350 =350 ns
35=350 ns @ 5% Vce
Packaging Information

28-LEAD HERMETIC CERDIP
PACKAGE TYPE D

O 0 0 0000000000000

( 0.557 + 0.042
(14.15 £ 1.07)

LS J S0 g 6 [ U0 (0 G a0 gy S [ 0 gy O N G N U B

1.460 = 0,025 0.160 + 0.02 0.610 £ 0.01
e [ *
(37.08 £ 0.64) (4.06 + 0.50) I' (15.49 * 0.25) "
v ' __
—
0.010 % 0.002
(0.25 * 0.05)
— - ~ i~ o1zsmIN.
0.04 + 0.02 0.100 * 0.010 0018 +0.002  (3.17) 0.660 * 0.04
,1.01 £ 0.50) (2.54 £ 0.25) (0.45 * 0.05) ~(16.76 = 1.01)
0.055 £ 0.008
(1.39 * 0.20)

DIMENSIONS IN INCHES AND (MILLIMETERS).

B seeQ Technology, Incorporated
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SeeQ

72720
Self-Adaptive E2EROM

Features
M 2K x 8 5V E2ROM Program Memory

W Write to E2ROM Instruction Allows Processor
to Load and Alter its Own Program Memory

B E2ROM Programmable Externally as Well as
Under Processor Control

B E2ROM Programming Instruction can
Program External EZROM

W 256 x 8 Static RAM
W 13 Millisecond E2ROM Byte Write/Byte Erase

B Program Security Lock to Prevent External
Access to User Code

W DiTrace™

B TMS 7000 Microlanguage Processor
Architecture

Description

The SEEQ 72720 is a full function single-chip
microcomputer®, fabricated in N-channel Silicon
Gate technology, which contains a 2K x 8 5V non-
volatile electrically erasable (E2ROM) program

Block Diagram
XTAL 1 XTAL2 Vee Vss
¥ vy
0sC
RESET —»
INT 1— -——MC

INT 3 —mi

13-BIT
TIMER/COUNTER

*TMS7000 under license of Texas Instruments Inc.

memory. This program memory can be erased and
programmed via the processor itself during normal
program execution or can be programmed under
external control as if it were a standard 5V E2ROM
memory component. The E2ROM can easily be
expanded off-chip using the processor’s Full
Expansion Mode. External E2ROM can be
programmed with the same instruction used to alter
on-chip E2ROM.

A security lock mechanism is implemented in E2ROM
memory which allows the user's program to inhibit
external access to its proprietary program code.
Once activated this lock can be reset only by an
external E2ROM block clear operation which erases
the entire program memory contents.

As with other E2ROM devices which SEEQ manufac-
tures, the 72720 has DiTrace™ and Silicon Signature™
features to facilitate production testing and tracking.
Each device is encoded with detailed processing and
testing information which is stored in a special E2RO,
memory as it passes through the manufacturing cycle:
Also stored in an unalterable identification code which
contains product information such as E2ROM pro-
gramming parameters.

Pin Configuration

asq 1 ™ Vss
B7[]2 39[ he6
aoE 3 38| )Ba
B1{J4 37[ B3
B2(5 s[amC
Aol e sl ycr
A7 ufycs
A28 a3[pcs
Asc 9 32| hca
EUs si[ycs
A7Q 1 30[)C2
INT3(J 12 291} C1
iNTi(J13 28] ) co
RESET(J 14 27[ )00
as{1s 26[ D1
As(J16 25 vee
XTAL2(] 17 24[ ) D2
XTAL1(J 18 23{ ) D3
o7(J1e 221 ) 04
DGE 20 211 o5
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Wh}" an E2ROM Microcomputer?

The availability of a single chip microcomputer with
non-volatile program memory which can be altered
under processor control makes possible the design
of low cost products with many new features:

1. Program and Data Security.

2. Self Adaptive Code for machines that learn as

they perform their tasks.

In-Circuit Reprogrammability to eliminate product

disassembly for firmware updates.

. Remote . Reprogrammability to eliminate service
calls for firmware updates.

. Internally Stored Product History including fac-
tory test results, product configuration, revision
level, and service records.

. Stored Initialization Parameters to eliminate front

panel switches and automatically configure pro-

duct for one or many users.

Product Usage and Error Logging to simplify

maintenance and pinpoint product failure modes.

Programming The E2ZROM

The 72720 provides three modes in which the on-
board memory can be programmed:

1. The Slave Mode which can be activated by reset-
ting the part with 5V applied to a dedicated Mode
Control (MC) pin and two 1/O port lines, allows

3.

7

Slave Program Timing

72720

the 72720 to be programmed like any E2ROM or
EPROM memory component. Address, data and
read/write strobes are applied externally. This
mode allows the 72720 to be programmed by
standard PROM programmers or in-circuit by a
master processor.

. In all three normal operating modes, Single Chip,

Peripheral Expansion, or Full Expansion, the
72720 can be programmed by executing a new
instruction called Program (PRG). The PRG
instruction uses any 16-bit register pair in the
Register File as a pointer to the E2ROM location
to be programmed. The 8 bits of data to be
programmed is placed in the A-Register prior to
executing PRG. This addressing mode allows
E2ROM memory to exist anywhere in the Memory
address space of the 72720 (either on- or off-
chip). The PRG instruction is a (13 ms) write
operation which can write any bit already a “1” to
a “0”. Any word in E2ROM memory not erased i.e.,
not all “1s”, must be initialized to all “1s”, via an
extra PRG instruction. The external read/write
logic of the 72720 has been designed to allow the
programming of external E2ROM memory as well
as internal E2ROM using the PRG instruction.
Therefore, on-chip E2ROM can be expanded off-
chip with no impact on system software or timing.

h

ADDRESS
(D0-D7, A0-A3)

ov

X

X

DATA
(C0-C7)

DATAIN )——(

DATA
ou1'_>'—< DATAIN )'_‘(

%
7
DATA

{
out
{6
M

\

SLAVE MODE
INITIALIZATION — "

‘—‘seeQ Technology, Incorporated

|«—WRITE —  <«———VERIFY ——»
FIRST BYTE FIRST BYTE

<— WRITE —
NBYTE

~— VERIFY —»
NBYTE

POWER DOWN
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3. A third programming option called the Macro
mode (which operates in the Full Expansion
mode) provides for E2ROM programming via the
internal CPU executing externally stored code.
Immediately after RESET, the first instruction
fetch occurs from external rather than internal
program memory. This mode allows the 72720 to
bootstrap itself from external memory in situa-
tions where no code exists initially in on-board
E2ROM memory.

Security Lock

Location O1FF in the Peripheral File is a special
control register implemented in E2ROM which
serves to disable external access to on-board
program memory. Security is achieved by writing
“1's” to this register after the 72720 has been
initialized (at Reset) in either the Single Chip or
Peripheral expansion modes. Once the lock is set,
the mode of the 72720 cannot be altered via external
pins, thereby preventing access to internal memory.
The Security Lock can be reset only by an externally
generated block clear which erases all internal
E2ROM memory.

Single Chip Mode

A0
A7

INPUT
LINES

BO
B?

OUTPUT
LINES

co
c7

BIDIRECTIONAL
LINES

Do

BIDIRECTIONAL
b7 LINES

Ul

Mode Control (Normal Operation)

Peripheral Expansion
Mode

>
[ ALATCH
——— RW

——— ENABLE

[~ CLOCK ouT

ADDRESS/DATA 3
ADDR7—ADDRO c7

h BIDIRECTIONAL '
LINES D7

72720

Expansion Modes

In addition to the stand alone Single Chip mode, the
72720 has two expansion modes which provide for
the addition of external memory and 1/O peripherals
to on-chip functions.

Simplest and most efficient in 1/0 lines used is the
Peripheral Expansion Mode, in which Port “C” be-
comes a multiplexed 8-bit data/address bus and
one-half of Port “B” provides address latching and
read/write control for external 1/0 devices. Devices
placed on this expansion bus are accessed the same
as if they existed on-chip, sharing the same instruc-
tion and timing. This includes the logical instructions,
AND, OR, and Exclusive OR which perform read/
modify/write cycles on external peripheral file loca-
tions to provide bit set, reset, and toggle capabilities.

The second mode is called the Full Expansion Mode.
This mode allows the addition of up to 61K bytes of
external program and/or data memory to the 72720
using standard 350 to 400 ns memory devices. This

‘mode also provides for external peripheral 1/0 devi-

ces as in the Peripheral Expansion Mode. This mode
uses the same 1/0 lines with the addition of Port “D”
to provide the additional address lines required to
access the full 64K address space.

Full Expansion
Mode

3 ouTPUT
LINES

j————— ALATCH
—————> RW
[ ENABLE

—— cLock out

>

INPUT
LINES

INPUT
LINES

OUTPUT
LINES

ADDRESS/DATA
ADDR7—ADDRO

ADDRESS
ADDR15—ADDRS8

Pin Voltages at Reset
1/0 Control
MC A4 A7 Register
Pin Pin Pin Bit 7 Bit 6
Single Chip Mode ov X X 0 0
Peripheral Expansion Mode ov X X 0 1
Full Expansion Mode ov X X 1 0
Read E2 Memory Externally +5V ov +5V X X
Write E2 Memory Externally +5V +5V 5V X X
X = Don’t Care
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72720

Mode Control (Factory Test)

Pin Voltages at Reset

MC B1 B2 A4 A7
Pin Pin Pin Pin Pin
E2ROM Block Write” +12V +5V +5V +5V ov
E2ROM Block Clear +12V +5V +5V +5V +5V
Read Silicon Signature™ +12V ov oV oV +5V
Read DiTrace™ +12V ov ov ov oV

Memory Address Space

The 72720 has a single 64K byte address space
divided into three basic areas: a Register File, a Peri-
pheral File and Memory. The Register File resides in
the lower 256 bytes of memory and contains the A-
Register (accumulator), the B-Register (a secondary
accumulator and index register) and 254 general
purpose registers. The stack also residing in the
Register File is accessed via a separate 8-bit stack
pointer register. All accesses to Register File loca-
tions require only one machine cycle (400 ns),
whereas all other accesses on- or off-chip, require
two. The Register File resides entirely on-chip. The
Peripheral File occupies the next 256 bytes above
the Register File and contains all chip control/status
registers and on-chip 1/O ports within the first 11
bytes. The remaining 245 locations can be used to
access off-chip 1/0 ports and peripherals in the
Peripheral Expansion mode.

The remainder of the 64K address space is general
purpose memory for storage of both programs and
data. In the 72720 the upper 2K bytes exist on-chip
as E2ROM which serves to store programs, con-
stants, and can also be used to provide non-volatile
storage of certain infrequently varying data. The
remainder of the address space (= 61K) is available
in the Full Expansion Mode for any type of memory
(including E2ROM) or peripheral devices.

Instruction Set

The 72720 shares the standard instruction set of the
TMS7000 Series, which has 61 different instructions,
including arithmetic instructions which directly
support BCD arithmetic (Decimal Add and Decimal
Subtract on packed BCD bytes), single instruction
/O operations on bit fields from 1 to 8 bits that
operate without using the accumulator, bit test and
jump instructions that function on both 1/O and
memory, and an 8 x 8 multiply instruction. Also
included are a decrement and jump if non-zero
instruction for efficient implementation of program
loops and several double byte operations including
decrement and move.

- GeeQ Technology, Incorporated

72720 addressing modes include three byte direct
addressing allowing register-to-register operations
by-passing the accumulator, 16-bit indirect addres-
sing to the entire 64K address space using any of
the 128 register pairs on chip, a special double byte
immediate load to the registers indexed with the B-
Register, and 16-bit (64K) direct addressing indexed
with the B-Register. )

72720 Memory Map
0
000 AREG 7
B REG
| REGISTER FILE (256 x 8)
-
0100
ON-CHIP 1/0
AND CONTROL REGISTERS
o10C
'— PERIPHERAL FILE (256 x 8)
OFF-CHIP 1/0
O1FF SECURITY LOCK B
0200
L . _[— OFF-CHIP MEMORY (61K)
x I T
F800 .
+— ON-CHIP PROGRAM
MEMORY (2K x 8 EZROM)
FFDO
r»'rnnp VECTORS (48 x 8)
FFFF RESET VECTOR
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Input/Output

In the single chip mode the 72720 provides 32 1/0
lines configured as four 8-bit ports A, B, C and D.
“A” port is input only, “B” port is output only, and
both “C” and “D” ports are fully bi-directional (pro-
grammable as input or output on a bit-by-bit basis).
Ports “C” and “D” are configured by writing to Data
Direction Registers in the Peripheral File address
space. The four 1/O ports themselves also are
accessed as part of the Peripheral File. In addition,
like all Peripheral File locations, the 1/O ports can be
accessed as part of the 64K address space using the
Load, Store, and Compare instructions with either
Direct, Indirect, or Indexed addressing.

1/0 capacity can be easily expanded off-chip using
the Peripheral Expansion Mode in which Port “C”
becomes a multiplexed 8-bit Data/Address latch and
read/write control for external peripheral devices.
There are approximately 245 addresses in the Peri-
pheral Files reserved for accessing these external
peripheral devices and, since they exist in the same
address space as the on-board 1/O ports, they can
be accessed with the same instructions and timing
as on-board 1/0.

Timer/Counter

The programmable timer/counter on-board the 72720
consists of an 8-bit binary down counter and a 5-bit
clock prescaler counter. The timer/counter can be
started and stopped simultaneously via a bit in the
timer control register. Each time a “1” is written to
this start bit the contents of the prescaler Initial
Value and Counter Initial Value registers are loaded
into the prescaler and counter, then counting begins.
Counter underflow sets a flag that activates an inter-
rupt, or can be polled by the user’s program.
Counter underflow also initiates automatic reload of
the Counter Initial Value to provide unattended gen-

Programmable Timer/Event Counter

72720

eration of periodic pulses. The counter clock source
is controlled by a bit in the timer control register and
can be either the CPU XTAL divided by 32 (resulting
in a 3.2 msec clock period) or can be an external
source applied to an input pin. The counter also has
associated with it an 8-bit Capture Latch which can
be used to instantaneously save the counter value in
response to an external interrupt signal. This feature
facilitates the measurement of input pulse width and
also provides a means of measuring and compensat-
ing for variable interrupt response times. Pulse width
measurement is accomplished by loading the Cap-
ture Latch on each edge of the pulse and comparing
the difference. Interrupt response time (latency) is
determined by an interrupt service routine, if the
interrupt has loaded the Capture, Latch by subtract-
ing the content of the Capture Latch from the
current timer value.

The counter Initial Value and Timer Control/Pres-
caler Initial Value registers are write only and the
8-bit counter and Capture Latch registers are read
only. These registers all exist in the 72720's Peri-
pheral File address space.

Interrupts

The 72720 has three hardware interrupt sources and
levels in addition to RESET (considered a non-
maskable interrupt). Level 0 (the highest priority) is
RESET followed by Level 1 which is the external
interrupt input pin INT1. Level 2 is the timer under-
flow interrupt, and Level 3 is the external interrupt
pin INT3. Each of these interrupts has an associated
service routine vector location in the upper eight
bytes of program memory. Level 1 through 3 are
individually enabled/disabled via control bits in the
Peripheral File address space. These four interrupt
vectors are also activated under program control by
executing Trap instructions to vector to the approp-
riate service routines.

XTAL FREQ.

+32
INPUT
PIN

EXTERNAL
INTERRUPT | i'
PIN

™
lz! !s !s!
PRESCALER COUNTER
TIMER INITIAL INITIAL
CONTROL VALUE VALUE
o
LOADED 2
————————————— ON TIMER 2
START e
8
pel
T0 5
5-BIT 8-8IT OVERFLOW 3
PRESCALER COUNTER INTERRUPT Ed
FLAG £
&
1L g
START I —k; =
‘: L~
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8003
EDLC" Ethernet
Data Link Controller

Features

B Optimized for Burst Mode DMA Applications

B 100% Ethernet/IEEE 802.3 Compatible

B 10 MHz Serial/Parallel Conversion

B Preamble Generation and Removal

B Automatic 32-Bit FCS (CRC) Generation and
Checking

M Collision Handling, Transmission Deferral
and Retransmission with Automatic Jam and
Backoff Functions

W Error Interrupt and Status Generation

W 40 Pin Package

W Single 5 V ~10% Power Supply

W Standard CPU and Peripheral Interface
Control Signals

B Loopback Capability for Diagnostics

B Single Phase Clock

B Inputs and Outputis TTL Compatible

Description

The SEEQ Ethernet Data Link Controller (EDLC) is
designed to support the Data Link Layer (layer 2) of
the Ethernet specification for Local Area Networks
{LAN). The system interface is optimized for ease of
connection to commonly available DMA Controllers
and specifically for BURST MODE OPERATION. The

Functional Block Diagram

80083 interfaces directly to the 8023 Manchester Code
Converter to complete the station resident Ethernet
functions. The protocol used is Carrier Sense, Multiple
Access with Collision Detection (CSMA/CD). The
8003 EDLC chip is a single 40 pin VLSI device which
replaces approximately 60 MSI and SS/ devices. It is
designed to greatly simplify the development of
Ethernet communication in computer based systems.
The 8003 provides an economic solution for the con-
struction of an Ethernet node, providing high speed
data communication at 10 Megabits/second and sees
applications in terminals, workstations, personal
computers, small business systems, and large com-
puter systems, in both the office and industrial
environment. The 8003 EDLC chip has a universal
system interface compatible with almost any micro-
processor, microcomputer, or system bus, allowing
the system designer to make the price/performance
tradeoffs for each application. The transmit and
receive sections of the EDLC chip are independent
and can operate simultaneously to allow reception of a
transmitted frame for use in loopback diagnostics
modes.

TxD A2
— a1
A0
TRANSMIT BYTE cs
COUNTER - RD
L WR
ENCODER | BACKOFF T
INTERFACE CONTROLLER ——
ATTEMPT
oot i LN
GisT oD oL INTERFACE
_cor | <:_ :> TXRET
TRANSMIT BYTE
TXEN CONTROL CpSr(0-7)
CRC
‘GENERATOR
TXWR
TxRDY RECEIVE BIT RESET
D PARALLEL/SERIAL CONTROL ~—RESET
PLA
- CsN
16-BYTE CRC —— * DECODER
TRANSMIT CHECKER | INTERFACE
RxD
DATA | rxmxp(0-n)
INTERFACE
cRC SERIAL/PARALLEL
STRIPPER
RXTXEOF 16-BYTE RECEIVE RXC
RECEIVE ADDRESS
CONTROL cLOCK
FIFO CHECKER DRIVERS | ¥xc
L A i A —
RxAD COUNTER
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Functional Description

Frame Format

On an Ethernet communication network, information
is transmitted and received in packets or frames. An
Ethernet frame consists of a preamble, two address
fields, a byte-count field, a data field, and a frame
check sequence (FCS). Each field has a specific for-
mat which is described in detail below. An Ethernet
frame has a minimum length of 64 bytes and a maxi-
mum length of 1518 bytes exclusive of the preamble.
The Ethernet frame format is shown below.

I N A | |
T

PREAMBLE SOURCE DATA FCs
() ADDRESS (46-1500) (@)
6)
DESTINATION BYTE
ADDRESS COUNT
(8) @
NOTE:

Field length in bytes in parentheses.

Preamble: The preamble is a 64-bit field consisting of
62 alternating “1”s and “0”s followed by a “11” End-of-
Preamble indicator.

Destinatlon Address: The Destination Address is a
6-byte field containing either a specific Station
Address, a Broadcast Address, or a Multicast Address
to which this frame is directed.

Source Address: The Source Address is a 6-byte field
containing the specific Station Address from which
this frame originated.

Byte-Count Field: The Byte-Count Field consists of
two bytes providing the number of valid data bytes in
the Data Field, 46 to 1500. This field is uninterpreted
at the Data Link Layer, and is passed through the
EDLC chip to be handled at the Client Layer.

Data Fleld: The Data Field consists of 46 to 1500 bytes
of information which are fully transparent in the sense
that any arbitrary sequence of bytes may occur.

FIRST BYTE

8003

Frame Check Sequence: The Frame Check Sequence
(FCS) field is a 32-bit cyclic redundancy check (CRC)
value computed as a function of the Destination
Address Field, Source Address Field, Type Field, and
Data Field. The FCS is appended to each transmitted
frame, and used at reception to determine if the
received frame is valid.

Transmitting

The transmit data stream consists of the Preamble,
four information fields, and the FCS which is
computed in real time by the EDLC chip and
automatically appended to the frame at the end of the
serial data. The Preamble is also generated by the
EDLC chip and transmitted immediately prior to the
Destination Address. Destination Address, Source
Address, Type Field and Data Field are prepared in the
buffer memory prior to initiating transmission. The
EDLC chip encapsulates these fields into an Ethernet
frame by inserting a preamble prior to these information
fields and appending a CRC after the information fields.

Transmisslion Initiation/Deferral

The Ethernet node initiates a transmission by storing
the entire information content of the frame to be
transmitted in an external buffer memory, and then
transferring initial frame bytes to the EDLC Transmit
FIFO. “Transmit-buffer to FIFO” transfers are
coordinated via the TxWR and TxRDY handshake
interface, i.e., bytes are written to the FIFO via TxWR
only when TxRDY is HIGH. Actual transmission of the
data onto the network will only occur if the network
has not been busy for the minimum defer time (9.6 us)
and any Backoff time requirements have been
satisfied. When transmission begins, the EDLC chip
activates the transmitenable (TxEN) line concurrently
with the transmission of the first bit of the Preamble
and keeps it active for the duration of the transmission.

SIXTH BYTE

[EEAMBLE A0

A7|A8 «.. AI5

...... A ...

A7 LSOURCE ADDRESS ...

T
DESTINATION ADDRESS

BITS WITHIN A BYTE ARE TRANSMITTED/RECEIVED BIT NO. “0" FIRST THROUGH BIT NO. “7” LAST.

Figure 1. Bit Serialization/Deserialization




FIRSTBYTE |A7 ....... A0

M5 L.eeans A8
A3 ..aeeen A18| | DESTINATION

|- ADDRESS
A cieennn A2 (6 BYTES)
A eeienns A32
AT L. AR
[ 2N B0
BIS «.ovun. B8
B2 ....... B16 SOURCE

|- ADDRESS
B3 ... 824 (6 BYTES)
B ...iens B32
B&T ..i.... B40
TT evennan To BYTE COUNT
TI5 ceiennn T8 (2BYTES)
[ S Do

DATA
9 & |- (46 - 1500
BYTES)
LAST BYTE

Figure 2. Typical Frame Buffer Format
for Byte-Organized Memory

Collision

When concurrent transmissions from two or more
Ethernet nodes occur (collision), the EDLC chip halts
the transmission of the data bytes in the Transmit
FIFO and transmits a Jam pattern consisting of
55555555 hex. At the end of the Jam transmission, the
EDLC chip issues a TxRET signal to the CPU, and
begins the Backoff wait period.

To reinitiate transmission, the initial bytes of the frame
information fields must be reloaded into the EDLC
Transmit FIFO. The TxRET is used to indicate to the
buffer manager the need for frame reinitialization. The
reloading of the Transmit FIFO may be done prior to
the Backoff interval elapsing, so that no additional
delay need be incurred to retransmission.

Scheduling of retransmission is determined by a
controlled randomization process called Truncated Binary
Exponential Backoff. The EDLC chip waits a random
interval between 0 and 2K slot times (51.2 us per slot
time) before attempting retransmission, where “K" is
the current transmission attempt number (not to
exceed 10).

When 16 consecutive attempts have been made at
transmission and all have been terminated due to
collision, the EDLC Transmit Control sets an error
status bitand issues an interrupt to the CPU if enabled.

L" GeeQ Technology, Incorporated

8003

Terminating Transmission
Transmission terminates under the following
conditions:

Normal: The frame has been transmitted successfully
without contention. Loading of the last data byte into
the Transmit FIFO is signaled to the EDLC chip by
activation of the RxTxEOF signal concurrently with
the last byte of data loaded into the Transmit FIFQO.
This line acts as a ninth bit in the Transmit FIFO. When
this last byte is serialized, the CRC is appended and
transmitted concluding frame transmission. The
Transmission Successful bit of the Transmit Status
Register will be set by a normal termination.

Collision: Transmission attempted by two or more
Ethernet nodes. The Jam sequence is transmitted, the
Collision status bit is set, the TxRET signal is
generated, and the Backoff interval begun.

Underflow: Transmit data is not ready when needed
for transmission. Once transmission has begun, the
EDLC chip on average requires one transmit byte
every 800 ns in order to avoid Transmit FIFO
underflow (starvation). If this condition occurs, the
EDLC chip terminates the transmission, issues a
TxRET signal, and sets the Transmit-Underflow status
bit.

16 Transmission Attempts: If a Collision occurs for the
sixteenth consecutive time, the 16-Transmission-
Attempts status bitis set, the Collision status bit is set,
the TxRET signal is generated, and the Backoff
interval begun. The counter that keeps track of the
number of collisions is modulo 16 and therefore rolls
over on the 17th collision.

At the completion of every transmission or
retransmission, new status information is loaded into
the Transmit Status Register. Dependent upon the bits
enabled in the Transmit Command Register, an
interrupt will be generated for the just completed
transmission. In both collision and underflow the
TxRET signal is activated.

Recelving

The EDLC chip is continuously monitoring the net-
work. When activity is recognized via the Carrier
Sense (CSN) line going active, the EDLC chip syn-
chronizes itselfto the incoming data stream during the
Preamble, and then examines the destination address
field of the frame. Depending on the Address Match
Mode specified, the EDLC chip will either recognize
the frame as being addressed to itself in a general or
specific fashion or abort the frame reception.

Preamble Processing
The ELDC chip recognizes activity on the Ethernet via
the Carrier Sense line. The Preamble is normally 64




— SeeQ Technology, Incorporated

bits (8 bytes) long. The Preamble consists of a
sequence of 62 alternating “1”s and “0”'s followed by
“11”, with the frame information fields immediately
following. In order for the decoder phase-lock to
occur, the EDLC chip waits 12 bit times before looking
for the “11” end of preamble indicator. If the EDLC
chip receives a “00” before receiving the “11” in the
Preamble, anerror condition has occurred. The frame
is not received, and the EDLC chip begins monitoring
the network for a carrier again.

Address Matching

Ethernet addresses consist of two 6-byte fields. The
first bit of the address signifies whether it is a Station
Address or a Multicast/Broadcast Address.

First Bit Address
0 Station Address (Physical)
1 Multicast/Broadcast Address
(logical)

Address matching occurs as follows:

Station Address: All destination address bytes must
match the corresponding bytes found in the Station
Address Register.

Multicast Address: If the first bit of the incoming
address is a 1 and the EDLC chip is programmed to
accept Multicast Addresses, the frame is received.

Broadcast Address: The six incoming destination
address bytes must all be FF hex. If the EDLC chip is
programmed to accept Broadcast or Multicast
Addresses the frame will be received.

If the incoming frame is addressed to the EDLC chip
specifically (Destination Address matches the
contents of the Station Address Register), or is of
general or group interest (Broadcast or Multicast
Address), the EDLC chip will pass the frame exclusive
of Preamble and FCS to the CPU buffer and indicate
any error conditions at the end of the frame. If, however,
the address does not match, as soon as the mismatch is
recognized the EDLC chip will terminate reception and
issue an RxDC.

The EDLC chip may be programmed via the Match
Mode bits of the Receive Command Register to ignore
all frames (Disable Receiver), accept all frames
(Promiscuous mode), accept frames with the proper
Station Address or the Broadcast Address (Station/
Broadcast), or accept all frames with the proper
Station Address, the Broadcast Address, or all
Multicast Addresses (Station/Broadcast/Multicast).

8003

Terminating Reception
Reception is terminated when either of the following
conditions occur:

Carrier Sense Inactive: Indicates that traffic is no
longer present on the Ethernet cable.

Overflow: The host node for some reason is not able to
empty the Receive FIFO as rapidly as it is filled, and an
error occurs as frame data is lost. On average the
Receive FIFO must be serviced every 800 ns to avoid
this conditions.

Frame Reception Conditions

Upon terminating reception, the EDLC chip will
determine the status of the received frame and condi-
tionally load it into the Receive Status Register. An
interrupt will be issued if the appropriate conditions as
specified in the Receive Command Register are pres-
ent. The EDLC chip -may report the following
conditions at the end of frame reception:

Overflow: The EDLC internal Receive FIFO overflows.

Dribble Error: Carrier Sense did not go inactive on a
receive data byte boundary.

CRC Error: The 32-bit CRC transmitted with the frame
does not match that calculated upon reception.

Short Frame: A frame containing less than 64 bytes of
information was received (including FCS).

Good Frame: A frame is received that does not have a
CRC error, Shortframe, or Overflow condition.

System Interface

The EDLC chip system interface consists of two
independent busses and respective control signals.
Data is read and written over the Receive/Transmit
Data Bus RxTxD (0-7). These transfers aré controlled
by the TxRDY and TxWR signals for transmitted data,
and RxRDY and RxRD for received data. All
Commands and Station Addresses are written, and all
status read over a separate Command/Status Bus
CdSt (0-7). These transfers are controlled by the CS,
RD, WR, and A0-A2 signals. The EDLC chip’s
command and status registers may be accessed atany
time. However, it is recommended that writing to the
command register be done only during interframe
gaps.

With the exception of the two Match Mode bits in the
Receive Command Register, all bits in both command
registers are interrupt enable bits. Changing the
interrupt enable bits during frame transmission does
not affect the frame integrity. Asynchronous error
events, however, e.g., overflow, underflow, etc., may
cause chip operation to vary, if their corresponding
enable bits are being altered at the same time.
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Figure 3. Typical Ethernet Node Configuration

Reading the status registers may also occur at any
time during transmission or reception.

Internal Reglster Addressing

Register Register Description
Address
A2 | A1 | AO Read Write
0 0 0 0 — Station Addr 0
1 0 0 1 - Station Addr 1
2 0 1 0 - Station Addr 2
3 0 1 1 - Station Addr 3
4 1 0 0 - Station Addr 4
5 1 0 1 - Station Addr 5
6 1 1 0 Rx Status Rx Command
7 1 1 1 Tx Status Tx Command

Status registers are read only registers. Command and
Station Address registers are write only registers.
Access to these registers is via the CPU interface:
Control signals CS, RD, WR, and the Command/Status
Data Bus CdSt (0-7).

Station Address Register

The Station Address Register is 6 bytes in length. The
contents may be written in any order, with bit “0” of
byte “0” corresponding to the first bit received in the

data strearn, and indicating whether the address is
physical or logical. Bit 7 of station address byte 5 is
compared to the last bit of the received destination
address. The Station Address should be programmed
prior to enabling the receiver.

Transmit Command Register

The Transmit Command Register is an interrupt mask
register, which provides for control of the conditions
allowed to generate transmit interrupts. Each of the
four least significant bits of the register may be indi-
vidually set or cleared. When set, the occurrence of the
associated condition will cause an interrupt to be gen-
erated. The four specific conditions for which interrupts
may be generated are:

e Underflow

e Collision

e 16 Collisions

e Transmission Successful

The interrupt signal INT will be set when one or more
of the specified transmission termination conditions
occurs and the associated command bit has been sst.
The interrupt signal INT will be cleared when the
Transmit Status Register is read.

All bits of the Transmit Command Register are cleared
upon chip reset.
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Transmit Command Register Format
7 6543210 Bi

Lefofole[ T 1]

Interrupt on Transmit Underflow
Interrupt on Transmit Collision
Interrupt on 16 Transmission
Attempts

Interrupt on Transmission
Successful

Transmission Successful is set only on the successful
transmission or retransmission of a frame.

Transmit Status Register

The Transmit Status Register is loaded at the
conclusion of each frame transmission or
retransmission attempt. It provides for the reporting of
both the normal and error termination conditions of each
transmission.

The OLD/NEW status bit is set each time the Transmit
Status Register is read, and reset each time new status
is loaded into the Transmit Status Register. The
OLD/NEW status bit is SET, and all other bits
CLEARED upon chip reset.

Transmit Status Register Format
7 6543210 Bit

BEECOEEEN

‘—Transmit Underflow
Transmit Collision

16 Tr Attempt
T ion St foxl
Old/New Status

Receive Command Register

The Receive Command Register has two primary
functions, it specifies the Address Match Mode, and it
specifies Frames-of-Interest. i.e. frames whose arrival
must be communicated to the CPU via interrupts and
status register updates. Frames-of-Interest are frames
whose status must be saved for inspection, even at the
expense of losing subsequent frames.

Receive Command Register Format
7 6543210 Bt

HRERREEE

Interrupt on Overflow Error
Interrupt on CRC Error
Interrupt on Dribble Error
Interrupt on Short Frame
Interrupt on End of Frame

———————— Interrupt on Good Frames
Match Mode 0
Match Mode 1
Bits 0-5 specify Interrupt and Frame-of-Interest when
set. Bit 4, End of Frame, specifies any type of frame
except overflow.
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Match Mode Definition
Match Match
Mode Mode
1 0 Function
0 0 0 Receiver Disable
1 0 1 Receive All Frames
2 1 0 Receive Station or Broadcast
Frames
3 1 1 Receive Station,
Broadcast/Muiticast Frames

Changing the receive Match Mode bits during frame
reception may change chip operation and give
unpredictable results.

Interrupt Enable and Frames-of-interest

Bits 0-5 when set specify interrupt generation on
occurrence of the corresponding frame reception
condition. They also specify the corresponding types
of frames to be Frames-of-Interest for use by the
Receive Status Register to control status loading.

Recelve Status Register

The Receive Status Register is normally loaded with
the status of each received frame when the frame has
been received or frame reception has been terminated
due to an error condition. In addition, this register
contains the Old/New Status bit which is set when the
Receive Status Register is read orthe chip is reset, and
cleared only when new status is loaded for a Frame-of-
Interest (as defined by bits 0-5 of the Receive
Command Register). All other bits are cleared upon
chip reset.

Recelve Status Reglister Format
76543210 Bit

[ TTTTT]

L Received Frame with Overflow
Error

Received Frame with CRC Error
Received Frame with Dribble Error
Received Short Frame

Recelved End of Frame

Received Good Frame

Old/New Status

The Old/New Status bit write-protects the Receive
Status Register while it contains unread status for a
Frame-of-interest. When this bit is zero, the register is
write-protected. The Old/New Status bit is cleared
whenever the status of a new Frame-of-Interest is
loaded into the Receive Status Register and is set after
that status is read. When zero, it indicates “new status
for a Frame-of-Interest”.
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Thus the status of any frame received following the
reception of a Frame-of-Interest will not be loaded into
the Receive Status Register unless the previous status
has been read. If any following frame is received
before the status of the previous Frame-of-interest has
been read, the new status will not be loaded, the
Receive Discard (RxDC) signal will be issued and the
Receive FIFO will be cleared.

With this one exception caused by a write-protect
condition, the status of each frame is always loaded
into the Receive Status Register on completion of
reception.

Any frame received will cause an interrupt to be
generated if the corresponding Interrupt Enable bit is
set. This interrupt is reset upon reading the Receive
Status Register.

These conditions ensure that a maximum number of
good frames are received and retained.

g M ow Vee
Aol 2 39| JA2
TXEN[{ 3 38 ])Cs
TxbJ 4 37 JRD
TXRET(] 5 s JWR
RuTxD0(J & as[ ] cdsto
RxTxDI(] 7 34 [ Jcdst1
RxTxD2(] 8 33 Jcdst2
RxTxD3(] 9 32 )Cdst3
RxTxD4[d 10 31 Jcdsta
RxTxDSE " 30 Jcdsts
RxTxD6(] 12 20 JCdsté
RxTxD7(J 13 28 JCdst?
T 14 27 JRxC
TxwWR(J 15 26 JRxDC
TxRDY([] 16 25 L}INT
RxTxEOF(J 17 2 JcoLL
AxAD(] 18 23 JRESET
RxRDY(] 19 2[)csn
Vss{ 20 21[ )AxD

Figure 4. Pin Configuration

Pin Description

The EDLC chip has four groups of interface signals:
e Power Supply e Data Buffer

® Encoder/Decoder e Command/Status
Power Supply

[ e S +5V
VS i e e Ground

Encher/Decoder Interface
TxC Transmit Clock (Input): 10 MHz, 50% duty cycle
transmit clock used to synchronize the transmit data

8003

from the EDLC chip to the encoder. This clock runs
continuously, and is asynchronous to RxC.

TxD Transmit Data (Output): Serial data output to the
encoder. Active HIGH.

TxEN Transmit Enable (Output): This signal is used to
activate the encoder. It becomes active when the first
bit of the Preamble is transmitted and inactive when
the last bit of the frame is transmitted. Active HIGH and
cleared by Reset.

RxC Recelve Clock (Input): 10 MHz, 50% duty cycle
nominal. The receive clock is used to synchronize
incoming data to the EDLC chip from the decoder.
This clock runs continuously, and is asynchronous to
TxC.

RxD Receive Data (Input): Serial input data to the
EDLC chip from the decoder. Active HIGH.

CSN Carrier Sense (Input): Indicates traffic on the
coaxial cable to the EDLC chip. Becomes active with
the first bit of the Preamble received, and inactive one
bit time after the last bit of the frame is received. Active
HIGH.

COLL Collision (Input): Indicates transmission
contention on the Ethernet cable. The Collision input
is latched internally. Sampled during transmission,
Collision is set by an active high pulse on the COLL
input and automatically reset at the end of
transmission of the JAM sequence.

Data Buffer Interface

RxTxD (0-7) Receive/Transmit Data Bus (1/0):Carries
Receive/ Transmit data byte from/to the EDLC chip
Receive/ Transmit FIFOs.

RxTxEOF Recelve/Transmit End of Frame (I/0):
Indicates last byte of data on the Receive/Transmit
Data Bus. Effectively a ninth bit in the FIFOs with
identical timing to RxTxD (0-7). Active HIGH.

RxRDY Recelve Ready (Output):indicates that at least
one byte of received data is available in the Receive
FIFO. This signal will remain active high as long as one
byte of data remains in the Receive FIFO. When this
condition no longer exists, RxRDY will be deasserted
with respect to the leading edge of the RxRD strobe
that removes the last byte of data from the Receive
FIFO. RxRD should not be activated if RxRDY is low.
Active HIGH and cleared by Reset.

RxRD Receive Read Strobe (Input): Enables transfer
of received data from the EDLC Receive FIFO to the
RxTxD Bus. Data is valid from the EDLC Receive FIFO
at the RxTxD pins on the rising edge of this signal. This
signal should not be activated unless RxRDY is high.
Active LOW.

— GeeQ Technology, Incorporated
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RxDC Recelve Discard (Output): Asserted when one
of the following conditions occurs, and the associated
Interrupt Enable bit in the Receive Command Register
is reset. (1) Receive FIFO overflow. (2) CRC Error. (3)
Short Frame Error. (4) Receive frame address non-
match or (5) current frame status lost because
previous status was not read. RxDC does not activate
on errors when the associated Interrupt Enable bit is
set. In this case, EOF will be generated instead when
the Receive FIFO is read out. This allows reception of
frames with errors. RxDC acts internally to clear the
Receive FIFO.

TxRDY Transmit Ready (Output): Indicates that the
Transmit FIFO has space available for at least one data
byte. This signal will remain active high as long as one
byte of space exists for transmitted data to be written
into. When this condition no longer exists, TxRDY will
be deasserted with respect to the leading edge of the
TxWR strobe that fills the Transmit FIFO. TxRDY is
forced inactive during Reset, and when TxRET is
active. Active HIGH. Goes high after Reset.

TxWR Transmit Write (Input): Synchronizes data
transfer from the RxTxD Bus to the Transmit FIFO.
Data is written to the FIFO on the rising edge of this
signal. This signal should not be active unless TxRDY
is high. Active LOW.

TXRET Transmit Retransmit (Output): Asserted when-
ever either transmit underflow or transmit collision
conditions occur. It is nominally 800 ns in width. Active
HIGH. Asserted by Reset.

TxRET clears the internal Transmit FIFO.
Command/Status Interface

CdSt (0-7) Command/Status Data Bus (1/0): These
lines carry commands and status as well as station
address initialization information between the EDLC
chip and CPU. These lines are nominally high
impedance until activated by CS and RD being
simultaneously active.

8003

A0-A2 Address (0-2) (Input): Address lines to select
the proper EDLC internal registers for reading or
writing.

CS Chip Select (Input): Chip Select input, must be
active in conjunction with RD or WR to successfully
access the EDLC internal registers. Active LOW.

RD Read (Input): Enables reading of the EDLC
internal registers in conjunction with CS. Data from
the internal registers is enabled via the falling edge of
"RD and is valid on the rising edge of the signal. Active
Low.

WR Write (Input): Enables writing of the EDLC internal
registers in conjunction with CS. Write data on the
CdSt (0-7) data lines must be set up relative to the
rising edge of the signal. Active LOW.

INT Interrupt (Output): Enabled as outlined above by a
variety of transmit and receive conditions. Remains
active until the status register containing the reason
for the interrupt is read. Active HIGH.

RESET (Input): Initializes control logic, clears
command registers, clears the Transmit Status
Register, clears bits 0-5 of the Receive Status Register,
sets the Old/New Status bit (bit 7 of the Receive Status
Register), asserts RxDC and TxRET and clears the
Receive and Transmit FIFOs. In addition, TxRDY is
forced low during a reset. TxRDY goes high when
RESET goes high, indicating the EDLC chip is ready to
transmit. RESET is active LOW.

Absolute Maximum Ratings
Ambient Temperature

UnderBias ...........c...ouu.. -10°C to +80°C
Storage Temperature .......... -65°C to +150°C
All Input or Output Voltages

with Respect to Ground ........... +7 Vto-05V

Package Maximum Power Dissipation ... 1.5 Watts

DC Characteristics T4,=0°Cto70°C, Vcc=4.50 Vt05.50 V

Limits(1]
Symbol Paramater Min. Typ. Max Units Condition
IiN Input Leakage Current 10 uA VIN=0.45V1t05.25V
lo Output Leakage Current 10 nA Vour=0.45V105.25V
Icc Vce Current 150 200 mA
VcH Clock Input High Voltage 3.5 Vee+ 1 \'
VoL Clock Input Low Voltage 08 v
ViL Input Low Voltage 0.8 \
ViH4 Input High Voltage 20 Vee +1 \2 Except TXWR and
RxRD
ViH, Input High Voltage 3.0 Ve + 1 v TXWR and RxRD
VoL Output Low Voltage 0.4 3 loL=2.TmA
VoH Output High Voltage 2.4 \ lon = -400 A
NOTE:

1. Typical values are for Ta= 25°C and nominal supply voltages.
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Operating Conditions
Ambient Temperature Range ....... 0°Cto70°C
Veoc PowerSupply ..............

450 Vto 5.50 V

Capacitance T,=25°C, Fc=1 MHz

Symbol Parameter Maximum | Condition
Cin Input Capacitance 15 pF VIN=0V
Cro 1/0 Capacitance 15 pF Vio=0V

8003

AC Test Conditions

Output Load: 1 Schottky TTL Gate + CL = 100 pF
(All pins except TxEN, TxD)

TXEN, TxD Load: 1 Schottky TTL Gate + CL =35 pF
Input Pulse Level: 0.4 Vto 2.4V

Timing Reference Level: 1.5 V

A.C. Characterlstics T = 0°C to 70°C, Voo =4.50 V t0 5.50 V

Limits Units
Symboll5] | Parameter Min. T Typ. 4[ Max. (ns) Condition
DATA AND COMMAND/STATUS INTERFACE TIMING

TDBD RxTx/CdSt Bus Data Delay 150 ns

TDBR RxTx/CdSt Bus Release Delay 10 ns

TDBS RxTx/CdSt Bus Seizure Delay 10 150 ns

TDRY RxRDY/TxRDY Clear Delay 100 ns

THAR Ao-2/CS Hold 10 ns

THDA RxTx/CdSt Bus Hold [ ns

THRW RxRD/TxWR Hold ns

TSAR Ao-2/CS Setup 0 ns

TSCS CdSt Bus Setup 90 ns

TSRT RxTx Bus Setup 90 ns

TWCH RxRD/TXWR/RD//WR High Width 100 ns

TWCL RxRD/TxWR/RD/WR Low Width 100 ns

SERIAL TRANSMIT AND RECEIVE INTERFACE TIMING

TDDC RxDC Set Delay 800 ns Note 1
TDIC INT Clear Delay 150 ns

TDRE TxRET Set Delay 2400 ns Note 3
TDRI Receive INT Delay 1000 ns Note 2
TDTD TxD/TXEN Delay 20 60 ns Cl =35 pF
TDTI Transmit INT Delay 1200 ns Note 4
THRD RxD Hoid 20 ns

TPCK RxC/TxC Clock Period 95 1000 ns

TSRD RxD Setup 30 ns

TWDC RxDC High Width 600 ns

TWRC RxC High/Low Width 45 ns

TWRE TxRET High Width 600 ns

TWRS RESET Low Width 10,000 ns

TWTC TxC High/Low Width 45 ns

TWCO COLL Width 50 ns

NOTES:

1. Forframe reception with Shortframe or CRC Error. If frame reception is terminated due to Overflow, RxDC will be issued within 1.2 us
of Overflow. If frame reception is terminated due to non-match of address, RxDC will be issued within 2.4 us of the receipt of the last

address bit.

w N

1.2 us of the Underflow.

. Normal frame reception without Overflow. If frame reception is terminated due to Overflow, INT will be issued within 1.2 us of Overflow.
. For TXRET caused by Collision or 16 Collision condition. If transmission is terminated due to Underflow TxRET will be issued within

4. For INT caused by Collision or 16 Collision condition. If caused by Underflow, INT will be issued within 1.2 us. If caused by normal

termination, INT will be issued within 200 ns of TxEN going LOW.

5. ltalics indicate input requirement, non-italics indicate output timing.
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RECEIVE DATA INTERFACE TIMING

TDRY —

RxFIFO (BOTTOM) EMPTY

8003

THRW—|

NOTE 1: BUS IS DRIVEN AT THIS TIME, HOWEVER, NO VALID INFORMATION PRESENT.

RXRDY
|
7
TWoL———|
;_
RXRD / ) / \
7/ / \
TWCL TWCH———»|
L |«———TDBD
TDBR TDBS ——»| — — TDBR
RxTxDO-7
RXTXEOF
NOTE 1
TRANSMIT DATA INTERFACE TIMING
TxFIFO (TOP) FULL
TxRDY
TweL—— 4 —
xWR z
TWCH TWCL THRW
RxTxDO-7
RxTxEOF
TSRT THDA TSRT —> THDA
COMMAND/STATUS INTERFACE TIMING
TSAR- le— THAR—
A0-A2, c§:>< )(
< E—
"D \ /
¢——T—rsnn
TWeL THAR | le———TweH
WR * /
(«——TWCH f«——TDBD — TDBR
Cds10-7 —>_—-
NOTE 1
TSCS—>| THDA TDBS—»|

[ SeeQ Technology, Incorporated
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SERIAL TRANSMIT INTERFACE TIMING

——————TWTC

TxD
— TDTD
TxEN
‘.‘ T™WCO
— TDTD
COLL
_/
TDRE — TWRE
TxRET
r¢——————TDTI
INT
TDIC
RD

Ordering and Package Information
PART NUMBER
D Q 8003
PRODUCT: EDLC™IC
TEMPERATURE RANGE: 0°C TO 70°C
PACKAGE: CERDIP

8003

SERIAL RECEIVE INTERFACE TIMING

RxC
~——TSRD
RxD
_ «——THRD
CSN
[«— TDDC-—»j«—— TWDC ——>|
I
RxDC '
L—TDRI
INT
TDIC +|
RD

40-LEAD HERMETIC CERDIP

065 (1651) PACKAGE TYPE D
> ) * 7045 (1183)
| - — )
NOTES:
| 1. FOR SOLDER DIPPED LEADS,
600 (15.240) THICKNESS WILL BE .020 MAX.
515 (13.081)

Lr\_n_ru Iy

.

1900 REF |
(49.546)

085 (2159)
045 (1.143)

ALL DIMENSIONS IN INCHES AND (MILLIMETERS)

2.080 (52.832)
2.030 (51.562)

180 (4.572)
[ 740 (3556)
040 (1.016)

L 020 (0.508)
016 (0.408)

020 (0.508)

s N S S
+ f

"° 2799 | 455 min

osa (2.286)

(3.175)

lo_ 620 (5.748) |
" 600 (5.240)
| 11 ]
_ 8
L.._J_L_I
s REF § Kt

1012 (.305)
7008 (:203)

SEE NOTE 1
‘ 700 (17.780)
620 (15.748)
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8023A
MCC™ Manchester
Code Converter

August 1985

Features

B Compatible with IEEE 802.3 and Ethernet
Rev. 1 Specification

m Compatible with the 8003 EDLC™ and Intel
82586 LAN Controller

m Directly Replaces SEEQ 8002 and 8023

B Manchester Data Encoding/Decoding and
Receiver Clock Recovery with Phase Locked
Loop (PLL)

m Receiver and Collision Squelch Circuit and
Noise Rejection Filter

m Differential TRANSMIT Cable Driver

u Loopback Capability for Diagnostics and
Isolation

® Fail-Safe Waichdog Timer Circuit to Prevent
Continuous Transmission

B 20 MHz Crystal Oscillator

m Transceiver Interface High Voltage (16 V)
and Low Voltage Short Circuit Protection

m Low Power CMOS Technology with Single
5V Supply

®m 20 pin DIP Package

Functional Block Diagram

Description

The SEEQ 8023A Manchester Code Converter chip
provides the Manchester data encoding and decod-
ing functions of the Ethernet Local Area Network
physical layer. It interfaces to the SEEQ 8003 Ethernet
Data Link Controller or to the Intel 82586 LAN Con-
troller and any standard Ethernet transceiver as de-
fined by IEEE 802.3, and Ethernet Revision 1.

The SEEQ 8023A MCC™ is a functionally complete
Encoder/Decoder including ECL level balanced driver
and receivers, on board oscillator, analog phase
locked loop for clock recovery and collision detection
circuitry. In addition, the 8023A includes a 25 milli-
second watchdog timer, a 4.5 microsecond window
generator, and a loopback mode for diagnostic oper-
ation.

Together with the 8003 and a transceiver, the 8023A
Manchester Code Converter provides a high perfor-
mance minimum cost interface for any system to
Ethernet.

Pin Configuration

TXEN )
{ e W J MODE1 []1 Vee
WATCHDOG MopE2 (2 Tx+
TIMER LPBK/wDTD (] 3 Tx-
Rx+ [ }4 TxD
™C J—
Tt Rx-]5 ™C
ENCODER Txe (CSN) csN TxEN (TxEN)
™0 TRANSMIT (ot coue (7 ) X1
\%sr'g (RxC) Rxc [] 8 X2
rxp[]s coLL+
CSN CARRIER < Ve vss{J10 coLL-
SENSE Vs
x1 XTAL Ml ~——— MODE!
X2 cLock || —  woDE2
RxC
RECEIVI
L- DECODER MUX CEIVE
—
RxD
Rx—
10 MHz < l:: coLL+
coLL
DETECTOR coLL—
COLLISION

Figure 1. 8023A MCC™ Manchester Code Converter Block Diagram.




Functional Description

The 8023A Manchester Code Converter chip has two
portions, transmitter and receiver. The transmitter
uses Manchester encoding to combine the clock and
data into a serial stream. It also differentially drives
up to 50 meters of twisted pair transmission line. The
receiver detects the presence of data and collisions.
The 8023A MCC™ recovers the Manchester encoded
data stream and decodes it into clock and data
outputs. Manchester- Encoding is the process of
combining the clock and data stream so that they
may bé transmitted on a single twisted pair of wires,
and the clock and data may be recovered accurately
upon reception. Manchester encoding has the unique
property of a transition at the center of each bit cell, a
positive going transition for a “1’, and a negative
going transition for a “0” (See Figure 2). The en-
coding is accomplished by exlusive-ORing the clock
and data prior to transmission, and the decoding by
deriving the clock from the data with a phase locked
loop.

Clock Generator

The internal oscillator is controlled by a 20 MHz
parallel resonant crystal or by an external clock on
X1. The 20 MHz clock is then divided by 2 to gener-
ate a 10 MHz +0.01% transmitter clock. Both 10 MHz
and 20 MHz clocks are used in Manchester data
encoding.

Manchester Encoder and Differential Qutput Driver
The encoder combines clock and data information
for the transceiver. In Manchester encoding, the first
half of the bit cell contains the complementary data
and the second half contains the true data. Thus, a
transition is always guaranteed in the middle of a bit
cell.

DATA ]
T TTED I [
DATA ] |
(MANCHESTER |
ENCODED) |

|

i

Figure 2. Manchester Coding

!
!
SERIAL I r
|
|
|
!

8023A

Data encoding and transmission begin with TxEN
going active; the first is always positive for Tx(-) and
negative for Tx(+). In IEEE mode, at the termination
of a transmission, TxEN goes inactive and transmit
pair approach to zero differential. In Ethernet mode,
at the end of the transmission, TxEN goes inactive
and transmit pair stay differentially high. The transmit
termination can occur at bit cell center if the last bit
is a one or at a bit boundary if the last bit is a zero.
To eliminate DC current in the transformer during
idle, Tx *x is brought to 100 mV differential in 600 ns
after the last transition (IEEE mode). The back swing
voltage is guaranteed to be less than .1 V.

Watchdog Timer

A 25 ms watchdog timer is built on chip. It can be
enabled or disabled by the LPBK/WDTD signal. The
timer starts counting at the beginning of the trans-
mission. If TXxEN goes inactive before the timer
expires, the timer is reset and ready for the next
transmission. If the timer expires before the trans-
mission ends, transmission is aborted by disabling
the differential transmitter. This is done by idling the
differential output drivers (differential output voltage
becomes zero) and deasserting CSN.

Ditferentlal Input Circult (Rx+ and Rx-, COLL+ and
COLL-)

As shown in Figure 3, the differential input for Rx+
and Rx- and COLL+ and COLL- are externally ter-
minated by a pair of 39.2 Q *+ 1% resistors in series
for proper impedance matching.

The center tap has a 0.01 uF capacitor, tied to
ground, to provide the AC common mode impedance
termination for the transceiver cable.

392 1%

AAA,
VWV

COLLISION OR | TRANSCEIVER
RECEIVE 1’_——‘ CABLE
INPUT .01 uF

<
Q& 3920 1%

Figure 3. Ditferential Input Terminator
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Both collision and receiver input circuits provide a
static noise margin of -140 mV to -300 mV (peak
value). Noise rejection filters are provided at both
input pairs to prevent spurious signals. For the re-
ceiver pair, the range is 15 ns to 30 ns. For the
collision pair, the range is 10 ns to 18 ns. The D.C.
threshold and noise rejection filter assure that differ-
ential receiver data signal less than -140 mV in ampli-
tude or narrower than 15 ns (10 ns for collision pair)
is always rejected, signal greater than -300 mV and
wider than 30 ns (18 ns for collision pair) is always
accepted.

Manchester Decoder and Clock Recovery Circuit
The filtered data is processed by the data and clock
recovery circuit using a phase-locked loop technique.
The PLL is designed to lock onto the preamble of the
incoming signal with a transition width asymmetry not
greater than +8.25 ns to —8.25 ns within 12 bit cell
time worst case and can sample the incoming data
with a transition width asymmetry of up to +8.25 ns
to —8.25 ns. The RxC high or low time will always be
greater than 40 ns. If MODEZ2 is high or floating, RxC
will be held low for 1.2 us maximum while the PLL is
acquiring lock. If MODE2 s low, RxC follows TxC
for the first 1.2 us and then switches to the recov-
ered clock. In addition, the Encoder/Decoder asserts
the CSN signal while it is receiving data from the
cable to indicate the receiver data and clock are valid
and available. At the end of frame, after node just
finished transmitting, CSN is deasserted and will not
be asserted again for a period of 4.5 us regardless of
the state of the receiver pair or collision pair. This is
called the inhibit period. There is no inhabit period
after packet reception. Also, RxD is held low if MODE2
is low or high if MODE 2 is high and RxC reverts to
TxC. During clock switching, RxC may stay high for
200 ns maximum. (RxC stays low for 200 ns maxi-
mum, 40 ns minimum).

Collision Circult

A collision on the Ethernet cable is sensed by the
transceiver. It generates a 10 MHz +15% differential
square wave to indicate the presence of the collision.
During the collision period, CSN is asserted asynchro-
nously with RxC. However, if a collision arrives during
inhabit period 4.5 us from the time CSN was deassert-
ed, CSN will not be reasserted.

Loopback

In loopback mode, encoded data is switched to the
PLL instead of Tx+/Tx- signals. The recovered data
and clock are returned to the Ethernet Controller. All
the transmit and receive circuits, including noise rejec-
tion filter, are tested except differential output driver
and differential input receiver circuits which are dis-

8023A

abled during loopback. At the end of frame transmis-
sion, the 8023A also generates a 650 ns long COLL
signal 550 ns after CSN was deasserted. The watch-
dog timer remains enabled in this mode.

mooe1 (11 Vee
moDEz (]2 T+
PBK/WDTD [ 3
Rx+ (J4 ™D

Rx- TxC

(E5NW) csn (s
(CoLry coLL (7
(RxC) Rxc (8
RxD ]9

vss[ J10

Figure 4. Pin Configuration

Pin Description

The MCC™ chip signals are grouped into four
categories:

e Power Supply and Clock
o Controller Interface

o Transceiver Interface

o Miscellaneous

Power Supply
VEC cevreriieriiiiiiiiiiiiicaiireniniinnns +5v
S Ground

X1 and X2 Clock (Inputs): Clock Crystal: 20 MHz
crystal oscillator input. Alternately, pin X1 may be
used as a TTL level input for external timing by float-
ing pin X2,

Controller Interface

RxC (RxC) Recelve Clock (Output): This signal is
the recovered clock from the phase decoder circuit.
It is switched to TxC when no incoming data is
present from which a true receive clock is derived.
10 MHz nominal and TTL compatible. If the MODE2
signal is high, RxC is inverted (RxC) and there is a
1.25 usec discontinuity at the beginning of frame
reception.

RxD Recelve Data (Output) : The RxD signal is the
recovered data from the phase decoder. During idle
periods, the RxD pin is LOW under normal condi-
tions. However, if the MODE?2 signal is HIGH, the
RxD output will be HIGH during idle. TTL compati-
ble. Active HIGH.
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CSN (CSN) Carrler Sense (Output): The Carrier
Sense Signal indicates to the controller that there is
activity on the coaxial cable. It is asserted when
receive data is present or when a collision signal is
present. It is deasserted at the end of frame or at the
end of collision, whichever occurs later. It is asserted
or deasserted synchronously with RxC. TTL compat-
ible. Normally active HIGH, unless MODE?2 is HIGH,
in which case CSN is active LOW.

TxC Transmit Clock (Output): A 10 MHz signal
derived from the internal oscillator. This clock is
always active. TTL gompatible.

TxD Transmit Data (Input): TxD is the serial input
data to be transmitted. The data is clocked into the
MCC by TxC. Active HIGH, TTL compatible.

TxEN (TxEN) Transmit Enable (Input): Transmit
Enable, when asserted, enables data to be sent to
the cable. It is asserted synchronously with TxC.
TxEN goes active with the first bit of transmission.
TTL compatible. If MODE2 is HIGH, TxEN is
inverted.

COLL (COLL) Collision (Output): When asserted,
indicates to the controller the simultaneous trans-
mission of two or more stations on network cable.
TTL compatible. If MODE2 is HIGH, COLL is inverted.

Transcelver Interface

Rx+ and Rx- Differentlal Recelver input Pair (Input):
Differential receiver input pair which brings the
encoded receive data to the 8023A. The last transi-
tion is always positive-going to indicate the end of
the frame.

COLL+ and COLL- Differential Collision Input Pair
(Input): This is a 10 MHz +15% differential signal
from the transceiver indicating collision. The duty
cycle should not be worse than 60%/40% —40%/60%.
The last transition is positive-going.

Tx+ and Tx- Differentlal Transmit Output Pair (Out-
put): Differential transmit pair which sends the en-
coded data to the transceiver. The cable driver buffers
are source follower and require external 243 Q resis-
tors to ground as loading. 200 ns following the last
transition, the differential voltage is slowly reduced to
zero volts in 8 us to limit the back swing of the
coupling transformer to less than 0.1 V.

8023A

Miscellaneous

MODET1 (Input): This pin is used to select between
AC or DC coupling. When it is tied high or left
floating, the output drivers provide differential zero
signal during idle (IEEE 802.3 specification). When
pin 1 is tied low, then the output is differentially high
when idle (Ethernet Rev. 1 specification).

MODE2 (Input): The MODE2 Input signal is normally
active LOW. In this configuration, the 8023A operates
in a mode compatible with the SEEQ 8003. An alter-
nate mode of operation may be achieved by con-
figuring the MODE signal active HIGH, or by allowing
it to float HIGH with its internal pullup. In this configu-
ration, RxC, TxEN, CSN and COLL become active
LOW. In addition, RxD is HIGH during idle, and RxC
has a 1.2 us discontinuity during signal acquisition.

LPBK/WDTD Loopback/Watchdog Timer Disable
(Input):

Normal Operation: For normal operation this pin
should be HIGH or tied to Vgg. In normal operation
the watchdog timer is enabled.

3
[PBR/WDTD—» I
WDTD =
14 =
20 MHz 1 5 ora
xal =3, Rx
X2 <3920
ISOpF 30pF s St1%
= T Rx— 2 ois
= <3920
(- 8 faxc $: ]1%
9
~——|Rx0 e 2 2 bo-a
«———S81csn 22430£1% AUl
7 < w [ CABLE
«—TfcouL e 0 os
® «
. E 2 243 () * 1%
82586 HAN STw
=
-—11 e cou+f2 - 2 cra
7 >
3920
11 s S
——{TEN o |1 ) 9 s
920
1%
——=|mopE2
10 20
-l- 0.01 uF

Figure 5. 8023A Interface




Loopback: When this pin is brought low, the Man-
chester encoded transmit data from TxD and TxC is
routed through the receiver circuit and sent back
onto the RxD and RxC Pins. During loopback, Colli-
sion and Receive data inputs are ignored. The trans-
mit pair is idled. At the end of transmission, the signal
quality error test (SQET) will be simulated by asserting
collision during the inhibit window. During loopback,
the watchdog timer is enabled.

Watchdog Timer Disable: When this pin is between
10 V (Min.) and 16 V (Max.), the on chip 25 ms
Watchdog Timer will be disabled. The watchdog
timer is used to monitor the transmit enable pin. If
TXEN is asserted for longer than 25 ms, then the
watchdog timer (if enabled) will automatically deas-
sert CSN and inhibit any further transmissions on
the Tx+ and Tx- lines. The watchdog timer is auto-
matically reset each time TxEN is deasserted.

Interconnection to a Data Link Controller
Figure 6 shows the interconnections between the
8023A MCC™ and SEEQ’s 8003 EDLC™. There are
three connections for each of the two transmission
channels, transmit and receive, plus the Collision
Signal line (COLL).

Transmitter connections are:

Transmit Data, TxD
Transmit Clock, TxC
Transmit Enable, TXEN
Collision, COLL

Receiver connections are:

Receive Data, RxD
Receive Clock, RxC
Carrier Sense, CSN

TxD TxD

wh——— _dwe

8003
EDLC™

TxEN

coLL

RxC

CSN

TxEN

coLL

RxD

RxC

CSN

8023A
mce™

MODE2

8023A

Compatibility with Other LAN Controllers
SEEQ’s 8023A is compatible with other LAN Con-
trollers, such as the 82586, when Pin 2 (MODEZ2) of
the 8023A is floating or tied to Vce. In this mode of
operation, timing and polarity on the controller inter-
face lines are compatible, with the 82586 specifica-
tion dated March 1984.

Use of Time Domain Reflectometry in the 82586 is
not recommended since the TDR transmission does
not have a valid preamble.

D.C. and A.C. Characteristics and Timing
Crystal Specification

Resonant Frequency (CL. =20pF) ......... 20 MHz
+ 0.005% 0-70°C

and * 0.003% at 25° C

TYPE e i Fundamental Mode
Circuit ....vvieriiiinnnnnns Parallel Resonance
Load Capacitance (Cr) ...oveeiireveennnnenn 20 pF
Shunt Capacitance (Cp) +vvovvveviinne. 7 pF Max.
Equivalent Series Resistance (R1) ....... 25 () Max.
Motional Capacitance (C1) .......... 0.02 pF Max.
DriveLevel ........cccoiiiiiiiiiiiiinnn, 2mwWw

s
R1 C1 Ly

EQUIVALENT CIRCUIT OF CRYSTAL

Figure 6. Interconnection of 8023A and 8003

- seeQ Technology, Incorporated
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Absolute Maximum Ratings*

8023A

*COMMENT: Stresses above those listed under "Absolute

Storage Temberature ...... ‘ver.. —865°Cto150°C Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation
All Input and Output Voltage ..... -0.3 to Voo +0.3
put a P ag cc of the device at these or any other conditions above those
Vee coiiiiiiiiiiiii s vevees. 03107V indicated in the operational sections of this specification is
(Rxt, Tx£, COLLZ) High Voltage not implied. Exposure to absolute maximum rating condi-
Short Circuit Immunity .............. —03to 16V tions for extended periods may affect device reliability.

D.C. Characteristics Ta=0°C -70°C;Vcc =5V = 10%

Symbol | Parameter Min. Max. Units Conditions
e Input Leakage Current (except MODET,
MODE 2 Receive and Collision Pairs) 10 uA 0<VINSVce
MODE1 and MODE2 Input Leakage
Current 200 kA 0<VINSVce
Receive and Collision Pairs (Rx=, .
COLLZ) Input Leakage Current 2 mA ViN=0
lec Vee Current 100 mA
ViL TTL Input Low Voltage -0.3 08 \"
ViH TTL Input High Voltage (except X1) 20 Vee v
- X1 Input High Voltage 35 Vee \"
VoL TTL Output Low Voltage except TxC 04 v loL=2.1 mA
TxC Output Low Voltage 04 v loL=4.2mA
VoH TTL Output High Voltage (except
RxC, TxC, RxD 24 \" loH =-400 uA
RxC, TxC, RxD Output High Voltage 39 ' 1oH = —400 uA
Voor Differential Output Swing +0.55 +12 \' 780 Termination Resistor and
2430 Load Resistors
Vocm Common Mode Output Voltage Vec-25 | Vec - 1 v 780 Termination Resistor and
' 2430 Load Resistors
VBKsV Tx+ Backswing Voltage During Idle 0.1 \ Shunt inductive load = 27 uH
ViDF Input Differential Voltage
(measured differentially) +0.3 1.2 \
Vicm Input Common Mode Voltage 0 Vee \
CiN Input Capacitance 15 pF
Cout Output Capacitance 15 pF

A.C. Test Conditions

Output Loading TTL Output:
Differential Output:

Differential Signal Delay Time Reference Level:

. GeeQ Technology, Incorporated

Differential Output Rise and Fall Time:
RxC, TxC, X1 High and Low Time:

RxD, RxC, TxC, X1 Rise and Fall Time:
TTL Input Voltage (except X1):

X1 Input Voltage:

Differential Input Voltage:

1 TTL gate and 20 pF capacitor

2430 resistor and 10 pF capacitor from each pin to Vsg and
a termination 78() resistor load resistor in parallel with a
27 uH inductor between the two differential output pins

50% point of swing
20% to 80% points

High time measured at 3.0V
Low time measured at 0.6V

Measured between 0.6V and 3.0V points
0.8V to 2.0V with 20 ns rise and fall time
0.8V to 3.5V with 5 ns rise and fall time

At least 300 mV with rise and fall time of 10 ns measured
between -0.2V and +0.2V
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Transmit Timing Ta=0°C -70°C;Vcc =5V +10%

8023A

Symbol Parameter Min. Max. Units
tg TxC Cycle Time 99.99 100.01 ns
t7 TxC High Time 40 ns
tg TxC Low Time 40 ns
tg TxC Rise Time 5 ns
t10 TxC Fall Time 5 ns
e

TxEN Setup Time if Mode2=0

TXEN Setup Time if Mode 2=1 55 ns
ti2

TxD Setup Time if Mode2=0 40 ns

TxD Setup Time if Mode2=1 55 ns
ta Bit Center to Bit Center Time 99.5 100.5 ns
t14 Bit Center to Bit Boundary Time 49.5 50.5 ns
5 Tx+ and Tx- Rise Time 49.5 5 ns
te Tx+ and Tx- Fall Time 5 ns
ty7 Transmit Active Time From The Last

Positive Transition 200 ns
ti7a From Last Positive Transition of the Transmit

Pair to Differential Output Approaches 400 600 ns
ti78 From Last Positive Transition of the

Transmit Pair to Differential Output

Approaches Within 40 mV of 0 V 7000 ns
tig Tx+ and Tx- Output Delay Time 65 ns
tig

TxD Hold Time if Mode2=0 5 ns

TxD Hold Time if Mode2=1 0 ns
tao )

TxEN Hoid Time if Mode2=0 5 ns

TxEN Hold Time if Mode1=1 0 ns

R seeQ Technology, Incorporated
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MODE1=0

o
- f 1

8023A

TxD

[ LAST BIT
g - 0/

MODE1 =1

ti7e
[e——— tiza ——>
t1g ——a s tis —{ ~o
¥
LAST BIT - 0 )
Txt t
+) -
A o R o | O
| tiz ———y
e ti7a
te 7y ——
*)
LAST BIT : 1
Txt 1:
1 0 [} 1 | ] ) 1 G

¢
4 LAST BIT
TxD - 0" Bl BN 01"

0

tg— 3 s tis ",
LAST BIT = 0
T () o
0 1 | 1

[+—t1s
Tx (+) =)
LAST BIT =1
(+)
Tx (-)
| 1 0 1 |

Figure 7. Transmit Timing

1 | 1
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Receive Timing Ta=0°C-70°C;Vcc =5V = 10%
Symbol Parameter Min. Max. Units
21 CSN Asserts Delay Time 240 ns
t22 CSN Deasserts Delay Time (measured

from Last Bit Boundary) 240 ns
t23 CSN Asserts and Deasserts Delay Time 30 70 ns
t23A CSN Deassertion Delay Time 10 35 ns
toa RxD Delay Time 30 70 ns
tos RxC, RxC Rise and Fall Time 5 ns
to7 During Clock Switch RxC Keeps High,

RxC Keeps Low Time 40 200 ns
tos RxC, RxC High and Low Time 40 ns
t29 RxC, RxC Clock Cycle Time (during

data period) 95 105 ns
t30 CSN Inhibit Time (on Transmission 43 46 us

Node only)

31 Rx+/Rx- Rise and Fall Time 10 ns
32 RxC Held Low Duration from First Valid

Negative-Going Transition 1.15 1.35 us
t33 RxC Stops Delay Time from First Valid

Negative-Going Transition 240 ns
ta4 Rx+/Rx- Begin Return to Zero from Last

Positive-Going Transition 160 ns
35 RxD Rise Time 10 ns
t36 RxD Fall Time 10 ns

Rx(+) £ (—) — (] X ‘X )
AX(—) _i ) )( ) .
MODE2 =0 [ty ——> —-l ] ta

CSN i
23— tg
Rac _\4

RxC FOLLOW TxC

MODE2=1 2

|

O
|
2

— U

Figure 9. Receive Timing — Start of Packet

- eeeQ Technology, incorporated
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MODE2=0
tor—»
" -m J_\—/—
t2g
LY ' \_
) ) -) v
(LAST BIT = 0) ’
re-e—
CSN {
B o — B
T
t22 t3o
AxD , yn \ g
(4
MODE2=1
t2g
e - J-_-\_
i 134 27
= &
Rx(—) (+) (—)
(LASTBIT=1) — 1
> t23a
—
CSN B \
| |
1 | “1
—{ §

r

Figure 10. Receive Timing — End of Packet
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8023A
Collision Timing Ta=0°C-70°C;Vcc =5V £ 10%
Symbol Parameter Min. Max. Units
t51 COLL+/COLL— Cycle Time 86 118 ns
ts52 COLL+/COLL— Rise and Fail Time 10 ns
153 COLL+/COLL— High and Low Time 35 70 ns
t54 COLL+/COLL— Width (measured at-0.3V) 26 ns
155 COLL Asserts Delay Time 100 ns
ts6 COLL Deasserts Delay Time 180 ns
t57 CSN Asserts Delay Time 200 ns
ts8 CSN Deasserts Delay Time 280 ns
Notes:
. COLL+ and COLL- asserts and deasserts COLL, asynchronously, and asserts and deasserts CSN synchronously with RxC.

1
2. If COLL+ and COLL- arrives within 4.5us from the time CSN was deasserted; CSN will not be reasserted (on transmission node only).
3. When COLL+ and COLL- terminates, CSN will not be deasserted if Rx+ and Rx- are still active.

4. When the node finishes transmitting and CSN is deasserted, it cannot be asserted again for 4.5 us.

5. If MODE2 = 1, then COLL and CSN are inverted.

MODE2=0

&
COLL(+ ( =) 4 =)
COLL(—) - +)

154

CcoLL }

' f—tss—]

/. A

f——1s55

Figure 11. Collision Timing

- SeeQ Technology, Incorporated
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20 MHz TTL Clock Input Timing Ta=0°C -70°C;Vcc =5V + 10%"

8023A

— eeeQ Technology, Incorporated

TxC

Symbol Parameter Min. Max. Units
t1 X1 Cycle Time 49.995 50.005 ns
t2 X1 High Time 15 ns
13 X1 Low Time 15 ns
17 X1 Rise Time 5 ns
ts X1 Fall Time 5 ns
ts X1 to TxC Delay Time 10 30. ns
<12 ta—pm ts
)
X1 S
Ho————> o — 13—

Va

te—»

[

C

Figure 12. 20 MHz TTL Clock Timing
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Loopback Timing Ta=0°C -70°C;Vcc =5V +10%

Symbol Parameter Min. Max, Units
ts1 LPBK Setup Time 500 ns
te2 LPBK Hold Time 5 us
t63 In Collision Simulation, COLL Signal
Delay Time 475 625 ns
tea COLL Duration Time 600 750 ns
Note:

1. PLL needs 12-bit cell times to acquire lock, RxD is invalid during this period. RxC is low for 1.2 us (max). RxD = 0 if MODE2 = 0.
RxD=1if MODE2=1.

MODE2=0
LPBK/WDTD =
‘c
R <
o
o
oc
™C 4
=

to1— te2
[ i '

' ' g '

' uqn | i ' qn I “g» l “g? I wgn »
{
U (LAsTBIT)
TxD
coLL \

{6
—{ ¢
(NOTE 1)

RxC
bt
t63 o4
CsN f
[ L I L [
e J \_/ LJ_\—
{

Figure 13. Loopback Timing

- GeeQ Technology, Incorporated
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&
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TXEN
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Lt

T (LasTBIT)
TxD
153 tgq
coLt _t J
’ (NOTE 1)
RxC
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-

LI BT VU BT | |
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e} \ '—-——-
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Figure 14. Loopback Timing — (Cont.)
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Ordering and Package Information

PART NUMBER
D 0O 8023

PRODUCT: MCC™ MANCHESTER CODE CONVERTER
TEMPERATURE RANGE: 0°C TO 70°C

PACKAGE: CERDIP

20-LEAD HERMETIC CERDIP
PACKAGE TYPE D

0,085 (24511) o
0.935 (23.749)

i 0.900 REF.
(22.86)

|
: r!J/
i T e e B e B s O e B g o B

0.300 (7.620)

L )
.

PIN1

=z
<L
-
o
o
Q
=

°
3
8
bR
Py
)

LJL._II_.JEJI__II._.II._JI_lL._IrTl

_

t
0.220 MAX. r 8.175 (;.4;3
(5.588) 140 (3.
SEATING i g_:g% 0:305)
PLANE 0.125 MIN. 0°/10°
0.060 (1.524) (3.175) REF.
0020 fﬁ‘,so_s; 1 —r I
0.020 (0.508)_’, 0.110 (2.794) "t I 0.380 (9.6852)
0.016 (0.308) 0.090 (2.286) 0.3%0 (8.:382)
0.065 (1.651
0.045 (1.143)
NOTES:

1. FOR SOLDER DIPPED LEADS, THICKNESS WILL BE 0.020 MAX.
2. ALL DIMENSIONS ARE IN INCHES AND (MILLIMETERS).

- SeeQ Technology, Incorporated
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M2764/M27128
SeeQ E2764/E27128

(Extended Temperature Range)

2764/27128 UV EPROM

June 1985

Features Description
W Military and Extended Temperature Range SEEQ’s 2764 (5133) and 27128 (5143) are ultraviolet
— -55 to +125°C: M2764 (5133) light erasable EPROMs which are organized 8K x 8
— -55 to +125°C: M27128 (5143) and 16K x 8 respectively. They are specified over
— -40 to +85°C: E2764/E27128 the military and extended temperature range and
W 250 ns Access Times at -55 to 125°C have access times as fast as 250 ns over the Vgc

tolerance range. The access time is achieved without
sacrificing power since the maximum active and
standby currents are 120 mA and 40 mA respectively.

u Programmed Using Intelligent Algorithm
u 21 V Vpp Programming Voltage

u ‘éEDﬁC A’t’,P’ oved Bytewide Pin The 250 ns allows higher system efficiency by elimi-
onliguration . nating the need for wait states in today’s 8- of 16-bit
— 2764 8K x 8 Organization microcomputers.
— 27128 16K x 8 Organization
® Low Power Dissipation Pi . ;
; n Configurations
— 120 mA Active Current g
— 40 mA Standby Current DUAL-IN-LINE
2pe . TOP VIEW
m Silicon Signature™
2764/27128 LEADLESS CHIP CARRIER
BOTTOM VIEW
vppc 1 28 [ D vee
__ = INDEX
Al 2 27 PG"[/:] 2@ 8y £ $ 5 CORNER
A;[] 3 26 [ hA
_ d N EEEREER
Block Diagram A 4 25 [ DA 5
As[] s 2] QA 2o Y]
A,E 6 23 QA Anr 357)
a7 22 JOE NC Y5
A ROW MEMORY Al e 2 pdfn o ]
R DECODERS ARRAY adoe 20 [ CE Avo )
Agc 10 19 [0, CE )73]
°°C 1 18 [ )og 1108 Y22]
O.C 12 17 Og 107 )27] /0,
o, s e Lo B E
ESS GND 14 15 (o] © © = o o~
e 0 o couum Agon S A 658888
PIN 26 IS A NO CONNECT PIN 30 IS A NO CONNECT
GE—— ON THE DIP 2764 ON THE LCC 2764
— %)
_CE— Cfgé’.‘é“ BUFFERS
PGM—————»
Mode Selection 00-0;
PINS| CE | OE | PGM | Vpp | Vee Outputs
MODE (20) | (22) (27) (1) (28) | (11-13, 15-19)
Read Vi ViL ViH Vce | Ve Dout Pin Names
Output Disable X ViH_| Vcc Vec | Vee High Z Ac ADDRESSES — COLUMN (LSB)
Standby Vin X X Vee | Vee High Z AR ADDRESSES — ROW
Program ViL ViH ViL Vep Vce DiN CE CHIP ENABLE
Program Verify ViL ViL Vi Vep Vce Dout OF OUTPUT ENABLE
Program Inhibit ViH X X vep | Vcc High Z Oo- O7 | OUTPUTS
Silicon Signatured™*} Vi | Vi ViH Vee | Voo gncoded PGM PROGRAM
ata
X can be either V). or Vi
“For Silicon Signature™: Ay-A; is toggled. Ay = V| 7, Ag = 12V, all other addresses are at any TTL level.
Silicon Signature™ is a registered trademark of SEEQ Technology.

— SeeQ Technology, Incorporated
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Initially, and after erasure, all bits are in the “1”
‘state. Data is programmed by applying 21 V to Vpp
anda TTL “0” to pin 27 (program pin). They may be
programmed with an intelligent algorithm that is
now available on commercial programmers. This
faster time improves manufacturing throughput time
by hours over conventional 50 ms algorithms. Com-
mercial programmers (e.g. Data I/O, Pro-log, Digelec,
Kontron, and Stag) have implemented this fast
algorithm for SEEQ’s EPROMSs. If desired, the 27128

M2764/M27128
E2764/E27128

and the 2764 may be programmed using the conven-
tional 50 ms programming specification of older
generation EPROMs.

Incorporated on the 27128 and 2764 is Silicon Signa-
ture™. Silicon Signature contains encoded data
which identifies SEEQ as the EPROM manufacturer,
and programming information. This data is encoded
in ROM to prevent erasure by ultraviolet light.

Absolute Maximum Ratings

Temperature

Storage ......viiiiiiiiieenns -65° C to +150° C

UnderBias .................. -65°C to +135°C
All Inputs or Outputs with

Respectto Ground ................ +7V to -0.6V
Vpp During Programming with

Respectto Ground ............... +22V to -0.6V
Voltage on Ag with

Respect to Ground ............. +15.5V to -0.6V

Recommended Operating Conditions

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation
of the device at these or any other conditions above those
indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability.

M2764-25, M2764-45 E2764-35
M27128-25, M27128-35 E27128-25
Vee Supply Voltagel ! 5V +10% 5V +10%
Temperature Range (Read Mode) -55to 125°C —40to0 85°C
Vpp During Programming 21+05V 21+05V
DC Operating Characteristics During Read or Programming
Limits
Symbol Parameter Min. Max. Unit Test Conditions
N Input Leakage Current 10 HA VIN = Vcc Max.
lo Output Leakage Current 10 MA Vout = Vce Max.
Ippl2| Vpp Current Read Mode 5 mA Vep = Voc Max.
Prog. Mode (25°C) 30 mA Vpp =215V
Iccil2l Vce Standby Current 40 mA CE=VH
Icc2!2) Vce Active Current 120 mA CE=0E=ViL
Vi Input Low Voltage -0.1 08 v
VIH Input High Voltage 2 Vee + 1 v
VoL Output Low Voltage 0.45 v loL=2.1mA
VoH Output High Voltage 24 Vv loH = -400 pA
NOTES:

1. Vg must be applied simultaneously or before Vpp and rémoved simultaneously or after Vpp.
2. Vpp may be connected directly to Vcc except during programming. The supply current is the sum of icc and Ipp.




M2764/M27128
E2764/E27128

AC Operating Characteristics During Read

Limits (nsec)
2764-25
27128-25 27128-35 2764-45 Test
Symbol Parameter Min. Max. Min. Max. Min. Max. Conditions
tacc Address to Data Valid 250 350 450 | CE = OE = ViL
tce Chip Enable to Data Valid 250 350 450 | OE = V)L
togl?l Output Enable to Data Valid 100 125 150 | CE = ViL
tpF(1.3] Output Enable to Output Float 0 85 0 105 0 130 | CE = ViL
ton Output Hold from Chip Enable, 0 0 0 CE = OE = ViL
Addresses, or Output Enable,
whichever occurred first
. 1 . ays
Capacitance!'! Equivalent A.C. Test Conditions!4]
Symbol | Parameter Typ. | Max. | Unit | Conditions Output .Load: 17TL 9?’9 and C =100 pF
Cm Inout Canaciance 2 P F Vin = OV Input Rise and Fall Times: < 20ns
P P - P Input Pulse Levels: 0.45V to 2.4V
Cour__ | Output Capacitance 8 12 | pF | Vour =0V Timing Measurement Reference Level:

Inputs 1V and 2V
Outputs 0.8V and 2V

A.C. Waveforms

————
ADDRESSES X ADI\)I:EISDSES
————
cE /

>
<
=
=
=

R ——
/
R ——
togl?) le— tl13]
ok z JTTT7 == 2NN o 2
OUTPUT VALID OUTPUT
AN e L/
tacc toy —— [~
NOTES: o

1. THIS PARAMETER 1S SAMPLED AND IS NOT 100% TESTED. L

2. OE MAY BE DELAYED TO facc — log AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON tacc.

3. tpr IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST.

4. THESE ARE EQUIVALENT TEST CONDITIONS AND ACTUAL TEST CONDITIONS ARE DEPENDENT ON THE TESTER.

- GeeQ Technology, Incorporated



Erasure Characteristics

The 2764 and 27128 are erased using ultraviolet light
which has a wavelenght of 2537 Angstroms. The
integrated dose, i.e., intensity x exposure time, for
erasure is a minimum of 15 watt-second/cm?. The
EPROM should be placed within one inch of the
lamp tube during erasure. Table 1 shows the typical
EPROM erasure time for various light intensities.

Table 1. Typical EPROM Erasure Time

M2764/M27128
E2764/E27128

Silicon Signature is activated by raising address Ag to
12V £ 0.5V, bringing chip enable and output enable to
a TTL low, having V¢ at 5V, and having all addresses
except Ag at a TTL low. The Silicon Signature data is
then accessed by toggling (using TTL) the column
address Ag. There are 2 bytes of data available. The
data (see Table 2) appears on outputs Og to Og, with
O7 used as an odd parity bit. This mode is functional
at 25 = 5°C ambient temperature.

Table 2. Silicon Signature Bytes

programmed read only memory (ROM) cells which is
outside of the normal memory cell array. The ROM
contains the EPROM’s Silicon Signature. Silicon Sig-
nature contains data which identifies SEEQ as the
manufacturer and gives the product code. Silicon Sig-
nature allows programmers to match the programming
specification against the product which is to be pro-
grammed. If there is verification, then the programmer
proceeds programming.

L eeeQ Technology, Incorporated

Light intensity Erasure Time
(Micro-Watts/cm2) (Minutes) Ao | Data (Hex)
15,000 20 SEEQ Code (Byte 0) ViL 94
10,000 30 Product Code (Byte 1)
5,000 55 2764 ViH 40
27128 Viy ci
Silicon Signature™
Incorporated in SEEQ’s EPROMs is a row of mask Programming

The EPROMSs may be programmed using an intelligent
algorithm or with a conventional 50 msec program-
ming pulse. The intelligent algorithm improves the
total programming time by approximately 10 times
over the conventional 50 msec algorithm.

The intelligent algorithm requires Vg = 6V and Vpp =
21V during byte programming. The initial program
pulse width is one millisecond, followed by a se-
quence of one millisecond pulses. A byte is verified
after each pulse. A single program pulse, with a time
duration equal to 4 times the number of one milli-
second pulses applied, is additional given to the
address after it is verified as being correctly pro-
grammed. A maximum of 15 one millisecond pulses
per byte should be applied to each address. When
the intelligent algorithm cycle has been completed,
all bytes must be read at Voo = Vpp = 5V.

4-4 -




M2764/M27128
Intelligent Algorithm Flowchart E2764/E27128

START

ADDR = FIRST LOCATION

Ve =6.0V
Vep =210V

PROGRAM ONE 1 msec PULSE

VERIFY PASS

BYTE

DEVICE
FAILED

>
I
=
=
b=

PROGRAM ONE PULSE
OF 4X msec DURATION

LAST ADDR ?

INCREMENT ADDR

YES
Vee = Vpp=5.0V

DEVICE
FAILED

ALL BYTES
JO ORIGINAL
DATA

DEVICE PASSED

— SeeQ Technology, incorporated
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M2764/M27128
E2764/E27128

Intelligent Algorithm
PROGRAM VERIFY
Vi — s
ADDRESSES ADDRESS STABLE
Vie -
tas, 1aH
(2). g © | [
Vin y——??——j
\ HIGH Z /
DATA DATA IN STABLE l \ DATA OUT VALID S EE——
Vi N S als
1 1 toFp
. o — o
MAX.
Vep v —ir
Vep /
Vee
tvps,
@
“Vee+1 12
Vee /
Vee
. tves,
@)
le -—_ﬂ
Vi it
—
Vin e
o \
Vi
o tew — le—toes e (‘;f?fs)__,
(0.95 ms) @) MAX.
Vin F—_
. /
v — s
torw
(3.8 ms)
. S
NOTES:

1. ALL TIMES SHOWN IN( ) ARE MINIMUM AND IN . SEC UNLESS OTHERWISE SPECIFIED.
2. THE INPUT TIMING REFERENCE LEVEL IS .8V FOR A Vi AND 2V FOR A V|1,
3.10e AND tpgp ARE CHARACTERISTICS OF THE DEVICE BUT MUST BE ACCOMMODATED BY THE PROGRAMMER.

. eeeQ Technology, Incorporated
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Intelligent Algorithm

AC Programming Characteristics Ta =25+ 5°C, Vcclt,

M2764/M27128
E2764/E27128

4/=6.0V £0.25V, Vpp = 21V £ 0.5V

1. Vcc must be applied simultaneously or before Vpp and
removed simultaneously or after Vpp.
2. Initial Program Pulse width tolerance is 1 msec + 5%.

Limits
Symbol Parameter Min. Typ. Max. Unit
tAs Address Setup Time 2 us
toES OE Setup Time 2 us
tps Data Setup Time 2 us
tAH Address Hold Time o] us
toH Data Hold Time 2 us
torFp Output Enable to Output Float Delay 0 130 ns
tvps Vpp Setup Time 2 us
tvcs Vce Setup Time 2 us
tpw!2l PGM Initial Program Pulse Width 0.95 1.0 1.05 ms
topw!3. 4] PGM Overprogram Pulse Width 38 63 ms
tces CE Setu p Time 2 us
toe Data Valid from OE 150 ns
NOTES:

3. The length of the overprogram pulse will vary from 3.8 msec
to 63 msec as a function of the iteration counter value X.

4. For 50 ms programming, Vcc = 5 V £ 5%, Tpw = 50 ms
+ 10%, and Topw is not applicable.

Ordering Information

PART NUMBERS
DE 27128-25
DM 27128 -25MP

PROCESS:
BLANK = SEEQ STANDARD
MP = MILITARY PROCESSED

ACCESS TIME (ns)

25 = 250 ns @ 10% Ve

|

It

l_— PRODUCT:

r T ATURE RANGE:

M=-5510125°C

E=-401085°C
PACKAGE:

D = CERDIP

Packaging Information
28-LEAD HERMETIC CERDIP

(CONTACT SEEQ REGARDING CHIP CARRIERS)

infalislisEninintaSslalelalsFal

PACKAGE TYPE D

(For the 32 pin leadless chip

Country Assembly Code (Backside Marking)
K = KOREA, P = PHILIPPINES, T = TAIWAN

0557 = 0.042
e:rri:r, see M27C256 data (14.15 + 1.07)
sheet) DIMENSIONS IN INCHES AND (MILLIMETERS).
5 0 O 5 80 R Oy e
1.460 + 0.025 | 0160002 | 0610001
(37.08 + 0.64) | (4.06+050) [* (1549 025 |
|
s —
0.010 * 0.002
(0.25 + 0.05)
~ e~ orzsmn.
0.04 : 0.02 0.100 * 0. 010 0.018 * 0.002 (3.47) 0.660 * 0.04
(1.01 ~ 0.50) (2.54 + 0.25) {0.45 £ 0.05) (16.76 = 1.01)
0.055 * 0.008
(1.39 £ 0.20)

o SeeQ Technology, Incorporated




LEADLESS CHIP CARRIER 32 PIN PACKAGE

CORNER

TOP VIEW

0.460 - M“T .
0.420 - 0.400 0.066 - 0.054
INDEX ., 0.110 - 0093—1

0 560 - 0.540
0 520 - 0.500 J

M2764/M27128
E2764/E27128

BOTTOM VIEW

— eeeQ Technology, Incorporated
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. seeQ Technology, Incorporated

M27256
256K EPROM

August 1985

Features
W 256K (32K x 8) EPROM
m 250 ns Access Times
— 5 V£10% Ve
— -55 to 125°C Temperature Range
u Low Power
— 40 mA Max. V¢ Standby Current
— 70 mA Max. Active Current

B Programmed Using Intelligent Algorithm
—12.5 Vpp

® JEDEC Approved Bytewlide Pin
Configuration

m Silicon Signature™

Block Diagram

ROW MEMORY
As-Ata DECODERS ARRAY

J

COLUMN COLUMN ADDRESS
Ao-As DECODER GATING
o
&E. CONTROI /0
ce > Lot BUFFERS
0p-07
Mode Selection
PINS [ CE OE Vep | Vee Outputs
MODE (20) (22) (1) (28) | (11-13,15-19)
Read ViL ViL Vce Vee Dout
Output Disable X ViH Vce Vee High Z
Standby VIH X Vce Vce High Z
Program ViL VIH Vep Vee DiN
Program Verify ViH ViL Vep Vce Dout
.{ Program Inhibit ViH ViH Vep Vee High Z
Silicon Signature™* VL ViL Vce Veo Encoded
Data

X can be either V| or Vin.

Description

SEEQ's M27256 is a 256K ultraviolet light erasable
EPROM. It is organized as 32K x 8, operates from a
single 5V supply, and programs using a 12.5V intel-
ligent algorithm. The M27256’s operating conditions
are specified over the -55 to +125°C temperature
range and at 5V +10% V¢c. The active power is only
70 mA, approximately 30% lower than other com-
patible NMOS 256K EPROMS. Consequently, mem-
ory system sizes can be increased with a substantial
savings in power, resulting in lower power supply
cost and inherently greater system reliability. For
systems requiring even lower power, a 40 mA active
power CMOS 27C256 is available from SEEQ. The
M27256's low active power is achieved without sacri-
ficing performance. The access time is 250 nsec,
making it compatible with most of today’s micro-~
computers. Wait states can be eliminated with the
250 nsec access times.

Pin Configuration

prc
AwC

Asc
A,C

L I

Pin Names

Ag - As | ADDRESSES — COLUMN (LSB)
| Ag- A4 | ADDRESSES — ROW

CE CHIP ENABLE

OE OUTPUT ENABLE

Op - 07 | OUTPUTS

*For Silicon Signatare™ Ag is toggled, Ag = 12 V, and all other addresses are at a TTL low.

Silicon Signature™ is a registered trademark of SEEQ Technology.




—— eeeQ Technology, Incorporated

An “intelligent algorithm is used to program the
M27256. Data is programmed using a 12.5V Vpp and
an initial chip enable pulse of 1 msec. Initially, and
after erasure, all bits are in the “1” state. The typical
programming time is under five minutes. Program-
ming is available from commercial programmers
and is compatible with other 256K EPROM intelli-
gent algorithms.

M27256

Incorporated on the M27256 is Silicon Signature™.
Silicon Signature contains encoded data which iden-
tifies SEEQ as the EPROM manufacturer and gives
the product code. The product code is used by a
programmer to identify the programming algorithm
for the M27256.

Absolute Maximum Ratings

Temperature

Storage ........ooiiiion.. —65°C to +150°C

UnderBias ........ccccvuuuun -65°C to +135°C
All Inputs or Outputs with

Respect to Ground .............. +7 Vto0.6V
Vpp with Respect to Ground ...... +14.0Vto 0.6V
Voltage on Ag with }

Respectto Ground ............ +14.0Vto-06V

Recommended Operating Conditions

M272256-25,
M272256-30
Vec Supply Voltage!! 5V +10%
Temperature Range (Read Mode) -55 to 125°C
Vpp During Read!? Vee
Vpp During Programmingm 125 £03 V

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

DC Operating Characteristics During Read or Programming

Limits

Symbol Parameter Min. Max. Unit Test Conditions
N Input Leakage Current 10 uA VIN = Vg Max.
lo Output Leakage Current 10 BA Vour = Vcc Max.
lpp Vpp Current Read Mode 100 pA Vpp = V¢e Max.

Prog. Mode 30 mA Vep=125V
lcct Vcc Standby Current 40 mA CE=ViH
lece Ve Active Current 70 mA CE=0E=Vy,
ViL Input Low Voltage ~0.1 08 v
ViH Input High Voltage 2 Vec+1 \"
VoL Output Low Voltage 0.45 \ loL=2.1 mA
VOH Output High Voltage 24 v loH =—-400 pA

NOTES:

1. Vcc must be applied simultaneously or before Vep and removed simultaneously or after Vep.
2. Vpp cannot be left floating and should be connected to Vcc during read.
3. 0.1 uF ceramic capacitor on Vpp is required during programming only to suppress voltage transients.

4-10




M27256

AC Operating Characteristics During Read

Limits (nsec)
M27256-25 M27256-30
Test
Symbol Parameter Min. | Max. | Min. | Max. Conditions
Tacc Address to Data Valid 250 300 CE=0E=V,
Tee Chip Enable to Data Valid 250 300 OE = V.
Toel2] Output Enable to Data Valid 100 120 CE =V,
Torl3] Output Enable or Chip Enable to Output Float 0 60 0 105 CE=V,
Ton Output Hold from Chip Enable, Addresses, 0 0 CE=0E =V,
or Output Enable whichever occurred first

Capacitancelll Equivalent A.C. Test Conditions[4]
Symbol | Parameter Typ. | Max. | Unit | Conditions Output _Load.' 17TL g'ate and C, =100 pF
c Ut G m 2 5 = V= oV Input Rise and Fall Times: < 20ns

IN npu? “apacitance P N~ Input Pulse Levels: 0.45V to 2.4V

Cout Output Capacitance 8 12 pF | Voutr =0V

Timing Measurement Reference Level:
Inputs 1V and 2V
Outputs 0.8V and 2V

A.C. Waveforms

_————
ADDRESSES X ADDRESSES K
- —

—— o —

CE

OF /
————

.Ull,‘ hu;l’ll
T \
outruT ulad <<§ < g VALID OUTPUT %E__——."'GH z
tacc oy —— le——

NOTES:

1. THIS PARAMETER IS SAMPLED AND IS NOT 100% TESTED.

2. OE MAY BE DELAYED TO tacc — 1og AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON tacc.

3. tpF IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST.

4. THESE ARE EQUIVALENT TEST CONDITIONS AND ACTUAL TEST CONDITIONS ARE DEPENDENT ON THE TESTER.

— geeQ Technology, Incorporated
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Erasure Characteristics

The 27256 is erased using ultraviolet light which
has a wavelength of 2537 Angstroms. The integrated
dose, i.e., intensity x exposure time, for erasure is a
minimum of 15 watt-second/cm2. The EPROM
should be placed within one inch of the lamp tube
during erasure. Table 1 shows the typical EPROM
erasure time for various light intensities.

Table 1. Typical EPROM Erasure Time

M27256

12V £ 0.5V, bringing chip enable and output enable
to a TTL low, having Vcc at 5V, and having all
addresses except Ag at a TTL low. The Silicon Signa-
ture data is then accessed by toggling Ao. The data
appears on outputs Og to Og, with Oz used as an odd
parity bit (see Table 2).

Table 2. Silicon Signature Bytes

Incorporated in SEEQ’s EPROMs is a row of mask
programmed read only memory (ROM) cells which is
outside of the normal memory cell array. The ROM
contains the EPROM’s Silicon Signature. Silicon Sig-
nature contains data which identifies SEEQ as the
manufacturer and gives the product code. This data
allows programmers to match the programming
specification against the product which is to be pro-
grammed. If there is verification, then the pro-
grammer proceeds to program.

Silicon Signature is activated by raising address Ag to

Light Intensity Erasure Time Ao Data (Hex)
(Micro-Watts/cm2) (Minutes) SEEQ Code (Byte 0) Vi 94
15,000 20 Product Code (Byte 1) VIH Cc2
10,000 30 P ’
5,000 55 rogramming
The 27256 is programmed using the industry standard
Silicon Signature™ intelligent algorithm.

The intelligent algorithm requires Voo =6 V and Vpp =
12.5 V during byte programming. The initial program
pulse width is 1.0 millisecond, followed by a sequence
of 1.0 millisecond pulses. A byte is verified after each
pulse. A single program pulse, with a time duration
equal to 3 times the number of 1.0 millisecond pulses
applied, is additionally given to the address after it is
verified as being correctly programmed. A minimum of
one to a maximum of 25 1-ms pulses, plus one 3X
overpulse, may be applied to each byte. When the
intelligent algorithm cycle has been completed, all
bytes must be read at Voo = Vpp=5 V.

I GeeQ Technology, Incorporated
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M27256

Intelligent Algorithm Flowchart

START

ADDR = FIRST LOCATION

Vee=60V
Vpp=125V

PROGRAM ONE 1 msec PULSE
INCREMENT X

X =257 Yes

NO
VERIFY ONE
BYTE

PASS
PROGRAM ONE PULSE
OF 3X msec DURATION

LAST ADDR?

DEVICE
FAILED

PASS

INCREMENT ADDR

YES
Vec=Vep=50V

DEVICE
FAILED

DEVICE PASSED

I GeeQ Technology, Incorporated
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M27256

NOTES:

—— GeeQ Technology, Incorporated

1.ALL TIMES SHOWN IN () ARE MINIMUM AND IN »SEC UNLESS OTHERWISE SPECIFIED.
2. THE INPUT TIMING REFERENCE LEVEL iS 0.8 VFOR A V) AND 2V FOR A Vily.
3.10€ AND tpFp ARE CHARACTERISTICS OF THE DEVICE BUT MUST BE ACCOMMODATED BY THE PROGRAMMER

4.0.1 xF CERAMIC CAPACITOR ON Vpp IS REQUIRED DURING PROGRAMMING ONLY TO SUPPRESS VOLTAGE TRANSIENTS.

Intelligent Algorithm
| PROGRAM VERIFY
Vin s
ADDRESSES ADDRESS STABLE
Vie o
tas tan
(2) - - o v
Vin - ‘ Hicki 2 T
IGH
DATA ———-< DATA IN STABLE > ;{ DATA OUT VALID >————
Vi \ N s
4 1 toFp
e —— (';, — — (3',‘ le—— ——J (3‘ S() -
Vep v s
Vep
(@)
Vee
le__tVPS
@
Vee - 1 r —}?
Vee /
Vee
g
Vi - 18
PGM
Vi .
1
tpw toes
(1.0 ms) 2) (,a;i’
Vin —
Vie s
torw
{3 ms)
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M27256
Intelligent Algorithm
AC Programming Characteristics Ta =25+ 5°C, Vccl1] = 6.0V +0.25V, Vpp = 12.5V
Limits
Symbol Parameter Min. Typ. Max. Unit
tas Address Setup Time 2 us
toes OE Setup Time 2 us
tps Data Setup Time 2 us
tAH Address Hold Time 0 us
toH Data Hold Time 2 us
torp OQutput Enable to Output Float Delay 0 130 ns
tvps Vpp Setup Time 2 us
tves Vce Setup Time 2 us
tpw CE Initial Program Pulse Width 0.95 1.0 105 ms
topw!2| CE Overprogram Pulse Width 2.85 78.75 ms
toE Data Valid from OE 150 ns
*AC Conditions of Test NOTES: o
1. Vcc must be applied simuitaneously or before Vpp and
Input Rise and Fall Times (10% to 90%) ...... 20 ns 2. [l?hn;OIVee:gTngfnatI::Og\ila{p?rroagfrt::nv:Z.Ise will vary from 2.85
Input Puise Levels ................. 045Vto24V msec to 78.75 msec as a function of the iteration counter
Input Timing Reference Level ....... 08Vand20V value X.
Output Timing Reference Level ..... 08Vand20V
Ordering and Package Information
f
DM 27256 — XX 28-LEAD HERMETIC CERDIP
T T speep PACKAGE TYPE D

Ll .0 1 O3 0 0O 1 0]

L GENERIC PART NUMBER

OPERATING TEMPERATURE RANGE
M = -55 TO 125°C

PACKAGE TYPE < 0.557 +0.042
D = CERDIP {1415 1.07)

P

US5[0 5 s W W 0 [ 6 o U0 [ I 0 50 6 Ny s O

1.460 + 0.025 0.160 +0.02 0.610 £ 0.01
(37.08 + 0.64) (4.06 £ 0.50) (15.49 £ 0.25)

_t T I

!
0.010 * 0.002
(0.25 + 0.05)

b

I = <~ il orzsmin
004 + 0.02 0.100 + 0.010 001810002  (3.17) 0.660 £ 0,04 |
(1.01 = 0.50) (2.54 + 0.25) (0.45 * 0.05) (16.76 + 1201)*’|
0.055 + 0.008
(1.39 = 0.20)

DIMENSIONS IN INCHES AND (MILLIMETERS).

I eeeQ Technology, Incorporated

4-15



M27C256
eeeQ 256K CMOS EPROM

August 1985

Features Description

SEEQ’s M27C256 is the industry’s first 256K CMOS

W 256K (32K x 8) CMOS EPROM EPROM. It has a 32K x 8 organization and has very

B Ulfra Low Power low power dissipation. Its 40 mA active current is

— 100 uA Max. V¢ Standby Current less than one half the active power of n-channel

— 40 mA Max. Active Current EPROMs. In addition the 100uA V¢ standby current

is orders of magnitude lower than those same

B Programmed Using Inteliigent Algorithm EPROMSs. Consequently, system memory sizes can

— 12.5 Vpp be substantially increased at a very small increase

in power. Low active and standby power is impor-

B 250 ns Access Times tant in applications which require portability, low

— 5VX10% Vee cooling cost, high memory bit density, and long
— -55 to 125° C Temperature Range term reliability.

The M27C256 is specified over the -55 to +125°C

u 'éi?lflgufzsﬁ: ved Bytewide Pin temperature range and at 5 V+10% Ve The access

time is specified at 250 ns, making the M27C256

W Silicon Signature™ compatible with most of today’s microcomputers. Its

inputs and outputs are completely TTL compatible.

Block Diagram Pin Configuration
DUAL IN-LINE LEADLESS CHIP CARRIER
BOTTOM VIEW
vee(d 1 - 28 [ }vec
N-A14(:> oegggzns M:R:%V A"E 2 27 { DA
a3 26 [ Ay,
Asc ) 25 [ DA,
Asc 5 24 Ay
i A4C 6 23 Ay
A;C 7 22 [ }GE
Ag-As COLUMN COLUMN ADDRESS
':fl> DECODER GATING Az 8 21 [ QA
A‘|; 9 20 [)CE
oF Aoc 10 19 {}o,
e B e D
5
Oqc 13 16 04
GNDE 14 15 | RO,
Qo -O7
Mode Selection
PINS | CE OE Vep | Vec Outputs
MODE : 200 | (22) 1) (28) | (11-13,15-19) Pin Names
Read ViL ViL Vcc Vce Oout
Output Disable X ViH Veg | Veo High Z Ao-As | ADDRESSES — COLUMN (LSB)
Standby Vin X | Voo | Voo | Highz [Ag- Aa| ADDRESSES — ROW
Program ViL ViH Vpp Vce DIN E CHIP ENABLE
Program Verify Vi ViL Vpp Vce Dout OF OUTPUT ENABLE
Program Inhibit ViH ViH Vpp Vce High Z 05-07 | OUTPUTS
Silicon Signature™* ViL ViL Vce Vee Encoded
Data NC NO CONNECT

X can be either Vi or V.
*For Silicon Signature™ Ag is toggled, A9 = 12 V, and all other addresses are ata TTL low.
Silicon Signature™ is a registered trademark of SEEQ Technoiogy.

. eeeQ Technology, Incorporated
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Initially, and after erasure, all bits are in the “1” state.
An intelligent algorithm is used to program the
M27C256 typically in four minutes. Data is pro-
grammed using a 125 V Vpp and an initial chip
enable pulse of 1.0 ms.

M27C256

Incorporated on the M27C256 is Silicon Signature™.
Silicon Signature contains encoded data which iden-
tifies SEEQ as the EPROM manufacturer and gives
the product code. This data is encoded in ROM to
prevent erasure by ultraviolet light.

Absolute Maximum Ratings

Temperature

Storage ..., ~65°C to +150°C

UnderBias ...........c.c.... -65°C to +135°C
All Inputs or Outputs with

Respectto Gro- 'd .............. +7 Vto—-0.6V
Vpp with Respect to Ground ...... +14.0Vto 0.6 V
Voltage on Ag with

Respect to Ground ............ +14.0 Vto 0.6 V

Recommended Operating Conditions

M27C256-25,
M27C256-30
Vee Supply Voitage!') 5V +10%
Temperature Range (Read Mode) -55 to 125°C
Vpp During Read!? Vee
Vpp During Programmingm 12.5 £0.3 Vv

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

DC Operating Characteristics During Read or Programming

Limits

Symbol Parameter ‘Min. Max. Unit Test Conditions
N Input Leakage Current 10 pA ViN = Vce Max.
lo Output Leakage Current 10 uA Vout = Vcc Max.
IpP Vep Current Read Mode 100 uA Vpp = Vcc Max.

Prog. Mode 30 mA Vpp =125V
Icct Vce Standby Current 100 uA CE=Vgec-1V
Iccz Vce Standby Current 1 mA CE=VmH
loca Vec Active Current 40 mA CE=0E = Vi,

f=5MHz lo=0
ViL Input Low Voltage ~0.1 0.8 \
ViH Input High Voltage 2 Vee +1 \
VoL Output Low Voltage 0.45 v loL=2.1 mA
VoH Output High Voltage 24 ' loH =-400 uA
NOTES:

1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vee.
2. Vpp cannot be left floating and should be connected to Vcc during read.
3. 0.1 uF ceramic capacitor on Vpp is required during programming only to suppress voltage transients.

4-17




AC Operating Characteristics During Read

M27C256

. seeQ Technology, Incorporated

1. THIS PARAMETER IS SAMPLED AND IS NOT 100% TESTED.

2. O MAY BE DELAYED TO tacc — toE AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON tacc.
3. tpF IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST.

4. THESE ARE EQUIVALENT TEST CONDITIONS AND ACTUAL TEST CONDITIONS ARE DEPENDENT ON THE TESTER.

Limits (nsec)
M27C56-25 M27C56-30
Test
Symbol Parameter Min. Max. Min. Max. Conditions
Tacc Address to Data Valid 250 300 | CE=OE =V,
Tce Chip Enable to Data Valid 250 300 OE = ViL
Toel@! Output Enable to Data Valid 100 120 CE = V)_
Tpeld! Output Enable or Chip Enable to Output Float 0 60 105 CE=V,
Tou Output Hold from Chip Enable, Addresses, 0 CE = OE = V),
or Output Enable whichever occurred first
Capacitance!2! Equivalent A.C. Test Conditions!4]
Symbol | Parameter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and C, = 100 pF
c Imout Capacitance 4 6 E T Vn=ov Input Rise and Fall Times: < 20ns
N pul apactta d N Input Pulse Levels: 0.45V to 2.4V
Cout__| Output Capacitance 8 | 12 | pF | Vour=0V Timing Measurement Reference Level:
Inputs 1V and 2V
Outputs 0.8V and 2V
A.C. Waveforms
-
ADDRESSES A ES X
—-———
————
CE
oF \ /
R
toel2l ’4——|D|=[3]—>
OUuTPUT HIGHZ ﬂ U VALID OUTPUT E‘\ \ N HIGHZ
AN e £/ /7
tacc ton — I
NOTES:
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Erasure Characteristics

The M27C256 is erased using ultraviolet light which
has a wavelength of 2537 Angstroms. The integrated
dose, i.e., intensity x exposure time, for erasure is a
minimum of 15 watt-second/cm2. The EPROM
should be placed within one inch of the lamp tube
during erasure. Table 1 shows the typical EPROM
erasure time for various light intensities.

Table 1. Typical EPROM Erasure Time

M27C256

12V + 0.5V, bringing chip enable and output enable
to a TTL low, having Vgc at 5V, and having all
addresses except Ag at a TTL low. The Silicon Signa-
ture data is then accessed by toggling Ag. The data
appears on outputs Oy to Og, with O7 used as an odd
parity bit (see Table 2).

Table 2. Silicon Signature Bytes

Incorporated in SEEQ’'s EPROMs is a row of mask
programmed read only memory (ROM) cells which is
outside of the normal memory cell array. The ROM
contains the EPROM'’s Silicon Signature. Silicon Sig-
nature contains data which identifies SEEQ as the
manufacturer and gives the product code. This data
allows programmers to match the programming
specification against the product which is to be pro-
grammed. If there is verification, then the pro-
grammer proceeds to program.

Silicon Signature is activated by raising address Ag to

H
Light Intensity Erasure Time Ao Data (Hex)
(Micro-Watts/cm?) (Minutes) SEEQ Code (Byte 0) Vi 94

15,000 20 Product Code (Byte 1) ViH c2
10,000 30

Programming

5,000 55 : ) ]
The M27C256 is programmed using the industry stand-
Silicon Signature™ ard intelligent algorithm.

The intelligent algorithm requires Voo =6 V and Vpp =
12.5 V during byte programming. The initial program
pulse width is 1.0 millisecond, followed by a sequence
of 1.0 millisecond pulses. A byte is verified after each
pulse. A single program pulse, with a time duration
equal to 3 times the number of 1.0 millisecond pulses
applied, is additionally given to the address after it is
verified as being correctly programmed. A minimum of
one to a maximum of 25 1-ms pulses, plus one 3X
overpulse, may be applied to each byte. When the
intelligent algorithm cycle has been completed, all
bytes must be read at Voo = Vpp=56 V.

I GeeQ Technology, Incorporated
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Intelligent Algorithm Flowchart

START

ADDR = FIRST LOCATION

Vcc=60V
Vep =125V

PROGRAM ONE 1 msec PULSE
INCREMENT X

VERIFY ONE
BYTE

PASS
PROGRAM ONE PULSE
OF 3X msec DURATION

LAST ADDR?

INCREMENT ADDR

YES
Vee=Vpp=50V

M27C256

DEVICE
FAILED

DEVICE
FAILED

DEVICE PASSED

- GeeQ Technology, Incorporated
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M27C256

— seeQ Technology, Incorporated

1.ALL TIMES SHOWN IN () ARE MINIMUM AND IN .SEC UNLESS OTHERWISE SPECIFIED,
2.THE INPUT TIMING REFERENCE LEVEL 1S 0.8 VFOR A VjL AND 2V FOR A V.

3.tog AND tprp ARE CHARACTERISTICS OF THE DEVICE BUT MUST BE ACCOMMODATED BY THE PROGRAMMER.

4.0.1 uF CERAMIC CAPACITOR ON Vpp IS REQUIRED DURING PROGRAMMING ONLY TO SUPPRESS VOLTAGE TRANSIENTS.

Intelligent Algorithm
— —— PROGRAM VERIFY
Vin s e !
ADDRESSES ADDRESS STABLE
i N— 5
tas tam |,
(2) ()
ViH o— \
f HIGH Z 7
DATA DATA IN STABLE [ — DATA OUT VALID S
Vi = ~ s 7
1 t torp
—— — Y — — (013) |
MAX.
Vep F 114
Vep
@)
Vee
tves
2
Vee - 1 s —
Vee /
Vee
. tves. .
@)
Vin 1)
PGM /
v X
toe
trw - . toes . -
(1.0 ms) (2) (,3,1;?
Vi —
. /
viL 1}
topw
(3ms)
NOTES:
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Intelligent Algorithm

M27C256

AC Programming Characteristics Ta =25 +5°C, Vccl1] =6.0V £ 0.25V, Vpp = 12.5V

Input Rise and Fall Times (10% to 90%) ...... 20 ns
Input Pulse Levels ................. 045Vto24V
Input Timing Reference Level ....... 08Vand20V
Output Timing Reference Level ..... 0.8Vand20V

Limits
Symbol Parameter Min. Typ. Max. Unit
tas Address Setup Time - 2 us
toEs OE Setup Time 2 us
tos Data Setup Time 2 us
tan Address Hold Time 0 us
toH Data Hold Time 2 us
torp Output Enable to Output Float Delay 0 130 ns
tvps Vpp Setup Time 2 us
tves Ve Setup Time 2 us
trw CE Initial Program Pulse Width 0.95 1.0 1.05 ms
topwl2l CE Overprogram Pulse Width 2.85 78.75 ms
toe Data Valid from OE 150 ns
*AC Conditions of Test NOTES:

1. Vcc must be applied simultaneously or before Vep and
removed simultaneously or after Vpp.

2. The length of the overprogram pulse will vary from 2.85
msec to 78.75 msec as a function of the iteration counter
value X.

Ordering and Package Information

D M 27C266 — XX
—_—
SPEED

GENERIC PART NUMBER

OPERATING TEMPERATURE RANGE
W™ = -55 TO 125°C

PACKAGE TYPE
D = CERDIP
L = LEADLESS CHIP CARRIER

b—seeQ Technology, incorporated

28-LEAD HERMETIC CERDIP
PACKAGE TYPE D

O 0000 00n000am;mor]

O ( ossTooe
(14.15 + 1.07)

S0 0 4 [ 56 N N [ 0 N [ D G S s

l

1.460 + 0.025

—|

X y 0610 0.01
(37.08  0.64) (4.06 £ 050) [*(15.49 = 025) 7
¥ |
— —
0.010 * 0.002
(0.25 + 0.05)
— = <~~~ oizsmn
0.04 £ 0.02 0.100  0.010 001810002 (317 0.660 + 0.04
(101 = 0.50) (254 £ 0.25) (0.45 = 0.05) (676101 |
0.055 + 0.008
(1.39 £ 020)

DIMENSIONS IN INCHES AND (MILLIMETERS).
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M27C256

LEADLESS CHIP CARRIER 32 PIN PACKAGE

[« 0.460 - 0.445 —»|

«0.420 - 0.400>] 0.086 - 0.054
INDEX 0.110 - 0.093
CORNER

0.560 - 0.540

.
0.400 j @ 0.520 - 0.500
{

0.028 - 0.022]
TOP VIEW

BOTTOM VIEW

. seeQ Technology, Incorporated
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. GeeQ Technology, Incorporated

SeeQ

M2816A
Timer E2

16K Electrical Erasable ROMs

August 1985

Features

B High Endurance Write Cycles
— 2816A: 10,000 Cycles/Byte

m On-Chip Timer

— Automatic Erase and Write Time Out

Description

SEEQ’s M2816A is a 5 V only, 2K x 8 electrically eras-
able read only memory (E?ROM). E2ROMSs are ideal
for applications which require non-volatility and in-
system data modification. The endurance, the number

® All Inputs Latched by Write or Chip Enable of times that a byte may be written, is 10 thousand for

® Direct Replacement to 2K x 8 E2ROMs

— 21V 2816
— 5 V Timer 2816A

m 5V + 10% Power Supply
® Power Up/Down Protection Circultry
® 250 ns max. Access Time

B Low Power Operation
— 110 mA max. Active Current
— 40 mA max. Standby Current

m JEDEC Approved Byte-Wide Pinout

Block Diagram

COLUMN
ADDRESS
DECODE

COLUMN
Aso C:> ADDRESS
LATCHES

ROW
ADDRESS
DECODE

ROW
At0-4 @ ADDRESS
LATCHES

LATCH ENABLE

the M2816A. The M2816A’s high endurance was accom-
plished using SEEQ’s proprietary oxynitride E?ROM
process and its innovative “Q cell™” design. The
M2816A is ideal for systems that require frequent
updates.

There is an internal timer that automatically times out
the write time. A separate erase cycle is not required
and the minimum write enable (WE) pulse width
needs to be only 150 ns. The on-chip timer, along
with the inputs being latched by a write or chip
enable signal edge, frees the microcomputer system
(continued on next page)

Pin Configuration

LATCH ENABLE

INPUT

oE CONTROL CONTROL
LATCHES LOGIC

DATA Pin Names
LATCHES
Ao-A10 ADDRESSES
CE CHIP ENABLE
OE OUTPUT ENABLE
1/0 BUFFERS WE WRITE ENABLE
110 DATA INPUT (WRITE OR
ERASE)
DATA OUTPUT (READ)

1/0g.1
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M2816A

for other tasks during the write time. The M2816A’s the data inputs at a TTL high. In addition an optional
write time is 10 ms. Once a byte is written, it can be 21 V byte write (preceded by a byte erase) mode is
read in 250 ns. The inputs are TTL for both the byte available.

write and read mode. Mode Selection (Tabie 1)
The E?ROM is ideal for systems with limited board

area. For systems where cost is important or higher Mode CE | OF | WE Vo
density is required, SEEQ has a latch only “52B” Read ViL ViL ViH Dout
family at 16K and 64K bit densities. The “52B” family Standby ViH X X High Z
has the same JEDEC approved pin configuration but Byte Write v v it )
without the on-chip timer. All “52B” family inputs are e L N
latched by the falling edge of the write enable signal. Yr\::?:it‘" Read vie | vin | Vi High Z
]
Device Operation Chip Erase Vi T ven | Ven ™

There are five operational modes (see Table 1) and,
except for the chip erase mode, only TTL inputs are

required. To write into a particular location, a TTL low Power Up/Down Considerations

is applied to the write enable (WE) pin of a selected ) . L
The 2816A/5516A has internal circuitry to minimize a

(CE low) device. This, combined with output enable ; ! |
(OE) being high, initiates a write cycle. During a byte false write during system Vcc power up or down. This
circuitry prevents writing under any one of the follow-

write cycle, addresses are latched on the last falling - -
edge of CE or WE and data is latched on the first rising ing conditions.

*A 21 Vinput on WE is an optional mode.

edge of CE or WE. An internal timer times out the 1. Vogis less than 3 V.
required byte write time. An automatic byte erase is 2. A negative Write Enable (WE) transition has not
performed internally in the byte write mode. occurred when Vg is between 3 Vand 5 V.
The chip erase mode clears all data to a TTL high in Writing will also be prevented if CE or OF are in a
one 9 ms cycle. This is accomplished by raising both logical state other than that specified for a byte write in
WE and OE to a high voltage (e.g. 21 V) and having all the Mode Selection table.
Absolute Maximum Stress Ratings* Recommended Operating Conditions
Temperature Temperature Range: ............. -55° C to +125° C
Storage ......... .. oo -65° C to +150° C Veoc Power Supply: ..., 5V £10%
UnderBias ................... -65° C to +135° C Q (Maximum Endurance/Byte): ... ... 10,000 cycles
All Inputs or Outputs with
Respectto Ground .................... +6V to -0.3V "COMMENT: Stresses above those listed under “Absolute Maxi-

mum Ratings” may cause permanent damage to the device. This is

WE During Writing/Erasing with a stress rating only and functional operation of the device at these

ResPect !t?_(iround """"""""" +22.5Vt0 0.3V or any other conditions above those indicated in the operational
Dur af’?” of WE Supply at 22V sections of this specification is not implied. Exposure to absolute
During W/E Inhibit ................... ... 24 Hours maximum rating conditions for extended periods may affect device
reliability.
DC Operating Characteristics (Over the operating Vo and temperature range)
Limits
Symbol Parameter Min. Max. Units | Test Condition
Icc Active Vcc Current 125 mA CE=0E= Vi, All VO Open;
Other Inputs =5.5V
IsB Standby V¢c Current 40 mA CE=Vin, OE = Vii; All I/O’s
Open; Other Inputs =5.5 V
I Input Leakage Current 10 uA ViN=55V
Lo Output Leakage Current 10 uA Vour=55V
ViL Input Low Voltage -0.1 0.8 \'
ViH Input High Voltage 2.0 6 \'
Vo Output Low Voltage 0.4 Y loL=21mA
VoH Output High Voltage 24 Vv loH = -400 pA
VER OE and WE Voltage in Chip Erase Mode 12 22 v ler =10 pA

- eeeQ Technology, Incorporated
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M2816A

AC Characteristics (Over the operating Ve and temperature range)

Read Operation
Limits (ns)
M2816A-250 M2816A-350
Symbol Parameter Min. . Max. Min. Max. Units
tre Read Cycle Time 250 350 ns
tce Chip Enable Access Time 250 350 ns
taa Address Access Time 250 350 ns
toe Output Enable Access Time 90 100 ns
tLz CE to Output in Low Z 10 10 ns
thz CEto Output in High Z 10 100 10 100 ns
toLz OE to Output in Low Z 50 50 ns
tonz OE to Output in High Z 10 100 10 100 ns
ton Output Hold from Address Change 50 50 ns
tpy CE to Power-up Time 0 0 ns
tpp CE to Power Down Time 50 50 ns

Capacitance Ta=25°C, {=1MHz

Symbol | Parameter Max. | Conditions
CIN Input Capacitance 6pF |ViN=0V
Cout Data (I/0) Cap, 10pF|Vivo=0V

ADDRESS

READ CYCLE TIMING

tac

Equivalent A.C. Test Conditions!1]

Output Load: 1 TTL gate and C, = 100 pF

Input Rise and Fall Times: <20 ns
Input Pulse Levels: 045 Vto 2.4 V

Timing Measurement Reference Level:

Inputs 1 Vand 2V
Outputs 0.8 Vand 2 V

'CE

'OE

_\

- eeeQ Technology, incorporated

Vv, .ur!‘
WE Ll
F— toLz > ] —ﬂ thz
DATA OUT Hich 2 { X DATA VALID X DATA VALID E———
.I.L
1 taa
PU
Vee lee
SUPPLY
CURRENT Iss
tpp —————]

NOTE 1: THIS IS AN EQUIVALENT TEST CONDITION AND ACTUAL CONDITIONS ARE DEPENDENT ON THE TESTER.
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M2816A
AC Characteristics (Over the operating V¢ and temperature range)
TTL WRITE CYCLE
Limits (ns)
M2816A-250 M2816A-350
Symbol Parameter Min. Max. Min. Max. Units
twe Write Cycle Time 10 10 ms
tas Address Set Up Time 10 10 ns
tAH Address Hold Time 50 70 ns
tcs Write Set Up Time 0 0 ns
tch Write Hold Time 0 0 ns
tow CE to End of Write Input 150 150 ns
toes OE Set Up Time 10 10 ns
toeH OE Hold Time 10 10 ns
twpl1] WE Write Pulse Width 150 150 ns
toL Data Latch Time 50 50 ns
tovl2] Data Valid Time 1 1 us s
tps Data Set Up Time 20 50 ns
toH Data Hold Time 20 20 ns
Notes:

1. WE is noise protected. Less than a 20 ns write pulse will not activate a write cycle.
2. Data must be valid within 1 us maximum after the initiation of a write cycle.

TTL Byte Write Cycle

WE CONTROLLED WRITE CYCLE CE CONTROLLED WRITE CYCLE
R twe
we L .
ADDRESS ADDRESS X
l—tag tan [ tas—> 1 tan—= |+toL
[ —~T—tcH tew

T\ e
I | T 7

toes ™
'"P’ I"; Q"H
WE Z WE -\
le—tor
__._\ DATA OUT HIGH Z — 5
DATA OUT s HiGH 2 [« tov—=
—>  —tpy DATA IN DATA VALID x
¢

DATA IN X DATA VAIL.IJ B ‘ ‘)- tos [*—= ton
4——405—4 > toH a
- SeeQ Technology, Incorporated
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"~ AC Characteristics

21 V Optional Erase or Write Cycle

(All times shown in parentheses are in ns and are minimum value, unless otherwise noted.)
21 V BYTE ERASE OR BYTE WRITE TIMING

ADDRESS VALID

sooncsss )

I

— terr
(DONT
CARE)
Ver
wE o
f——— e WP e
(150) (9 ms)’ ('wnw >
Vo HIGH 2
(WRITE) "_'g m‘:\)
tos | ton
©) Vin 'J (50)
/0 HIGH Z ;
le— 1808 ol
(0)

taon
©)

OF DONT CARE

!

1]

DON'T CARE

21 V CHIP ERASE CYCLE

T\

M2816A

I-('&‘»*

letOH
(w)‘_j
(s"-'n’s) (55‘

)

Ver

WE
p————
"«»4
DATA IN HIGH Z
OE
ViH
=

-5

Ordering Information

DM 2816A- 250 MP
L MP: MILITARY PROCESSED

ACCESS TIME (ns)
GENERIC PART NUMBER
TEMPERATURE RANGE:-55° TO 125°C

PACKAGE: CERDIP

—SeeQ Technology, Incorporated

Package Diagram

24-LEAD HERMETIC CERDIP

PACKAGE TYPE D

ooooooooooon

¢ 9530 +0.02
(13.46 £ 0.50)
UUﬁUUUﬁUUUuUuu l
‘._ _ 1.260 £t0025 | 0.180 £0.02 0.610 =+ 0.01
(32.00% 0.64) (4.06 £ 0.50) [~ (15.49 % 0.25) |
I 11 1
—r.
=
0,010 + 0.002
L (0.25 £ 0.05)
[he =i~ 0.125 MIN.
X 0.100 1 0.01 0018 + 0.002 (3.17) 0.660 + 0.04
.50) (254 = o.zs) (0.45 % 0.05) 6.76 + 1.01)
© 0,055 + 0.008
(1.39 * 0.20)

DIMENSIONS IN INCHES AND (MILLIMETERS).
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Features

W Military Temperature Range

m Ready/Busy Pin

® High Endurance, 10,000 Byte Write Cycles

® On-Chip Timer
— Automatic Byte Erase Before Byte Write

® 5V + 10% Power Supply
B Power Up/Down Protection Circuitry
B 250 ns max. Access Time

= Low Power Operation
— 110 mA Active Current
~— 40 mA Standby Current
B JEDEC Approved Byte-Wide Pinout

Block Diagram

COLUMN
ADDRESS
LATCHES

COLUMN
ADDRESS
DECODE

ROW
ADDRESS
LATCHES

ROW
ADDRESS
DECODE

LATCH ENABLE
RDY/BUSY -

CE —»

EDGE
- DETECTION CKT TIMER
. “'°"‘
LATCH ENABLE

DATA

LATCHES

M2817A
Timer E2

16K Electrical Erasable ROMs

Aug. 1985

Description

SEEQ’s M2817A is a 5 V only, 2K x 8 electrically
erasable read only memories (E2ROMSs). It is pack-
aged in a 28 pin package and has a ready/busy pin.
This E?ROM is ideal for applications which require
non-volatility and in-system data modification. The
endurance, the number of times which a byte may
be written, is 10 thousand cycles. The extraordinary
high endurance was accomplished using SEEQ’s pro-
prietary oxynitride E2ROM process and its innovative
“Q cell” design. It is ideal for systems which require
frequent updates and higher reliabilty over lower
specified endurance E2ROMS.

The M2817A has an internal timer that automatically
times out the write time. The on-chip timer, along

Pin Configuration

DUAL-IN-LINE LEADLESS CHIP CARRIER
TOP VIEW BOTTOM VIEW

Iz

2

T INDEX

gl 898 2 comen
RDY/BUSY(] « 2 [ Vee =Y | w i

Ned: 2QWE 5 = ! W A
A %) NC
As(e s[QA; Ao J%] As
As(ds «[3As NC JZ7] Ay
AdJe 2 INC Ne g As
I¥s i 2 [)OF
A 2 [ Ay OF J25] Az

Ao 0 wi}0s TE y23) Ao
[f{«21u KT w[}1/0;
110, v o, 08 222 Ne
1/03J 13 15[ J1/05 VO J21] 1704

CONTROL
LATCHES

CONTHOL
LOGIC

170 BUFFERS

GND(J 1+ w1704 i< B i 9] [
L 5 0 0
Pin Names ged2gde
Ao-4 ADDRESSES — COLUMN (LOWER ORDER BITS)
As-12 ADDRESSES — ROW
CHIP ENABLE
OE OUTPUT ENABLE
WE WRITE ENABLE .
170 DATA INPUT (WRITE OR ERASE), DATA OUTPUT
(READ)
RDY/BUSY | DEVICE READY/BUSY
N/C NO CONNECT

I— SeeQ Technology, Incorporated

>
<
=
=
=




with the input latches, frees the microcomputer sys-
tem for other tasks during the write time. The 2817A’s
write cycle time is 10 ms over the military temperature
range. An automatic byte erase is performed before a
byte operation is started. Once a byte has been
written, the ready/busy pin signals the microprocessor
that it is available for another write or a read cycle.
All inputs are TTL for both the byte write and read
mode. Data retention is specified for ten years.

Device Operation

There are five operational modes (see Table 1) and,
except for the chip erase mode, only TTL inputs are
required. To write into a particular location, a TTL
low is applied to the write enable (WE) pin of a
selected (CE low) device. This, combined with output
enable (OE) being high, initiates a write cycle. During
a byte write cycle, addresses are latched on either
the falling edge of CE or WE, whichever one occurred
last. Data is latched on the rising edge of CE or WE,
whichever one occured first. The byte is automatically
erased before data is written. While the write opera-
tion is in progress, the RDY/BUSY output is ata TTL
low. An internal timer times out the required byte
write time and at the end of this time, the device
signals the RDY/BUSY pin to a TTL high. The RDY/
BUSY pin is an open drain output and a typical 3K Q
pull-up resistor to Vgc is required. The pull-up resistor
value is dependent on the number of OR-tied 2817A
RDY/BUSY pins.

Mode Selection (tavie 1)

Mode/Pin CE OE WE IO RDY/BUSY
Read Vi Vie Ve Dour High z
Standby VW X X Highz High Z
Byte Write Vi Vin Vi Din VoL
:’x;:it:ifr Read v vk Highz  Highz
Chip Erase Vit Ver Ver Vin High Z

M2817A

Power Up/Down Considerations

The M2817A has internal circuitry to minimize a false

write during system Voo power up or down. This

circuitry prevents writing under any one of the follow-

ing conditions.

1. Vg is less than 3 V. _

2. A negative Write Enable (WE) transition has not
occurred with Ve is between 3 V and 5 V.

Writing will also be prevented if CE or OE are in
TTL logical states other than that specified for a
byte write in the Mode Selection table.

Absolute Maximum Stress Ratings*

Temperature
Storage ... -65°C to +150°C
Under Bias ..................... -10°C to +135°C
All Inputs or Outputs with
Respect to Ground  ................. +6V to -0.3v

WE During Writing/Erasing with
Respect to Ground

Duration of WE Supply at 22V
During W/E Inhibit ...............ccccvnt. 24 hours

*COMMENT: Stresses above those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device. This
is a stress rating only and functional operation of the device at
these or any other conditions above those indicated in the
operational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may
affect device reliability.

+22.5V to -0.3V

Recommended Operating Conditions
M2817A-250 M2817A-30C
5V + 10% 5V £+ 10%

Vee Supply Voltage

Temperature Range -55°C to +125°C  -55°C to +125°C

Q (Maximum

Endurance)'? 10,000 cycles/byte

10,000 cycles/byte

. GeeQ Technology, Incorporated
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D.C. Operating Characteristics (Over the operating Vcc and temperature range)
Limits
Symbol Parameter Min. Max. Units Test Condition
Icc Active Vcc Current 110 mA 'CE= OE = ViL; All I/0 Open;
{Includes Write Operation) Other Inputs =55V
IsB Standby Vcc Current 40 mA CE= V4, OE = Vii; All VO
Open; Other Inputs = 5.5V
1Lt Input Leakage Current 10 nA ViN=55V
ILo Output Leakage Current 10 uA Vour =55V
ViL Input Low Voltage -0.1 0.8 \
VIH Input High Voltage 20 Vee +1 \
VoL Output Low Voltage 0.4 \ loL=21mA
VoH Output High Voltage 24 v loH = -400 A
VER OE and WE Voltage in 12 22 \ IER =10 pA
Chip Erase Mode
A.C. Characteristics
Read Operation (Over the operating Vcc and temperature range)
Limits (ns)
M2817A-250 M2817A-300
Symbol Parameter Min. Max. Min. Max. Units | Test Conditions
trc Read Cycle Time 250 300 ns | CE=OE=Vy
tce Chip Enable Access Time 250 300 ns | OE =V
taa Address Access Time 250 300 ns | CE=OE=W
toe Output Enable Access Time 90 100 ns CE=VL
tor Output Enable High to Output 0 60 0 60 ns CE =V
Not being Driven
tow Output Hold from Address Change, Chip 0 0 ns | CE=OE=Vy
Enable, or Qutput Enable whichever occurs
first
Read Cycle Timing
—_— =
ADDRESSES ADDRESSES VALID
R
[——tCE—
OE
i
tDF-»
toe |*— tom—s] T
OUTPUT ”” VALID \
\ln OUTPUT . /
b - o= o
taa

. eeeQ Technology, Incorporated
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Capacitance Ta=25°C; f=1MHz

Symbol | Parameter Max. | Conditions
CIN Input Capacitance 6pF|ViIN=0V
Cout Data (i/0) Cap, 10 pF| Vo =0V

A.C. Characteristics
Write Cycle (Over the operating Vcc and temperature range)

M2817A

A.C. Test Conditions

Output Load: 1 TTL gate and C; = 100 pF

Input Rise and Fall Times: <20 ns
Input Pulse Levels: 0.45 Vto 24 V

Timing Measurement Reference Level:

Inputs 1 Vand2 V
Outputs 0.8 V.and 2 V

Limits (ns)
M2817A-250 M2817A-300

Symbol Parameter Min. Max. Min. Max. Units
tas Address to Write Set Up Time 10 10 ns
tes CE to Write Set Up Time 10 10 ns
twpll] WE Write Pulse Width 150 150 ns
tan Address Hold Time 50 50 ns
tos Data Set Up Time 20 50 ns
toH Data Hold Time 20 20 ns
tou CE Hold Time 0 0 ‘ns
toes OE Set Up Time 10 10 ns
toen OE Hold Time 10 10 ns
toL Data Latch Time 50 50 ns
tovl2 Data Valid Time 1 1 us
tos Time to Device Busy 200 200 ns

Notes:

1. WE is noise protected. Less than a 20 ns write pulse will not activate a write cycle.

2. Data must be valid within 1 us maximum after the initiation of a write cycle.

A.C. Characteristics

Write Cycle (Over the operating Vcc and temperature range)

Limits (ns)
M2817A-250 M2817A-300

Symbol Parameter Min. Max. Min. Max. Units
twe Byte Write Cycle Time 10 10 ms

- seeQ Technology, Incorporated
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M2817A

Write Cycle Timing

tOES' toEH

n 'l
ADDRESSES X VALID (
_‘..

tcs

re—tCH-»r*— tDL

taH

tas

e typ —s DL

tos | bH

DATAIN

tov—» —
‘—los—-l
RDY/BUSY Z
\—IH

Ordering Information

DM 2817A- 250 MP

MILITARY PROCESSED

READ ACCESS TIME (ns)
GENERIC PART NUMBER
MILITARY TEMPERATURE

PACKAGE: D = CERDIP
L = CHIP CARRIER

- seeQ Technology, incorporated
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M2817A

Packaging Information
28-LEAD HERMETIC CERDIP PACKAGE TYPE D

O 0 0 00 0 00000000

( oss1ro0e
(14.15 £ 1.07)

UUUUUUUUUUUUUU

1.460 + 0.025 0.160 + 0.02
(svouw) (4.06 + 0.50)

iy

~ i~ cizsmN l

0.610 * 0.01
(15.49 * 0.25)

—
0.010 % 0.002
(0.25 * 0.05)

0,04 + 0.02 0.100 £ 0.010 0.018 * 0.002 (3.17)
(1.01 £ 0.50) (2.54 £ 0.25) (0.45 * 0.05)

0.055 * 0.008

(1.39 £ 0.20)

0.660 + 0.04 .
(16.76 + 1.01)

DIMENSIONS IN INCHES AND (MILLIMETERS).

LEADLESS CHIP CARRIER 32 PIN PACKAGE

0.460 - 0.445—1

0.420 - 0.4 0.066 - 0.054
INDEX 0.079 - 0. oss
CORNER

0.093 - 0.077

0.560 - 0 540
0.520 - 0.500

T_
b
i

0.028 - 0.022

TOP VIEW BOTTOM VIEW

— GeeQ Technology, Incorporated
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SeeqQ

Features
®m 64K E2ROM
— Military Temperature M2864
® Ready/Busy Pin
B High Endurance Write Cycles
— 10,000 Cycles/Byte
B On-Chip Timer
— Automatic Byte Erase Before Byte Write
— 2 ms Byte Write (M2864H)
® 5 V+10% Power Supply
B Power Up/Down Protection Circuitry
= 250 ns max. Access Time

Description

SEEQ’s M2864 is a 5 V only, 8K x 8 NMOS electri-
cally erasable read only memory (E2ROM). It is
package in a 28 pin package and has a ready/busy
pin. This E2ROM is ideal for applications which
require non-volatility and in-system data modifica-
tion. The endurance, the number of times which a
byte may be written, is 10 thousand cycles.

Block Diagram
COLUMN COLUMN
Ao4:} ADDRESS ADDRESS
LATCHES DECODE
ROW ROW )
As,|2{::> ADDRESS ADDRESS MEMORY
LATCHES DECODE ARRAY
LATCH ENABLE
ROY/BUSY &
CE INPUT
EDGE
DETECTION CKT TIMER ERASE DATA
WE AND LATCHES WRITE|  LATCHES
LATCH ENABLE
- CONTROL CONTROL
o LATCHES LOGIC V/0 BUFFERS

/014

M2864/M2864H
Timer E2

64K Electrically Erasable ROMs

August 1985

The E2ROM has an internal timer that automatically
times out the write time. The on-chip timer, along
with the input latches, frees the microcomputer
system for other tasks during the write time. The
standard byte write cycle time is 10 ms. For systems
requiring faster byte write, an M2864H is specified
at 2 ms. An automatic byte erase is performed
before a byte operation is started. Once a byte has
been written, the ready/busy pin signals the microproc-
essor that it is available for another write or a read
cycle. All inputs are TTL for both the byte write and
read mode. Data retention is specified for ten years.

These two timer E2ROMs are ideal for systems with
limited board area. For systems where cost is impor-
tant, SEEQ has a latch only “52B” family at 16K and
64K bit densities. All “52B” family inputs, except for
write enable, are latched by the falling edge of the
write enable signal.

Pin Configuration

DUAL-IN-LINE LEADLESS CHIP CARRIER
TOP VIEW BOTTOM VIEW
|5
2
. © g o  INDEX
g8 £ 28 & g CopNeRr
ROY/BUSY(] 3 vec & & slils
A 27 LD WE A 3] As
/.¥es 5 % [AN/C
Asd: s[pAy Ao 28] As
As(ds 2a(}Ag  Aqq J27] Aq
Adge =AY ne T3] A
A 2[30E
A 2 Ay, OF 28] ™
A e 2L} CE A1 J24] A
Agd 0 9 L)1/0s  TE ¥73] Ao
170y 18 [ D 1/07
10, v o, VO N

1103 18 [)1/0s V07 J21) 1/0q
GND[{ 15[} 170, Q g E o] E E
e o r 0 O 0
Pin Names geg28¢¢
Ao-4 ADDRESSES — COLUMN (LOWER ORDER BITS)
As-12 ADDRESSES — ROW
CE CHIP ENABLE
OE OUTPUT ENABLE
W WRITE ENABLE
1/0 DATA INPUT (WRITE OR ERASE), DATA OUTPUT
(READ)
RDY/BUSY | DEVICE READY/BUSY
N/C NO CONNECT

——SeeQ Technology, Incorporated
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Device Operation

There are five operational modes (see Table 1) and,
except for the chip erase mode, only TTL inputs are
required. To write into a particular location, a 150 ns
TTL pulse is applied to the write enable (WE) pin of
a selected (CE low) device. This, combined with
output enable (OE) being high, initiates a 10 ms
write cycle. During a byte write cycle, addresses are
latched on either the falling edge of CE or WE,
whichever one occurred last. Data is latched on the
rising edge of CE or WE, whichever one occurred
first. The byte is automatically erased before data is
written. While the write operation is in progress, the
RDY/BUSY output is at a TTL low. An internal timer
times out the required byte write time and at the end
of this time, the device signals the RDY/BUSY pin to
a TTL high. The RDY/BUSY pin is an open drain
output and a typical 3K Q pull-up resistor to Veg is
required. The pull-up resistor value is dependent on
the number of OR-tied RDY/BUSY pins.

Mode Selection (Table 1)
__ __ __ |BDY/
Mode/Pin | CE | OE | WE 70 BUSY
(20) | (22) | (27) |(11-13,15-19)] (1)*
Read ViL ViL | VIH Dour High Z
Standby ViH X X High Z High Z
ByteWrite | ViL | ViH | VL DiN VoL
Write or
Read Vi VIH ViH HighZ [High Z
Inhibit

*Pin 1 has an open drain output and requires an external 3K
resistor to Vcc. The resistor value is dependent on the number of
OR-tied RDY/BUSY pins.

Recommended Operating Conditions

M2864/M2864H

Chip Erase

Certain applications may require all bytes to be
erased simultaneously. This feature is optional and
the timing specifications are available from SEEQ.

Power Up/Down Considerations

The M2864 has internal circuitry to minimize a false

write during system Voc power up or down. This

circuitry prevents writing under any one of the

following conditions.

1. Vocis less than 3 V.

2. A negative Write Enable (WE) transition has not
occurred when V¢ is between 3 V and 5 V.

Writing will also be prevented if CE or OE are in TTL
logical states other than that specified for a byte
write in the Mode Selection table.

Absolute Maximum Stress Ratings*

Temperature
SIOrage ......civiiiiiiiiiiiiees -65°C to +150°C
Under Bias ...........cccoovvun. -65°C to +135°C

All Inpuis or Outputs with
Respectto Ground .................. +15Vto-03V

Duration of OE Supply at 12 V

During W/E Inhibit ....................... 24 Hours

*COMMENT: Stresses above those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device. This
is a stress rating only and functional operation of the device at
these or any other conditions above those indicated in the opera-
tional sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may
affect device reliability.

M2864H-300
M2864-250 M2864-300 M2864-35
Vce Supply Voitage 5V+10% 5V+10% 5V 5%
Temperature Range -55°C to 125°C -55°C to 125°C -55°C to 125°C
Q (Maximum Endurance) 10,000 cycles/byte 10,000 cycles/byte 10,000 cycles/byte

I GeeQ Technology, Incorporated




M2864/M2864H

DC Operating Characteristics (Over the operating Vcc and temperature range)

Limits
Symbol Parameter Min. Max. Units | Test Condition
Icc Active Vcc Current mA CE = OE = Vi; All /O Open;
(Includes Write Operation) 120 Other Inputs = Vcc Max.
IsB Standby Vcc Current 50 mA CE = vin, OE = ViL; All I/0 Open;
Other Inputs = Vcc Max.
[[X] Input Leakage Current 10 uA ViN = Vce Max.
Lo Output Leakage Current 10 uA Vout = Vcc Max.
ViL Input Low Voltage -0.1 0.8 Vv
ViH Input High Voltage 20 Veec +1 \
VoL Output Low Voltage 0.4 Vv loL=21mA
VoH Output High Voltage 24 \" loH = -400 uA

AC Characteristics Read Operation (Over the operating Vcc and temperature range)

Limits (ns)
M2864-250 'ﬁ::::;%? M2864-35

Symbol | Parameter Min.| Max. | Min.| Max. | Min.| Max. | Units | Test Conditions
trc Read Cycle Time 250 300 350 ns | CE=0E=ViL
tce Chip Enable Access Time 250 300 350 ns | OE=ViL
taa Address Access Time 250 300 300 ns | CE=O0E=VL
toE Output Enable Access Time Q0 100 100 | ns |CE=wvi
toF Output Enable High to Output Not 0 60 0 60 0 80 ns | CE=viL

being Driven
toH Output Hold from Address Change, Chip 0 0 0 ns | CEorOE=ViL

Enable, or Output Enable whichever occurs

first

Read Cycle Timing

ADDRESSES 8 ADDRESSES VALID

(
C—E—_— __.___1Z

f¢——tCE —
OE
R
tDF —~
tog [+ toH —* e—
”77 VALID \
oUTPUT
| OUTPUT I
. e ——

— S ee Q Technology, Incorporated
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M2864/M2864H

Capacitance Ta"=25°C; f=1 MHz AC Test Conditions -
Symbol | Parameter Max. | Conditions Output Load: 1 TTL gate and C, = 100 pF
CiN Input Capacitance 6pF{lvin=0V Input Rise and Fall Times: <20 ns
Cour | Data (/O) Cap, 10 pF| Vio =0V 'T".p ut Pulse Levels: 0.45 V024V
iming Measurement Reference Level:
Inputs 1 Vand 2 V
Outputs 0.8 Vand2 V
AC Characteristics .
Write Cycle (Over the Operating Vcc and temperature range)
Limits
s | M | s
Symbol | Parameter Min. Max. Min. Max. Min. Max. Units
twe Write Cycle Time/Byte .
Standard Family Only 10 10 10 ms
“H" Family Only 2 2 — ms
tAS Address to WE Set Up Time | 10 10 10 ns
tcs 'CE to Write Set Up Time 0 0 0 ns
twpl2 WE Write Pulse Width 150 150 150 ns
tAH Address Hold Time 50 50 70 ns
tps Data Set Up Time 50 : 50 50 ns
toH Data Hold Time 20 20 20 ns
tcH ‘CE Hold Time 0 0 0 ns
toes OE Set Up Time 10 10 10 ns
toen ‘OE Hold Time 10 10 10 " ns
toL Data Latch Time 50 50 50 ' ns
tpytl Data Valid Time 1 1 1 us
tos Time to Device Busy 200 200 200 ns
Notes:

1. Iﬂis parameter is only sampled and not 100% tested.
2. WE is noise protected. Less than a 20 ns write pulse will not activate a write cycle.
3. Data must be valid within a 1 us maximum-after the initiation of a write cycle.

——SeeQ Technology, incorporated
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M2864/M2864H

_'seeQ Technology, Incorporated

Write Cycle Timing
toEs toeM J-—«i
A X
ADDRESSES VALID
7
i, le-teH-=f+—— toL
tan
CE
| b |
tas ) e
- /
tos 7.7.7
DATAIN % VALID rf
tov —=j bt
le——1tpB —*I
RDY/BUSY ; Z
twe
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M2864/M2864H

Ordering Information
LM 2864 H —300
PARTNUMBER DM 2864 — 250
T l T
OPERATING
PACKAGE TEMPERATURE
TYPE RANGE DEVICE TYPE WRITE TIME ACCESS TIME
D= CERDIP 2864 = 8K x 8 E2ROM (BLANK) =10 ms 250 =250 ns
L=LEADLESS M=-55°Cto+125°C H=2ms 300 = 300 ns
CHIP
CARRIER

Packaging Information
28-LEAD HERMETIC CERDIP PACKAGE TYPE D

jalalalslinlinlinlslelaEslnl

|

< 0.557 + 0.042

(14.15 % 1.07)
L e 5 0
e tas0:o002 0.160 + 0.02 0.610 £ 0.01
T @ros:osd) " (4.06 £ 0.50) (1549 = o.zs)"_"'l
e —
0.010 + 0.002
(0.25 * 0.05)
= 0. 125 MIN.
0.04 £ 0.02 o1oo+oo1o oo1e+oooz (347 0,660 + 0.04
(1.01 + 0.50) (2.54 * 0.25) (0.45 + 0.05) e+ 101)
0.055 * 0.008
(1.39 £ 0.20)

DIMENSIONS IN INCHES AND (MILLIMETERS).

LEADLESS CHIP CARRIER 32 PIN PACKAGE

0.460 - 0.445 —»

0.420 - 0.400 0.066 - 0.054
INDEX 0.079 - 0.085
CORNER '_'1
L \ T 0.083 - 0.077

0.560 - 0.540
— 0.028 - 0.022]

TOP VIEW BOTTOM VIEW

0.400 0.520 - 0.500

—GeeQ Technology, Incorporated
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M52B13/M32B813H
SeeQ E52B13/E52B13H

(Extended Temperature Range)

16K Electrically Erasable E2 ROM

June 1985

Features Description
W Full MIIItary and Extended Temperature SEEQ’s M52B13 and E52B13 are 2048 x 8, 5 volt electri-
Range cally erasable, read only memories (E2ROM) which are

X specified over the military and extended temperature
— M52B13/M52B13H: -55 to 125°C range respectively. They have input latches on all

— E52B13/E52B13H: -40 to 85°C addresses, data, and control (chip and output) lines. In
B Input Latches addition, for applications requiring fast byte write time
+ (1 msec), an M52B13H and E52B13H are also available.
W 5V +10% 2K X 8 E2ROM Data is latched and electrically writtenby a TTL (ora 21
W 1 ms (52B13H) or 9 ms Byte TTL Erase/Byte V pulse for the M52B13/E52B13) pulse on the Write
Write Enable pin. Once written, which requires under 10 ms,
there is no limit to the number of times data may be read.
B ] B

10’(.}00 Erase/Write Cycles per Byte Both byte and chip erase modes are available. The
B Chip Erase and Byte Erase erasure time in either mode is under 10 ms, and each

B Silicon Signature™ and DiTrace™ byte may be erased and written up to 10,000 times.
B Fast Read Access Time — 250 ns The M52B13 is compatible to the M2816 and SEEQ’s
W Infinite Number of Read Cycles M5213. For system upgrades of these older generation
E2ROMs, the M52B13 is specified over the full -55 to
B JEDEC Approved Byte Wide Memory Pinout +125° C temperature range and has an access time of
M M2816 E2 Compatible 250 ns. The M52B13 is available in a 24 pin cerdip
package. : (continued on next page)

Block Diagram Pin Configuration
M52B13/E52B13

>
o
£
=
=

COLUMN
ADDRESS

COLUMN
Aso N  ADDRESS
LATCHES DECODE

1
2
3
4
5
6
7
8
]

ROW
ADDRESS

ROW
At0-4 [___J_‘} ADDRESS
LATCHES DECODE

LATCH ENABLE

WRITE/ERASE ENABLE

DUAL INPUT
WE—|  vOLTAGE —»!  DATA Pin Names
DETECTION LATCH ENABLE LATCHES
Ao-A10 | ADDRESSES
LATCH ENABLE EJE CHIP ENABLE
GE —»l GE OUTPUT ENABLE
cE ONTROL NTROL —
5% —» okl CONTR /0 BUFFERS WE WRITE ENABLE
1710 DATA INPUT (WRITE OR
ERASE)
DATA OUTPUT (READ)

1/0g4

- eeeQ Technology, Incorporated

4-41



These E2ROMs are ideal for applications that require a
non-volatile memory with in-system write and erase
capability. Dynamic reconfiguration (the alteration of
operating software in real-time) is made possible by this
device. Applications will be found in military avionics
systems, programmable character generators, self-
calibrating instruments/machines, programmable
industrial controllers, and an assortment of other sys-
tems. Designing the E2ROMSs into eight and sixteen bit
microprocessor systems is also simplified by utilizing
the fast access time with zero wait states. The addition
of the latches on all data, address and control inputs
reduces the overhead on the system controller by elimi-
nating the need for the controller to maintain these
signals. This reduces IC count on the board and
improves the system performance.

Device Operation

SEEQ’s52B13 and 52B13H have six modes of operation
(see Table 1) and except for the chip erase mode they
require only TTL inputs to operate these modes.

To write into a particular location of the 52B13 or
52B13H, that byte must first be erased. A memory loca-
tion is erased by presenting the 52813 or 52B13H with
Chip Enable at a TTL low while Output Enable is at TTL
high, and TTL highs (logical 1’s) are being presented to
all the 1/O lines. These levels are latched and the data
written when write enable is brought to a TTL low level.
The erase operation requires under 10 ms. A write opera-
tion is the same as an erase except true data is presented
to the I/0 lines. The 52B13H performs the same as the
52B13 except that the device operates at 5 volts only and
the byte erase/byte write time has been enhanced to 1
ms.

The 52B13 is compatible to prior generation E2ROMs
which required a high voltage signal for writing and
erasing. Inthe 52B13 there is an internal dual level detec-

M52B13/M52B13H
E52B13/E52B13H

tion circuit which allows either a TTL low or 21V signal
(52B13 only) to be applied to WE to execute an erase or
write operation. The 52B13 specifies no restriction on
the rising edge of WE. ,

For certain applications, the user may wish to erase the
entire memory. A chip erase is performed in the same
manner as a byte erase except that Output Enable is
between 14V and 22V. All 2K bytes are erased in under 10
ms.

A characteristic of all E2ROMs is that the total number of
write and erase cycles is not unlimited. The 52B13 and
52B13H have been designed for applications requiring
up to 10,000 write and erase cycles per byte. The write
and erase cycling characteristic is completely byte inde-
pendent. Adjacent bytes are not affected during
write/erase cycling.

After the device is written, data is read by applyinga TTL
high to WE, enabling the chip, and enabling the outputs.
Data s available, tcg time after Chip Enable is applied or
tacc time from the addresses. System power may be
reduced by placing the 52813 or 52B13H into a standby
mode. Raising Chip Enable to a TTL high will reduce the
power consumption by over 60%.

SEEQ's family of E2ROMs incorporate Silicon Signa-
ture™ and Ditrace™ fields. The Silicon Signature™ feature
is a method for storing device and programming infor-
mation on-chip in an extra row of ROM cells.

Included in the user-accessible Silicon Signature™
field is the manufacturer’s name (SEEQ) and the pro-
duct's wafer fabrication location. The DiTrace™
feature is a method for storing production flow infor-
mation to the wafer level in an extra column of E2ROM
cells. As each major manufacturing operation is per-
formed the DiTrace™ field is automatically updated to
reflect the results of that step. These features establish
manufacturing operation traceability of the packaged
device back to the wafer level. Contact SEEQ for addi-
tional information on these features.

Table 1. Mode Selection (Vcc = 5V + 10%)

PIN CE OE WE 1/0
Mode (18) (20) (21) (9-11, 13-17)
Read!] ViL ViL VIH Dout
Standby (1] VIH Don't Care VIH High Z
Byte Erase!2] ViL ViH ViL DIN = ViH
Byte Writel2] Viy ViH ViL DiN
Chip Erase (2] ViL Voe Vie DIN = Vi
Write/Erase Inhibit ViH Don’t Care Don't Care High Z

Notes:

1. WE may be from ViH to 6V in the read and standby mode.

2. WE may be at ViL (TTL W/E Mode) or from 14V to 22V (High Voltage W/E Mode) in the byte erase, byte write, or chip erase mode
for the 52B13. The 52B13H requires WE to be at ViL for these same modes.

A eeeQ Technology, Incorporated
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M52B13/M52B13H
E52B13/E52B13H

52B13/52B13H Specification Differences

Except for the functional differences noted here, the 52813 and 52B13H operate to the same specifications,
including the TTL W/E mode.

M52B13 M52B13H
E52B13 E52B13H
Symbol Function/Parameter Min. Max. Min. Max. Units
twp Write Enable Pulse Width
Byte Write/Erase 9 1 ms
Chip Erase 9 9 ms
Vwe WE Write/Erase Voltage
High Voltage Mode 14 22 Not Applicable Vv

Power Up/Down Considerations

SEEQ’s “52B” E2 family has internal circuitry to
minimize false erase or write during system Vgc
power up or down. This circuitry prevents writing
or erasing under any one of the following
conditions:

1. Vec is less than 3 V.

2. A negative Write Enable transition has not

occurred when V¢ is between 3 Vand 5 V.

Under the above conditions, the outputs are in a
high impedance state.

- SeeQ Technology, Incorporated
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Absolute Maximum Stress Ratings*

M52B13/M52B13H
E52B13/E52B13H

*COMMENT.: Stresses above those listed under “Absolute
Maximum Ratings" may cause permanent damage to the
device. This is a stress rating only and functional operation
of the device at these or any other conditions above those

Temperature

Storage ..........ooiiiiiaen -65°C to +150°C

UnderBias .................. -65°C to +135°C
All Inputs or Outputs with

Respectto Ground ................ +7V to -0.6V
WE During Writing/Erasing

with Respect to Ground .......... +22V to -0.3V
Duration of WE Supply at

22V During W/E Inhibit ............... 24 Hours

Recommended Operating Conditions

indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability.

Read Mode Byte Write or Erase Mode Chip Erase Mode
Vcc Supply Voltage 5V +10% 5V =10% 5V +10%
Temperature Range:
M52B13/M51B13H -55 to +125°C -55 to +125°C -55 to +100°C
E52B13/E51B13H -40 to +85°C -40 to +85°C -40 to +85°C
Q (Maximum Endurance)!] — 10,000 cycles/byte 10,000 cycles/byte

D.C. Operating Characteristics During Read or Write/Erase

— eeeQ Technology, Incorporated

Symbol Parameter Min. Nom.[2ll  Max. Unit Test Conditions
IIN input Leakage Current 10 nA VIN = Vce Max.
lo Output Leakage Current 10 uA VouT = V¢e Max.
Iwe Write Enable Leakage .

Read Mode 10 uA WE = Vi

TTL W/E Mode 10 uA WE = V)L

High Voltage W/E Model3] 1.5 mA WE =22V, CE = V)L

High Voltage W/E Inhibit Model3] 15 mA WE =22V, CE = ViH

Chip Erase — TTL Mode 10 wA WE =V

Chip Erase—High Voltage

Model3] 1.5 mA WE =22V
Icci Vcc Standby Current 15 35 mA CE=VH
lcc2 Vce Active Current 50 920 mA CE=0E=ViL
ViL(D.C) Input Low Voltage (D.C.) -0.1 0.8 \
ViL (A.C) Input Low Voltage (A.C.) -0.4 \ Time.= 10 ns
ViH Input High Voltage 2 Vec + 1 Vv
VWE WE Read Voltage 2 Vee + 1 Y
WE Write/Erase Voltage

TTL Mode -0.1 0.8 \

High Voltage Model3] 14 22 \Y
Vou Output Low Voltage 0.45 Vv loL=21mA
VoH Output High Voltage 2.4 \ loH = -400 uA
Voe OE Chip Erase Voltage 14 22 v 10E = 10 uA

Notes:

1. Each byte may be written or erased, over the temperature and V¢ range, up to the recommended
endurance (Q) specification.

2. Nominal values are for To = 25°C and Vg = 50 V.

3. This mode is not available on the M52B13H/E52B13H.
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A.C. Operating Characteristics During Read
Device M52B13/ E52B13/
Number M52B13H | E52B13H Test
Symbol Parameter Extension Min. | Max. | Min. | Max. | Units | Conditions
tacc Address to Data Valid -250 250 250 ns |
-300 300 —_ ns E=0E=ViL
-350 . 350 ns
tce Chip Enable to Data Valid -250 250 250 ns | __
-300 300 — ns E=VL
-350 — 350 ns
toe! Output Enable to Data Valid ~250 10 90 10 90 ns | __
-300 10 90 — — ns |CE=ViL
-350 — — 10 110 ns
tort2l Output Enable to High Impedance | —250 0 70 0 70 ns |
~300 0 70 _— —_ ns |CE=ViL
-350 - — 0 80 ns
toH Output Hold All 0 0 ns |[CE=0E=VL
CiN/Courl3! Input Capacitance All 10 10 pF [VIN=0V for
Output Capacitance All 10 10 pF | CIN, Vour=0V
for Cour,
Ta=25°C
Equivalent A.C. Test Conditions!6]
Output Load: 1 TTL gate and C, = 100 pF
Input Rise and Fall Times: < 20ns
Input Pulse Levels: 0.45V to 2.4V
Timing Measurement Reference Level:
Inputs 1V and 2V
Outputs 0.8V and 2V
READ TIMING
-
ADDRESSES ADDRESSES VALID K
-
t: tog ——»]
OE /
St____--__:
toet 1l —| - toFl2]
OUTPUT HIGH Z { \f <A L o oureuT 2RV HIGH Z
tacc toH —»
Notes: .
1. OE may be delayed up to tacc — toe after the falling edge of CE without impact on tacc.
2. tor is specified from OE or CE, whichever occurs first.
3. This parameter is periodically sampled.
4. After tn, hold time, from WE the inputs CE, OE, Address and Data are latched and are “Don’t Cares” until s, Write Recovery Time,
after the trailing edge of WE.
5. The Write Recovery Time, twr, is the time after the trailing edge of WE that the latches are open and able to accept the next mode
set-up conditions. Reference Table 1 (page 2) for mode control conditions.
6. These are equivalent test conditions and actual test conditions are dependent on the tester.
- seeQ Technology, Incorporated
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A.C. Operating Characteristics During Write/Erase

M52B13/M52B13H

E52B13/E52B13H

E— seeQ Technology, Incorporated

Notes: See AC notes on page 4-45.

Symbol Parameter Min. Max. Units
ts CE, OF or Address Setup to WE 50 ns
tos Data Setup to WE 0 ns
thl4) WE to CE, OE, Address or Data Change 50 ns
twp Write Enable, WE, Chip Clear — All Devices 9 ms
Pulse Width Byte Modes — M52B13/E52813 9 ms
Byte Modes — M52B13H/E52B13H 1 ms
twhIS) WE to Mode Change 50 ns
BYTE ERASE OR BYTE WRITE TIMING
| 1
—+
ADDRESSES X VALID X DON'T CARE |
]
l .
l |
_ T
CE | / DON'T CARE |
| 1
| |
1 .
OE ! \ DON'T CARE :
le—tyy—»] +
T we I
| 'F“V_———H____——!r '
| h |
: I} \ |
|
/ \
! |
. : o} ) S
|
| \ - ]
tos)—~] f—p— twn—
|
170 Hienz : ; VALID i DON'T CARE I
(WRITE) i\ |
| |
! |
|
HIGH Z
&R AS'IEC)’ t / \ DON'T CARE {
I
F——-—«BVTE ERASE/WRITE PERIOD I START OF NEXT MODE
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M52B13/M52B13H
E52B13/E52B13H

CHIP ERASE TIMING

L
CE I \ / DON'T CARE
| .

1
T
|
|
| s " |
| 1avf [
| f
| |
oE |
l |
! |
ViL ]
l ts fe— ty—— I
I 7['1:\1-_-_-‘9___—_—_1)’ '
| i \ |
\
| ’ \ l
. Vin : ovd —‘— :
| g -
tos twi
I Vi 7 " I
o HIGH Z | I
I et
|
IL— CHIP ERASE PERIOD ~! START OF NEXT MODE
Ordering and Packaging Information
24-LEAD HERMETIC CERDIP
PART NUMBERS PACKAGE TYPED

DM52B13 -250
oonooopnaOonooon

DM52B13H-250MP
L S%REEANINS \RY P OCESS|
MP = MILITARY PROCESSED +
BLANK = SEEQ STANDARD SCREENING J 0.557 £ 0.042

(14.15 + 1,07)
ACCESS TIME (ns)

H =1ms WRITE TIME
AND 5 V ONLY OPERATION

BLANK =10 ms AND 5 V/21 V OPERATION [ LS B L ) o R 5 e e gy
L PRODUCT: 2K x 8 EROM e "1.260+0.025 0.160 +0.02 0.610 = 0.0
(32.00 = 064) (4.06+050) [* (1549 £ 0.25)
T ATURE RANGE: |
M=-551t0125°C I T 1
E=-401085°C
PACKAGE: -
D = CERDIP -
(CONTACT SEEQ REGARDING 0.010 + 0.002
CHIP CARRIER) (0.25 £ 0.05)
— - <~ i~ otsmn.
0.04 + 0.02 0.100 + 0.010 0.018 * 0.002 @317 0.660 + 0.04
(1.01 £ 0.50) (2.54 + 0.25) (0.45 + 0.05) ST ezt r0n
0,055 + 0.008
N (1.39 + 0.20)

DIMENSIONS IN INCHES AND (MILLIMETERS).

- seeQ Technology, Incorporated
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SeeqQ

Features

B Full Military and Extended Temperature
Range
— M52B33/M52B33H: -55 to 125°C
— E52B33: -40 to 85°C
B 10,000 Write Cycles/Byte Over Temperature
B Input Latches
W5V 10% Vee

M 1 ms (52B33H) or 9 ms TTL Byte Erase/Byte
Write (52B33)

B Power Up/Down Protection

W DiTrace™

B Fast Read Access Time—250 ns

# Infinite Number of Read Cycles

W JEDEC Approved Byte-Wide Memory Pinout

Description

SEEQ’s M52B33 and E52B33 are 8196 x 8, 5 V elec-
trically erasable read only memories (E2ROM) which
are specified over the military and extended temper-

Block Dlagram

COLUMN COLUMN
L> ADDRESS ADDRESS
DECODE

LATCHES

ROW
ADDRESS
LATCHES

ROW
ADDRESS
DECODE

CONTROL
LATCH

LATCH ENABLE

p— WRITE
WE —A ENABLE
CONTROL

WRITE/ERASE ENABLE

INPUT

T
LATCH ENABLE LATOHES

LATCH ENABLE

CE->  CONTROL
5E-»| LATCHES

CONTROL

LOGIC /0 BUFFERS

1/08-1

M52B33/M52B33H
E52B33

64K Electrically Erasable EZROM

ature range respectively. They have input latches on
all addresses, data, and control (chip and output)
lines. In addition, for applications requiring fast byte
write time (1 ms), an M52B33H is also available. Data
is latched and electrically written by a TTL pulse on
the Write Enable pin. Once written, there is no limit
to the number of times data may be read. The era-
sure time is under 10 ms, and each byte may be
erased and written up to 10,000 times.

The M52B33 is available in a 28 pin cerdip or 32
pin leadless chip carrier. The pin configuration is
to the JEDEC approved byte wide memory pinout
for these two types of packages. These E2ROMs are
ideal for applications that require a non-volatile
memory with in-system write and erase capability.
Dynamic configuration (the alteration of opening
software in real-time) is made possible by this
device. Applications will be found in military avionics
systems, programmable character generators, self-
calibrating instrument/machines, programmable
industrial controllers, and an assortment of other

(continued on page 2)
Pin Configurations
DUAL-IN-LINE LEADLESS CHIP CARRIER
TOP VIEW BOTTOM VIEW

M INDEX
(2] |0 b CORNER

g
2
(2]
Pin Names

Ac_| ADDRESSES — COLUMN (LOWER ORDER BITS)
Ar_| ADDRESSES — ROW

[ TE | cHiP ENABLE
OE | OUTPUT ENABLE
WE_| WRITE ENABLE
1/O_| DATA INPUT (WRITE OR ERASE), DATA OUTPUT (READ)
€C | CHIP CLEAR
N/C | NO CONNECT

— eeeQ Technology, Incorporated
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systems. Designing the E2ROMSs into eight and six-
teen bit microprocessor systems is also simplified by
utilizing the fast access time zero wait states. The
addition of the latches on all data, address and con-
trol inputs reduces the overhead on the system
controller by eliminating the need for the controller
to maintain these signals. This reduces IC count on
the board and improves the system performance.

Device Operation

SEEQ’s 52B33 and 52B33H have six modes of opera-
tion (see Table 1) and require only TTL inputs to
operate these modes.

To write into a particular location, that byte must
first be erased. A memory location is erased by hav-
ing valid addresses, Chip Enable at a TTL low,
Output Enable at TTL high, and TTL highs (logical
1’s) presented to all the 1/0O lines. Write Enable is
then brought to a TTL low level to latch all the
inputs. The erase operation requires under 10 ms. A
write operation is the same as an erase except true
data is presented to the 1/0 lines. The 52B33H per-
forms the same as the 52B33 except that the byte erase/
byte write time has been enhanced to 1 ms.

For certain applications, the user may wish to erase
the entire memory. This feature (chip clear) is
optional and the timing specifications are available
from SEEQ.

A characteristic of all E2ROMSs is that the total
number of write and erase cycles is not unlimited.
The 52B33 is designed for applications requiring up
to 10,000 write and erase cycles per byte over the
temperature range. For applications requiring higher
endurance or reliability, a 56B33 at 1,000,000 cycles
is being characterized. Further information on the
55B33 is available from SEEQ. The write and erase
cycling characteristics are completely byte inde-
pendent. Adjacent bytes are not affected during
write/erase cycling.

M52B33/M52B33H
E52B33

After the device is written, data is read by applying a
TTL high to WE, enabling the chip, and enabling the
outputs. Data is available, Tcg time after Chip Enable
is applied or Tacc time from the addresses. System
power may be reduced by pacing the device into a
standby mode. Raising Chip Enable to a TTL high
will reduce the power consumption by over 60%.

SEEQ’s family of E2ROMSs incorporates a DiTrace™
field. The DiTrace™ feature is a method for storing
production flow information to the wafer level in an
extra column of E2ROM cells. As each major manu-
facturing operation is performed the DiTrace™ field
is automatically updated to reflect the results of that
step. These features establish manufacturing opera-
tion traceability of the packaged device back to the
wafer level. Contact SEEQ for additional information
on these features.

Chip Clear

Certain applications may require all bytes to be
erased simultaneously. This feature is optional and
the timing specifications are available from SEEQ.

Power Up/Down Considerations

SEEQ’s “52B” E2 family has internal circuitry to min-
imize false erase or write during system Voo power
up or down. This circuitry prevents writing or eras-
ing under any one of the following conditions.

1. Voc is less than 3 V.
2. A negative Write Enable transition has not
occurred when Ve is between 3 V and 5 V.

Writing will also be prevented if CE or OE are in a
logical state other than that specified for a byte write
in the Mode Selection table.

"— seeQ Technology, Incorporated
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M52B33/M52B33H
E52B33

Mode Selection (Table 1)

Function CE cc OE WE 110
Mode (Pin) (20) 1) (22) (27) (11-13,15-19)
Read ViL ViH ViL Vin Dour
Standby ViH Don't Care Don'’t Care Don't Care High Z
Byte Erase ViL ViH VIH ViL DIN = VIH
Byte Write ViL ViH ViH ViL DiN
Chip Clear ViL ViL ViH Vi ViL or ViH
Write/Erase Inhibit VIH Don't Care Don’t Care Don't Care High Z
Absolute Maximum Stress Rating* *COMMENT.: Stresses above those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device. This
Temperature is a stress rating only and functional operation of the device at
St 65°C 0°C
0rage .....c...eiiiiiiiii o0 to+15 . these or any other conditions above those indicated in the opera-
UnderBias .................ooeee. —65°Cto+135°C tional sections of this specification is not implied. Exposure to
All Inputs or Outputs with absolute maximum rating conditions for extended periods may
Respectto Ground ..............ccuiunn +7V to-0.6V affect device reliability.

Recommended Operating Conditions

Read Mode Byte Write or Erase Mode
Vce Supply Voltage 5V £ 10% 5V £ 10%
Temperature Range:
M52B33/M52B33H -55 to +125° C -55 to +125°C
E52B33 -40 to +85°C -40 to +85°C
Q (Maximum Endurance)l] — 10,000 cycles/byte

DC Operating Characteristics During Read or Erase/Write

(Over the operating Vcc and temperature range)

Symbol Parameter Min. Nom.?l | Max. Unit Test Condition
hN Input Leakage Current 10 uA VIN = Vcc Max
lo Output Leakage Current 10 uA VouTt = Vcec Max
Iwe Write Enable Leakage o

Read Mode 10 uA E =V

W/E Mode 10 pA WE=ViL
Icct Vce Standby Current 15 50 mA CE=Vin
lcce Vce Active Current 50 120 mA CE=0E=ViL
ViL (DC) Input Low Voltage (DC) -0.1 0.8 \
ViL (AC) Input Low Voltage (AC) -04 \ Time=10ns
ViH Input High Voltage 2 Vee +1 \
VoL Output Low Voltage 0.45 \ loL=2.1 mA
VoH Output High Voltage 24 \ loH =—400 A

Notes: See page 4-51 for notes.

L_eeeQ Technology, Incorporated
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(Over the operating Vcc and temperature range)

A.C. Operating Characteristics During Read

M52B33/M52B33H

E52B33

Time, after the trailing edge of WE.

N M52B33
Device
Number M52B33H E52B33 Test
Symbol Parameter Extension Min. | Max. | Min. | Max. [ Unit | Conditions
tacc Address to Data Valid —250 250 250 | ns | CE=0E=Vp
-300 300 300 | ns
tce Chip Enable to Data Valid -250 250 250 | ns | OE=VpL
-300 300 300 | ns
toE(3] Output Enable to Data Valid -250 1 90 10 9 [ ns | CE=viL
~300 10 90 10 920 ns
toF[4) Output Enable to High Impedance | ~250 0 70 0 70 | ns | CE=vL
-300 0 70 0 70 ns
toH Output Hold Al 0 ns | CE=OE=ViL
Civ/ Input/Output Capacitance All 10 10 pF | Vin=0V for
Courl5] CiN, VouTr =0V
for Cour,
Ta=25°C
Read Cycle Timing
-y
ADDRESSES ADDRESSES VALID
X K
- s
tcg —
OE /
10e!¥l— —-L‘ topl41{
HIGH Z /7777 . FXS\Y HIGHZ
OUTPUT
CCCEvav oureur, ok
tace ton—> |—
Notes:
1. Nominal values are for Ta -25°C and Vcc = 5.0 V.
2. Each byte may be written or erased, over the temperature and Vcc range, up to the recommended endurance (Q) specification.
3. OE may be delayed to tacc—toe after the falling edge of CE without impact on tacc.
4. tpr is specified from OE or CE, whichever occurs first.
5. This parameter is periodically sampled.
6. After tn, hold time, from WE, the inputs CE, OE, CC, Address and Data are latched and are “Don't Cares” until twr, Write Recovery

7. The Write Recovery Time, twr, is the time after the trailing edge of WE that the latches are open and able to accept the next mode
set-up conditions. Reference Table 1 (page 2) for mode control conditions.
8. These are equivalent test conditions and actual test conditions are dependent on the tester.

. GeeQ Technology, Incorporated
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I SeeQ Technology, Incorporated

M52B33/M52B33H

A.C. Operating Characteristics During Write/Erase
(Over the operating Vcc and temperature range)
Limits
Symbol Parameter Min. Max. Units
ts CE, OE or Address Setup to WE 50 ns
tps Data Setup to WE 0 ns
tyl6] WE to CE, OE, Address or Data Change 50 ns
twp Write Enable, (WE) Pulse Width
Byte Modes — M52B33/E52B33 9 ms
Byte Modes — M52B33H 1 ms
Chip Clear — M52B33/M52B33H 100 ms
Chip Clear — E52B33 100 ms
twal”) WE to Mode Change
WE to Next Byte Write/Erase Cycle 50 ns
WE to Start of a Read Cycle 1 us
See page 4 for notes.
Equivalent A.C. Test Conditions!8]
Output Load: 1 TTL gate and C; = 100 pF
Input Rise and Fall Times: <20 ns
Input Pulse Levels: 045V to 24V
Timing Measurement Reference Level:
Inputs 1 Vand2V
Outputs 0.8 Vand 2 V
Byte Erase or Byte Write Cycle Timing
\ —
ADDRESSES >< VALID >< DON'T CARE I
| !
| |
1\ T
CE | / DON'T CARE |
| 2 |
| |
| L
OE ! \ DON'T CARE :
4 Lty ~of +
‘y—J ts twp |
) |
| |
| |
| |
! |
WE L p +
! |
l K. g |
tos|—| [t 7 twn—-:
|
vo ——Hﬁﬁ-{ VALID >< DONT CARE |
(WRITE MODE) | |
| [
| |
i HiGHz_| DON'T CARE !
(ERASE MODE) |

|
I-—————BVTE ERASE/WRITE PERIOD———+—START OF NEXT MODE
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M52B33/M52B33H
E52B33
Ordering Information

LM52B33H — 300
PART NUMBER DM52B33 — 250

OPERATING
PACKAGE TEMPERATURE

TYPE RANGE DEVICE TYPE WRITE TIME ACCESS TIME
D= CERDIP E=-40°Cto + 85°C 52833 = 8K x 8 EZROM (BLANK) =10 ms 250=250 ns
L=LEADLESS M=-55°Cto+125°C H=1ms, 5 Volt 300 =300 ns

CHiP

CARRIER

Packaging Information
28-LEAD HERMETIC CERDIP PACKAGE TYPE D

.0 0.0 000000000 0

I

( 0.557 + 0.042
(14.15 £ 1.07)

S8 0 G B (I (S S D G Dy N S50 5 0 L
1.460 + 0.025 0.160 + 002 0610001
" (37.08  0.64) "1 (4.06 : 0.50) (*"(15.49 + 0.25)

_t I S
= —
0.010 * 0.002
v (0.25 * 0.05)

i — |~ -~ =
0.04 * 0.02 0.100 + 0.010 0.018 + 0.002 . 0.660 + 0.04 __|
(1.01 £ 0.50) (2.54 £ 0.25) (0.45 + 0.05) (16.76 + 1.01)
0.055 + 0.008 0.125 MIN.
(1.39 £ 0.20) (3.17) DIMENSIONS IN

INCHES AND (MILLIMETERS).

LEADLESS CHIP CARRIER 32 PIN PACKAGE

0.460 - 0.445

"0.420 - 0.400-I

INDEX
CORNER

‘Sif,iiiﬂiiiliﬂ F: |

— T 0.093 - 0.077
0.560 - 0.540
0.520 - 0.500
0.028 - 0.022

TOP VIEW BOTTOM VIEW

I

—GeeQ ‘Technology, Incorporated
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SeeQ

Military Quality
Assurance Program

SEEQ's Management emphasis is on Quality in products and performance, converting the results of the Technol-
ogy evolution and innovations to the greatest benefit of our customers with an ever increasing degree of system

reliability, quality, and functionality.

SEEQ's comprehensive and interactive Quality program is designed to exceed military and customer expectations

and requirements.

SEEQ’s Quality program uses military standards as a guide; including MIL-Q-9858, MIL-1-45208, MIL-M-38510
Appendix A, MIL-STD-45662, . FED-STD-209 and MIL-STD-883. Key segments of the Quality program are

described below.

Quality Assurance

SEEQ's Quality Assurance activity audits and moni-
tors the operating system and reports compliance to
processing requirements. Included within the activity
is inspection of incoming material and outgoing pro-
duct, audits and process monitors of Fab, Assembly
and Test. Product improvement and corrective action
is based on statistical data reduction and analysis.

Quality Control

SEEQ’s Quality Control activity is an in-line inspec-
tion, reporting and statistical control system. Included
is product inspection, and disposition of material and
processes which do not conform to specification.

Quality Engineering

Quality engineering supports incoming, Fab, assem-
bly, test, customer returns, and failure analysis through
the use of statistics and analytical capabilities. Quality
Engineering supplies focus, coordination and integra-
tion for quality improvement and system optimization,
throughout the entire business entity of SEEQ.

Product Monitor Program

SEEQ’s Product Monitor Program merges the classi-
cal reliability Quality Conformance Inspection (QCI,
Groups B, C, and D) and Device Qualification Activi-
ties into one comprehensive product data base.
Results are published quarterly.

Document Control

Document Control generates, implements and main-
tains procedures that will ensure control of all
documents related to the design, production and test-
ing of/manufactured products, including the trans-
lation of customer specification requirements into
SEEQ internal travelers, specifications and pro-
cedures.

SEEQ’s Document Control program assures internal
specifications and procedures are maintained to the
correct revision levels (Engineering Change Notice
Control) and provides historical records of all
changes.

Reliability Engineering

Reliability (quality over time) is built into each SEEQ
device, using proven engineering techniques.
Process and product performance is demonstrated
using accelerated stresses and tests. Results are
jointly analyzed with design and sustaining engi-
neering; then any improvements are incorporatec
into manufacturing.

Device Physics

The Device Physics groups help characterize the
design and process, particularly in regard to quality
and reliability. Potential failure mechanisms are ana-
lyzed for impact on processing and design. Overall
product performance is enhanced by development
of test, screens, process or design changes as
necessary. :

— seeQ Technology, Incorporated
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o eeeQ Technology, Incorporated

Military Product
Processing Program

SEEQ's Military product flow (Chart 1) incorporates manufacturing processing, screening and controls. Controls
as specified in Military procedures or customer specifications are an integral part of the processing flows in
wafer fabrication, assembly product screening and test. (Table 1)

Quality Conformance Inspection
Group A Tests

Group A — lot acceptance tests (see Table 1) are per-
formed on each of SEEQ'’s production lots or sub-lots
(splits) after completion of all processing. Q.A. electri-
cal and mechanical inspection is performed to an
AOQL (Average Outgoing Quality Limit) of 0.65%. For
electrical acceptance the 0.65% AOQL is cumulative
for all sub-groups. (AC, DC, fct across temperature).

Group B — Tests (see Table 2)

Group B testing is performed by product and package
type. The Group B covers the lot’s (sub lot) seal date
code and the next consecutive five (5*) weeks of seal.
The date code marked on the product is the week of
seal.

Group C Stresses — (see Table 3)

The product stressed, as part of Group C, is identical
to that shipped or from the same process and product
family. The seal date code of the product covered will
be the same as or within the 51* consecutive weeks
following the Group C seal date code. Electrical test is
per SEEQ data sheet.

Group D Stresses — (see Table 4)

The package stressed, as part of Group D, is identical
to that shipped. The seal date code of product
covered will be the same as or within the 51* weeks
following the Group D date code.

Product Monitors
On-Going

Process control monitor samples of product are sub-
jected to marking permanency, endurance, pressure
pot and hermeticity. These tests are performed and
reported by the Quality Assurance activity. Monitor
tests and procedures are in accordance with appli-
cable MIL-STD-883 test methods.

*Frequency is stated for Military processed lots. Some group B,
C, D stresses and tests for commercial products are performed
more frequently.

Extended Product Monitors

As part of SEEQ’s product reliability data program
samples of released military product are subjected
to extended stresses. The extended stress are sum-
marized as follows:

Stress

Stress Frequency Duration
Dynamic Life Stress Annually 10,000 Hours
Endurance (E2ROM) Quarterly 1,000,000 Cycles
Endurance (EPROM) Quarterly 50 Cycles
Temperature Cycle Quarterly 1,000 Cycles
Data Retention Quarterly 1,000 Hours
Dynamic Static Life Stress  Quarterly 1,000 Hours

Product Monitor
Quality Conformance Inspection Data

SEEQ updates quarterly all product monitor data
and can supply summary data upon request. Generic
data is defined for Group B, C, and D tests as well as
other tests SEEQ deems necessary. Electrical end-
point testing is per SEEQ data sheet using SEEQ
standard test programs and equipment. Dynamic life
stress (burn-in) is performed in compliance with
MIL-STD-883, MIL-STD-883, Method 1015.
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| customer oroer |

ORDER ENTRY
AND
P.O. REVIEW

i

WAFER
FABRICATION

Product Processing Flow
(Chart 1)

QC MONITORS

T

WAFER SORT
ELECTRICAL
TEST

QA AUDITS

!

ASSEMBLY AND
COND. B 100% VISUAL
METHOD 2010

QC MONITORS

QA MONITORS

QC MONITORS

I

ASSEMBLY 100%
ENVIRONMENTAL
SCREENS: SEAL FINE
AND GROSS CONSTANT
ACCELERATION
STABILIZATION BAKE
TEMPERATURE CYCLE

}

ASSEMBLY
EXTERNAL VISUAL

QC MONITORS

QC ASSEMBLY

!

RECEIVING
“ASSEMBLY FINISHED
PRODUCT”

MONITORS

QA ASSEMBLY

)

100% PRE
BURN-IN TEST

—

BURN-IN METHOD 1005
168 HRS @ 125°C
DYNAMIC

!

100% ELECTRICAL
TEST

+25°C, -55°C
AND +125°C

—

VISUAL PACK
METHOD 2009

k]

MONITORS

QA TEST AUDITS
AND MONITORS

QA ELECTRICAL
MECHANICAL
ACCEPTANCE @0.65%
AOQL CUM. +25°C,
+125°C AND 55°C

QA, QCI
DOCUMENTATION

REVIEW — GROUP B, C

QA SHIPPING
DOCUMENTATION

AND D AND DATA
PREPARATION

REVIEW AND
ACCEPTANCE

I seeQ Technology, Incorporated
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SEEQ Screens, Tests, & Monitors (Table 1)

Military Screen MIL-STD Method | Regmt.
Internal Visual 2010, Test 100%
Condition B
Stabilization Bake 1008, 24 Hrs @ 100%
Condition C
Temperature Cycling 1010, Test 100%
Condition C
Constant Acceleration 2001, Test 100%
Condition D, Y14
Orientation Only
Seal 1014 100%
(A) Fine Condition A or B
(B) Gross Condition C or D
Visual Inspection 100%
Initial (Pre-Burn-In-Test) |Per Applicable 100%
‘| Electrical SEEQ Specification
Parameters
Burn-In Stress 1015, Dynamic @ 100%
125°C
(Post-Burn-In—Test) Per Applicable 100%
Electrical Parameters SEEQ Specification
Tested within 96 Hrs.
Percent Defective 5% Cumulative 100%
Allowable (PDA)
Calculation
Quality Assurance Per Applicable .65%
Group A Tests SEEQ Specification | AOQL
(A) Static Tests Cumulative across
temperature (-55, 25,
125°C)
(B) Dynamic Tests and
Switching Tests
(C) Functional Tests
Qualification or Quality
Conformance Inspection
Test Sample Selection
External Visual 2009 100%

_ seeQ Technology, Incorporated

SEEQ Quality Monitors
Wafer Fab

Monitors and Audits:

e Phosphorous Content
Spec. and ECN Control
Defect Density

Defect Inspection
Critical Dimensions
Oxide Thickness
On-Going Mask

SEM (Step Coverage)

Assembly Processing

Monitors:
e 2nd Optical LTPD 10/1,
Method 2010 Cond B
e Die Shear (2 Units/4 Hours)
e Bond Strength (2 Units/4 Hours)
e 3rd Optical — LTPD 10/1,
Method 2010 Cond B

Assembly Environmentals

Monitors:

e Tin Plating Thickness
e Solderability
e Visual
[ ]
[ )

Equipment Monitors
Fine and Gross Leak LTPD 10/1

Assembly Receiving

Monitors:
Internal Visual
Bond Strength
Die Shear

Lid Torque
Lead Fatigue

Test and Finish

Monitors:

o PDA Verification

e 96 Hour Test Time Window
e Conformance Audits

¢ Solderability
[ ]
.

Fine Leak/Gross Leak
Marking Permanence

Quality Conformance Inspection (QCI)

Monitors:

e Group B (Table 2)
e Group C(Table 3)
e Group D (Table 4)

4-57
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Group B Tests (Table 2)

Test Quality Level/
Test Method Test Conditions Accept Number
Subgroup 1
Physical Dimensions 2016 Per SEEQ Outline Drawing 2 Devices (no failures)
Subgroup 2
Resistance to Solvents 2015 4 Devices (no failures)
Subgroup 3
Solderability 2003 Soldering Temperature of
+245°C Plus or Minus 5°C LTPD 15 Accept =1
Subgroup 4
Internal Visuat and Mechanical 2014 Failure Criteria Based on Design and 1 Device (no failures)
Construction Requirements of SEEQ
Specification
Subgroup §
Bond Strength
Ultrasonic or Wedge 2011 Test Condition C or D LTPD 15 Accept =1
Subgroup 7
(A) Seal 1014 As Applicable LTPD 5 Accept=0
(1} Fine
(20 Gross
Group C Stresses (Table 3)
Test Quality Level/
Test Method Test Conditions Accept Number
Subgroup 1
Steady-State Life Test 1005 Condition B, 1000 Hours LTPD 5 Accept =1
End-Point Electrical Per SEEQ Specification
Subgroup 2 -
Temperature Cycling 1010 Condition C, 10 Cycles LTPD 15 Accept = 1
Constant Acceleration 2001 Y1 Orientation 20,000 (g)
Hermeticity 1014 As Applicable
Fine
Gross
Visual Examination
End-Point Electrical Parameters Per SEEQ Specification

o seeQ Technology, Incorporated
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Group D Stresses (Table 4)

MIL-STD Minimum
Test Quality Level/
Test Method Test Conditions Accept Number
Subgroup 1
Physical Dimensions 2016 Per SEEQ Outline Drawing LTPD 15 Accept = 1
Subgroup 2
Lead Integrity 2004 Test Condition B2 LTPD 15 Accept =1
Hermeticity, Fine and Gross 1014
Subgroup 3
Thermal Shock 1011 T =-55°C to +125°C, 15 Cycles Minimum| LTPD 15 Accept =1
Temperature Cycling 1010 T =-55°C to +125°C, 100 Cycles
Minimum
Moisture Resistance 1004 90% Minimum Relative Humidity
Hermeticity, Fine and Gross 1014
Visual Examination 1004 Per SEEQ or Customer Specification
End-Point Electrical Parameters 1010 Per SEEQ or Customer Specification
Subgroup 4
Mechanical Shock 2002 1500 (g) LTPD 15 Accept =1
Vibration, Variable Frequency 2007 20(g)
Constant Acceleration 2001 Y1 Orientation 20,000 (g)
Hermeticity, Fine and Gross 1014
Visual Examination 2009 Per SEEQ or Customer Specification
End-Point Electrical Parameters Per SEEQ or Customer Specification
Subgroup 5
Salt Atmosphere 1009 24 Hours LTPD 15 Accept = 1
Hermeticity, Fine and Gross 1014
Visual Examination 1009 Per SEEQ or Customer Specification
Subgroup 6
Internal Wafer Vapor 1018 5,000 ppm Maximum Water Content at 3 Devices, 0 Failures or
T=+100°C 5 Devices, 1 Failure
Subgroup 7
Adhesion of Lead Finish 2025 Bend 90°, Inspect at 10x to 20x LTPD 15 Accept = 1
Magnification
Subgroup 8
Lid Torque 2024 As Applicable to Glass-Frit Packages LTPD 15 Accept = 1

— SeeQ Technology, Incorporated
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AOQL
Sampling Plan

The sampling plans in use by SEEQ Technology, Inc. are designed to:

Reduce the total cost of implementing the system,

1 primarily by concentrating on having simple plans
which are easy to administer and document and then
reduce the total number of units inspected.

which may be guaranteed to the customer as the

2 Provide a single value, regardless of lot size or history
average maximum proportion defective shipped.

Protect the consumer from receiving any lots with
unusually high proportion defective.

Significantly improved « and B risk factors compared
to AQL plans of the same proportion defective value.

Increased flexibility compared to AQL and LTPD
5 plans, particularly at lower allowable proportion defec-
tive values.

Lot Acceptance Sampling Plans

Table of Sample Sizes

AOQL
Lot Size A/R Number 0.05 0.075 0.10 0.25 0.40 0.65 1.0 15 25
0-100 N/A 100% 100% 100% 100% 100% 100% 100% 100% 100%
101-500 0-1 100% 100% 360 150 90 60 45 30 15
501-1200 1-2 100% 1125 810 330 210 135 20 60 45
1201-c0 23 2175 1830 1200 540 345 210 150 105 60
It sample size equals or exceeds lot or batch size do 100% inspection.
A = Accept
R = Reject

— seeQ Technology, Incorporated
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SEEQ E? Reliability Report

Introduction and Product Description

SEEQ offers a family of E.ROMs (Electrically Eras-
able Read Only Memories) which range in size from
16K to 64K bits. They conform to the JEDEC con-
figurations for byte wide memories. One family has
internal input latches and the second family has
internal input latches as well as a timer which per-
forms an automatic erase before write. New develop-
ments in process technology, circuit design tech-
niques, and memory cell design combine to provide
high performance from these E2ROMs that require
only a single 5-volt power supply. SEEQ uses an
innovative Q-cell design on all its E2ROMs designed
since 1983. The Q-cell, combined with oxynitride in
the tunnel dielectric, substantially improves the write/
erase endurance of E2EROMs. This gives higher relia-
bility to systems requiring infrequent writes (i.e. once
a day for ten years) as well as to systems writing
5-10 times per day.

Programming the state of the memory cells (via the
write and erase modes) is accomplished by charging
and discharging a floating gate device via Fowler-
Nordheim tunneling. This tunneling occurs through
a proprietary oxynitride dielectric under the floating
gate (see figure 1). Oxynitride is thermal oxide which
is annealed with ammonia. The use of oxynitride,
provides fast write/erase times (1 msec) at internal
voltages that are 25% lower than those required for
conventional oxide-only approaches due to its lower
barrier height than thermal oxide, . In addition, oxy-
nitride provides lower charge trapping characteristics
which gives improved write-erase endurance of each
cell. The use of oxynitride in the dielectric area and
SEEQ's proprietary Q-cell design allows endurance
to be specified up to 1,000,000 cycles/byte.

Memory Cell Operation

Figure 1 shows a basic E’ROM memory cell. The
number of transistors in a EEROM memory cell will
vary from 1 to 4, depending on the density. As higher
densities are designed (e.g. a 256K), the number of
transistors in a memory cell will decrease to obtain

miminum chip area. For example, SEEQ’s 64K
E?ROM is a two transistor cell which is similar to the
four transistor cell shown in Figure 1. Transistors
Qiand Q, and transistors Q3 and Q4 are merged in
the 64K E?ROM. In addition, separate read and write
lines are not used. However the fundamental write
and erase operation of the cell are the same, i.e.,
electrons are tunneled through the oxynitride from
and to the floating gate by applying a high voltage
across the sense line (top gate) and the drain.

The cell shown in Figure 1 is used in one of SEEQ’s
16K E2ROM. To read the cell, current through tran-
sistor Q1 is sensed to determine whether it is
“written” (logical 0) or “erased” (logical 1). During
this mode, the sense line is biased to a 2-volt refer-
ence level, and a given cell is accessed through the

CELL OPERATING VOLTAGES
Mode Read Erase Write
Row Line 5V 20v* 20V*
Read Line 2V Floating Floating
Sense Line 2V 20v* oV
Write Line ov ov 20V
*Generated Internally
e ——— e "I
' |
' |
| Qq sz |
sense_ | Ji 11 |
uNe T 1 L‘ 1 |
FLOATING GATE } |
FIRST-LEVEL |
POLYSILICON | NODE ]
| A |
' |
| ‘J |
mow__| ] l |
LINE | ] |
T
| i
| |
I R, I
READ LINE WRITE LINE

Figure 1. 52B13 Memory Cell

S Q Technology, incorporated

5-2



Results

The results are summarized in Table 1. The predic-
tions use an assumed activation energy of Ea =
0.4eV for Ta = 55° C. They show that SEEQ’s E?ROMSs
are more than comparable to other MOS memories.
It should be noted that the 52B33 predicated failure
rate will not be statistically meaningful until the
number of stress device hours is increased.

Read Integrity

Read integrity is defined as the ability of the E2EROM
to withstand multiple read cycles without incurring a
spurious change in data pattern and/or in perfor-
mance (e.g. access time). A read integrity failure
would be caused by either unintentional charge gain
or charge loss at a given cell as a result of the
voltages applied to the cell during muitiple read
operations. This undesirable disturbance of a non-
volatile memory cell is often referred to as “read
disturb”.

The read integrity characteristics are predicted in
Figure 2 through a combination of theory and experi-
ment. First, the threshold behavior of an erased cell
is measured experimentally and compared with the
theoretical model for accelerated voltage conditions
(Vg = 6 V and Vg = 7 V). The theoretical model is
based on the Fowler-Nordheim equation and physi-
cal parameters derived from the cell structure. A by-
product of this comparison is the accuracy demon-
strated by the theoretical model. Second, the model
is used to predict the threshold behavior of the cell
under the normal operating condition of Vg = 2 V.

To interpret the curves of Figure 2, note that the cell
threshold must cross the reference sense level of 2 V
for a read disturb to take place. Reading from the
figure, the predicted operating life is greater than 10
years even under the greatly accelerated voltage of 7
V. Under the normal gate bias of 2 V, the read
integrity life is on the order of 107 years!

Static Life and Charge Gain Stress Test
(CGST)

SEEQ’s products have a special built-in stress mode
feature which voltage stresses all memory cells

3 ~——EXPERIMENTAL MEASURED DATA
F e THEORETICAL CALCULATED CURVE
2 SENSE LEVEL

o

ACCELERATED TEST "

CELL THRESHOLD VOLTAGE (VOLTS)

4 Vg=7V §
~+“KCCELERATED TEST
2 Vg=6V
3
4 NORMAL OPERATION
vg=2v
5 . A —— . n
.01 1 102 104 106 108 § 1010

TIME (SECONDS) 1YEAR 10 YEARS

Figure 2. Read Disturb Analysis — Cell Threshold vs. Time

simultaneously. The purpose of the stress is to ac-
celerate “charge gain” failures: for example, those
bits which would gain charge during multiple read
cycles. “Static” refers to the D.C. bias of the cell
periphery and “charge gain” refers to the special
mode used to bias the memory array at a higher
than normal voltage. Failure modes for the static
portion include threshold shifts and leakages. The
typical failure mechanisms are mobile ion contamina-
tion or trapped charges. The failure mode for the
“charge gain” portion is a change in the state of the
memory cell. The typical failure mechanism is a
point defect in oxide layers.

The “static and charge gain” stress mode may be
used either for screening or determining the long
term “read disturb” reliability of the product.

Test Methods

Units to be stressed were drawn from finished goods
inventory and written with an “all 0’s” pattern. This
eliminates negative charge from all floating gates.
These devices were then placed in an oven with all
memory cells biased and the ambient temperature
held at 125°C.

Table 2. CGST Life Stress Results*

Predicted Failure Rate
Total Total Device @ 90%
Devices Stress Hours Number of Confidence @ Ta = 55°C
Product Stressed @ Ta = 125°C Failures (Ea = 0.6 eV)
52B13 987 221704 2 0.063%/1000 hours

*Note: CGST data is in process for the 52B33 and
2816A/5516A and will be available from SEEQ
in 4Q85.

GeeQ Technology, Incomporated
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row line (transistor Qg) and the read line (see cell
operating voltage table in Figure 1). For a cell to
appear erased, Qq should not conduct current (an
arbitrary choice of polarity). Therefore, an erased
cell will have its threshold voltage raised through
programming (floating gate charged with electrons)
and a written cell will have its threshold voltage
lowered (floating gate discharged of electrons) rela-
tive to the 2-volt reference level.

To erase the cell, the effective threshold voltage of
the Q4 is brought positive (as seen by top gate) by
intentionally tunneling electrons onto the floating
gate through the tunnel region in device Qo. Refer
again to the cell operating voltage table for the
conditions used to accomplish this operation. To
write the cell, the direction of the tunneling current
is reversed, causing the floating gate to discharge its
electrons and the effective threshold voltage of Q; to
drop.

During the write operation, an internally generated
voltage of approximately 20 V is applied to both the
write and the row lines. Transistor Q4 transfers this
high voltage to node A if the cell has been selected.
However, in deselected cells, node A is isolated from
the high voltage by virtue of Q4 being held “off”. The
voltage difference between node A and the sense
line enables electrons to tunnel away from the float-
ing gate.

During the erase operation, an internally generated
voltage of approximately 20 V is applied to the row
and the sense lines, while the write line is grounded.
Transistor Q4 in this case transfers the ground
potential to node A if the cell has been selected. For
a deselected cell, node A is isolated from ground by
Q4. The voltage difference between node A and the
sense line now enables electrons to tunnel into the
floating gate.

Operating Life

The operating life of an E,2ROM is limited by its
general reliability which includes integrity of the

peripheral circuitry as well as the memory cells. The
operating life is characterized using a dynamic high
temperature life stress.

Dynamic High Temperature Life Stress

Dynamic high temperature life stress is a standard
approach used to evaluate the failure rate distribution
of a product under accelerated conditions. The
failure rate is statistically derived from the experi-
mental results obtained at elevated temperatures,
then extrapolated back to typical operating junction
temperature conditions. This extrapolation is accom-
plished using the Arrhenius relationship and an ap-
parent activation energy consistent with the failure
mechanisms observed. This acceleration technique
works well for common causes of failure such as
oxide defects, interconnect voids, and defective
bonding.

For ease of calculation, the instantaneous failure
rate is assumed to be constant throughout the life-
time of the product (i.e. the probability density func-
tion of the time to failure is assumed to be
exponential).

Test Methods

Units to be stressed were drawn from finished goods
inventory, and written with a data pattern selected to
program both logic states of “1” and “0” into loca-
tions in each row and each column of the array.
Initial, intermediate, and final electrical testing of the
units was conducted at room temperature using a
test program that checks all fundamental parametrics
and functionality.

Stress Conditions

The dynamic high temperature stress was applied in
accordance with the conditions prescribed in MIL-
STD-883, Method 1015, Condition D. Oven ambient
temperature was maintained at 125°C. The sche-
matics are available upon request.

Table 1. High Temperature Dynamic Life Stress Results

Predicted Failure Rate
Total Total Device @ 90%
Devices Stress Hours Number of Confidence @ Ta = 55°C

Product Stressed @ Ta = 125°C Failures (Ea = 0.4 eV)
52B13 560 560,000 0 0.036%/1000 hours
52B33 143 143,000 0 0.142%/1000 hours
5516A/

2816A 342 346,576 0 0.059%/1000 hours

GeeQ Technology, Incorporated




Results

The results are summarized in Table 2. The predic-
tions use an assumed activation energy of Ea =
0.6eV for Ta = 55°C. The predicted charge gain
failure rate is less than % the intrinsic failure rate of
NMOS, as would be expected. This implies the field
usage failure rate would be accurately predicted by
dynamic life test.

High Temperature Bake (Unbiased)
(Data Retention)

Intrinsic data retention is defined as the ability to
retain valid data over a prolonged period of time
under storage conditions (i.e. non-operating). At the
cell level, data retention is a measure of the floating
gate’s ability to retain charge in the absence of
applied external gate bias. Data retention failures in
a floating gate structure are commonly caused by
dielectric defects and can be accelerated by high
temperature bake stress. This characteristic provides
a technique for both screening potentially defective
product from the production flow as well as pre-
dicting expected retention lifetimes of outgoing
product.

In order to determine the data retention capability of
SEEQ's products, unbiased devices are subjected to
high temperature bake at +250°C for a specified
duration. The failure mode is a change in the state of
the memory cell, and the typical failure mechanism
is a dielectric defect resulting in “charge loss.”
Because dielectric defects can be induced by the
electric fields generated during write/erase cycles,
data retention and endurance are related topics. The
effects of cycling on data retention are covered in
the endurance section. In this section the intrinsic
data retention characteristics are evaluated and com-
pared against the minimum data retention goal of
ten years.

Test Method

Units to be stressed are drawn from finished goods
inventory and erased to an all 1’s pattern (e.g. nega-
tive charge on floating gate.)

Stress Conditions

After erasing and initial testing, parts were temper-
ature stressed at 250°C. Voltage stress is not re-
quired for this evaluation; therefore all leads are held
at ground potential.

Resuits

The results are summarized in Table 3. Using an
activation energy of 0.6 eV, the data retention lifetime
predicted by the data exceed 100 years at a 55°C
junction temperature. This period exceeds the in-
dustry 10 year standard for erasable memories.

Endurance

Endurance is defined as the ability of an E°ROM to
operate to data sheet specifications after repeated
write/erase cycles to each byte. SEEQ specifies an
endurance of both 10,000 and 1,000,000 cycles/byte.
The extraordinary high endurance is accomplished
using SEEQ’s proprietary oxynitride process and its
innovative Q cell design. Products which are specified
with 1,000,000 cycle endurance are designated with
“55” series part numbers.

Endurance failures are characteristically caused by
dielectric breakdown occuring in the tunnel dielectric
itself. This breakdown is associated with charge trap-
ping that occurs during repeated write/erase cycles,
and the corresponding build-up of electric field with-
in the tunnel dielectric. Because this behavior is
central to the device physics of an E2EROM memory
cell, endurance will be discussed in two parts: first at
the cell level, then at the product level.

Single Cell Characteristics

During each write/erase operation of a floating-gate
E?ROM cell, a miniscule amount of charge is trapped
in the dielectric through which the programming
charge tunnelslll. The cumulative effect of this
charge trapping has a strong impact on the effective
threshold voltage that the cell exhibits at each
write/erase cycle. The envelope of the “written”

Reference:
[1] Ching S. Jeng et al. IEDM Technology Digest 1982, p. 811

Table 3. High Temperature Bake Test Results

Predicted Failure Rate
Total Total Device ] @ 90%
Devices Stress Hours Number of Confidence @ Ta = 55°C

Product Stressed @ Ta = 250°C Failures (Ea = 0.6 eV)
52B13 150 148192 4 0.003%/1000 hours
2816A/

2817/ 37 6216 0 0.0136%/1000 hours
5516A

GeeQ Technology, Incorporated-
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Figure 3. Endurance Characteristics

threshold voltage and the “erased” threshold voltage
plotted over a number of cycles is referred to as the
cell threshold “window”, and is a key figure of merit
for any E°ROM cell. Referring to the representative
threshold window shown in Figure 3, the net effect
of charge trapping results in an initial widening of
the window (due to positive trapped charge), and
subsequent narrowing of the window (due to net
negative trapped charge). Ultimately, negative charge
trapping sets the upper limit on endurance when the
window becomes too narrow to be useful.

As seen from the endurance plot of Figure 3, the
threshold window achieved using the SEEQ oxy-
nitride dielectric represents an improvement over the
traditional silicon dioxide case by at least a factor of
ten. The oxynitride window demonstrates very little
closing at 106 cycles, and provides a very useable
window at 107 cycles.

The improved performance of oxynitride over oxide
is directly related to the superior trapping character-
istics of the oxynitride film, as shown in Figures 4
and 5. In Figure 4, the positive charge trapping
characteristics of oxynitride and oxide are compared
as a function of field strength (the principal inde-
pendent variable). The positive charge trap density is
consistently lower for oxynitride by approximately a
factor of four. In Figure 5, the negative charge trap-
ping characteristics of oxynitride and oxide are
compared as a function of total injected charge (the
principal independent variable in this case). Note the
benefit of oxynitride in this case continues to in-
crease with increasing charge, thus verifying the
endurance improvement first observed in Figure 3.

Product Endurance:

Test Methods

Units were pulled from finished goods inventory and
stressed by performing repeated write/erase cycles
on every byte in the memory. Data retention, read/

write functionality, AC performance, and parametrics
were periodically tested against data sheet specs.
Failures (typically caused by the selective failure of
random bits) were analyzed and compiled for failure
rate calculations.

Results

A summary of the results is shown in Table 4. It
shows that all of SEEQ's E2ROMs meet or exceed
the intrinsic MOS failure rate of 0.05%/1000 hours if
you write once per day. It should also be noted that
the Q-cell E2ROMs have higher endurance than the
non-Q cell 52B13. All of SEEQ’s E2ROMs are Q-cell
except for the 52B13. For applications where writing
occurs more frequent or where a failure rate of less
than .05%/1000 hours is required, then a 1,000,000
cycle part such as the 16K autoerase 5516A should
be considered.
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Table 4. Write/Erase Endurance Test Results

Predicted Failure Rate
Total Total Device @ 90% Equivalent Failure
Devices Stress Hours Number of | Confidence @ Ta = 55°C Rate Writing

Product | Stressed @ Ta = 250°C Failures (Ea = 0.125 eV) Once Per Day
52B13 2797 26,798,000 58 0.4%/1000 cycles 0.017%/1000 HRS
2816A/

2817/ 609 508,030,000 7 0.036%/1000 cycles 0.002%/1000 HRS
5516A 1154 1,781,905,000 16 0.002%/1000 cycles 0.00008%/1000 HRS
52B33 527 52,700,000 6 0.031%/1000 cycles 0.0013%/1000 HRS

Accelerated stress data is updated quarterly and is available from SEEQ Technology. Contact: Literature Dept. M/S 3, 1848 Fortune Dr.,

San Jose, CA 95131.

Refer questions to:
David Sweetman
Director of QA
(408) 262-5041

GeeQ Technology, Incorporated
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Microprocessor Interfacing
with SEEQ’s Latched E2ROM

Introduction

This application note describes the interfacing of
SEEQ’s “latched” Electrically Erasable Read Only Mem-
ory (E2ROM or E2) to a microprocessor bus. The
latched E2ROM family is comprised of a 16K 52B13
and 64K 52B33. On each of these devices there are
internal latches on all inputs except write enable. A
byte must first be erased before it can be written. In
addition to the latched E2ROM family, SEEQ has a
timer E2ROM family. This family is comprised of a
16K 2816A (24 pins), a 16K 2817A (ready/busy) and a
64K 2864 (ready/busy). The timer family has internal
latches on all inputs and has an internal timer which
automatically performs a byte erase before write. In
this application note, the E2 used is SEEQ’s 52B13, a
2K x 8 memory. Since the timing of the higher-
density members of the family is compatible, the
circuits given can be extended to interface equally
well with the 52B33 (8K x 8). Both bus timing and
software timing are used to gate the control signals.
The case presented here uses general control signals
to permit adaptation to any system’s bus structure. In
addition, modifications are given for interfacing to
specific processors.

Interface Signals

The solution presented here (see Figure 1) uses an
S—R flip-flop (74LS00) with TTL gates (74LS32) to
latch WE for the 52B13. This flip-flop causes valid
data to be latched correctly, satisfies device setup
and hold times, and allows easy latch/unlatch of the
WE signal.

The system-dependent direct bus interface compo-
nents form the second part of the interface circuit.
These components will generate CHIP SELECT and
E2ROM SELECT to enable this part of memory.

CHIP SELECT is usually generated separately for
each word-wide group of devices. In this way, it
chooses the actual devices to be written. E2ROM
SELECT would be an “OR” function of the CHIP
SELECT signals for all the devices for which this
latch gates WE. With WE wired in common, only one
gated latch is required for the E2ROM array. Of
course, fanout must be considered, with a high-
current driver used if necessary. In the example bus
interfaces shown in this application note, gating for
one device is assumed, and E2ROM SELECT is tied
directly to CHIP SELECT.

The bus interface components perform other tasks
common to a memory/bus interface. For a multi-
plexed data bus, the bus interface components must
demultiplex the data and addresses. In addition, this
bus interface circuitry may generate MEMORY READ
and MEMORY WRITE, if required. Details of this bus
interface are given in the section “Considerations for
Special Applications,” beginning on page 5.

Details of Operation

Byte Write or Erase

The timing diagram in Figure 2 shows the details of a
byte write or erase operation for SEEQ’s latched
E2ROM family. The two modes are the same, except
that hex “FF” is presented to the 1/O lines for erasure.
Due to this similarity, only the write mode will be
discussed.

The first step is initiation of a write cycle. First, the
processor issues addresses, and the system’s decod-
ing circuitry brings CHIP SELECT valid. Although
the chip is enabled at this point, a write to the chip
has not yet begun, because MEMORY WRITE has

GeeQ Technology, Incorporated

w
w
-
(]
Z
a
o
<
-
w
2




éus L > ADE

o OF
P-———————== "
SVETEWRESET > y
— - WE
WMEMORY READ > |
|
E2ROM SELECT » {
| | )
MEMORY WRITE ) ‘ : = s, §2BXXH
LTaLsa |
CHIP SELECT ). —0| CE

DATA BUS ¢ R A Vo

+6——C| TC (FOR 52833)

Figure 1. E2ROM Interface Circult

aoonesses x A j( .,ommx oo cane )&\\\

S G ==\
S /e N/
e AN

v o NN - /AN
. N7 AN

Figure 2. Write-Cycle Timing Diagram Latched E2ROM Interface Application

GeeQ Technology, Incorporated

5-10



not yet been issued. This prevents inadvertently writ-
ing to an incorrect address as the address lines are
aliowed to settle out before a write is initiated. Fol-
lowing the timing events above, the active level of
MEMORY WRITE sets the flip-flop, bringing WE low
to the E2. Data, Addresses, CE, and OE are latched
at this point.

In the second part of a write, WE continues to be
active low for the entire write cycle. This requires a
timeout, which can be effected in any of several
ways. The designer can use a timing loop in soft-
ware, or trigger a timer which interrupts the
processor after the correct time. The software
timeout may require less hardware on-board. The
hardware timeout, on the other hand, allows the
CPU to perform other tasks. Obviously, a good
compromise is a software architecture with regular
(perhaps one-millisecond) timing interrupts, for sys-
tem real-time synchronization. Division of the task
between hardware and software is best left to the
individual systems engineer.

Regardless of the method used in the timeout, the
write pulse is terminated by WE being brought high.
This is effected by a read to any location in the
device, which resets the flip-flop to bring WE high.
A second read cycle is required for byte verify.
System designers shouid allow extra time between
the two reads to meet write recovery time (twr)
requirement. This method of write-cycle termination
provides another form of protection against inadver-
tent writing to the chip. Even if a statistically unlikely
succession of glitches were to trigger both flip-flops,
enable the gates, and bring WE low, a subsequent
read to the device could terminate the write before
data would be written.

For the case of a fully software-timed write, a flow-
chart is given for the sequence of operations (see
Figure 3). This processor-independent flowchart
handles all the erasure and writing for storing data in
the E2ROM, using the circuit from Figure 1. In addi-
tion, a segment of example code (written for the Z8)
is shown (see Figure 4).

WRITE “FF” ERASES E2ROM;

DELAY LOOP

LOAD COUNTER

ER? WITH PULSE
TO E2ROM WE GOES LOW WIDTH. 1 s FOR
52BXXH; 10 ms
FOR 52BXX
TIME OUT WRITE CYCLE
DECREMENT
COUNTER
TURN OFF ERASE;
irrh FORCES WE TO
HIGH STATE
LATCH ADDRESS
WRITEDATA | AND DATA INTO
TO E2ROM E2ROM;
WE GOES LOW

72}
18}
-
(]
4
8
a
g
-l
w
o

RETURN

DELAY LOOP TIME OUT WRITE CYCLE

102

READ* TURN OFF WRITE;
E2ROM WE GOES HIGH

RETURN RETURN TO CALLING PROGRAM

0z

*Data is not valid during this cycle.

Figure 3. Flowchart for 52BXX Erase/Write — Software Timing

SeeQ Technology, Incorporated
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0060
0062
0064
0067

0069
006B
006E

T TVUVTUY TVVUVU

0070

o

0071

0073
0076
0078
007B
007D

TCUVVTVTTDO

007E

0080
0081
0083
0086

0088

T TVIVVYUT O

7C
92
D6
82

92
D6
:¥3

AF

EC

FC

FF
00
6D
8B

AF

FF
70
0071
80

90

0071
80

0A

007E

007D
F6

6A

EF
0088
F8

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
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
23S

// The following is a general routine for writinyg
// data contained in the working register
// DataReg to an EEROM in

// the location pointed to by the working register
// pair AdReg.
// externa) data memory of Z8,
// Write FF to erase byte,

EEWR: LD
LDE

CALL

LDE
LDE
CAL
LDE

FinWr: RET

L

This EEPROM is assumed to be

OQutReq, W#AFF
@®AdReg, OutRag

in the

WaitwP // Wait for Twp
NowReg, ®@AdReg // Turn off WE
// Now, write the data to the part.

@AdReg, DataReg

WaitWwP /7 Wart for Twp
NowReg, @AdReg // turn off WE

//return from routine
// End of EEPROM Write Routine

// Timing routines
RLoop2, #Twp // % of ms to wait

WaitWP: LD

WPLoop: CAL
DEC
JP
JR

DunWP: RET

L

/7 10-> wait 10 mB,
// 1 -> Wait 1 mS,

Waitlims
RLoop?2
Z, DunWP
WPLoop
// Done with Twp.

// Basic 1 msec timing routine-

// adjust for micropraocessor crystal freq.
// The value of HexS58 (Dec88) works with
// a 28 with a 6,144 MHz xtal,

// Use %6A for 7,3728 MHz xtal,

// of NOP,

Waitims: LD

Timip: NOP
DEC
JP
JR

Dunims: RET

or xtal substitution, will
// require recalibration.

RLoop3, #%6A

RLoop3
Z, Dunims
Timlp

// Done with wait

//End of EEPROM Timing Routines
R e LT

Elimination

Figure 4. Sample Z8 Code for 52BXX Write

GeeQ Technology, Incorporated
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Read Operation

The timing for a read (see Figure 5) is simpler than
for a write. In the read mode, the on-chip latches are
transparent. The_leading (falling) edge of CHIP
SELECT brings CE low, and the falling edge of
MEMORY READ brings OE low. Data is available
from the 52BXX E2ROM after a delay of Tgg (from
OE) or T¢e (from CE). Table 1 shows the Tacc required
for operation with sample microprocessors, using no
wait states. Memory devices currently available from
SEEQ feature Tcg as fast as 200 nanoseconds. For
certain new microprocessors (for example, the 68000
or 8085A-1) which may require faster access, SEEQ
is currently developing memories with access times
of 150 nanoseconds or less.

To terminate the read, the rising edge of MEMORY
READ brings OE high. CE, however, is dependent
only on CHIP SELECT, and remains active low for
the entire microprocessor cycle.

Considerations for Special Applications

Use with Z8, Z8000 Systems

The implementation of the circuit shown in Figure 1
in a Z-Bus application allows simple generation of

Table 1. Zero-Wait State Required Minimum Tcc
(Assuming zero delay for buffers and drivers)

Clock Freq. | Required Tacc
Microprocessor (MHz2) (nanoseconds)
72720 10 350
8085A/8085AH 3 460
8085A-2/8085AH-2 5 270
8085A-1/8085AH-1 6 175
8086/8088 5 402
8086-2/8088-2 8 267
8086-1 10 227
Z8 8 310
Z80 575
Z80A 25 325
Z80B 190
6800 605
the control signals. First, the control signals

MEMORY READ and MEMORY WRITE can be gen-
erated by one half of a 74LS139 decoder, as in
Figure 6. In addition, for the Z8, the lower byte of
addresses must be latched, due to the multiplexing
of address and data. This can be easily accom-

ADDRESSES

DON'T CARE X

VALID DON'T CARE

X

DATA

X VALID DATA X

/A

e 7777\

ZAR\\\N

MEMORY READ = OE : : f : : /

Figure 5. Read-Cycle Timing Diagram

SeeQ Technology, Incorporated
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RESET O SYSTEM RESET
+5
|18
RIW 2 4 MEWGRY WRIT
172
7408139
= 3 5
Bs - a1 WEMORY READ
8 1
] ]
_i +5 E2ROM SELECT
= J2a
19
A5 ————2—00 G2 oxfo HIP SEL
A Py (] A
2l M 1
maf———— 21 24 12
Ay f———2] 5 74LS154 2 o A
™MD 19 70
z8 13 DO ————— |_circuIT
10252 o —— A N
B CIR *lis FIGURE 1
g (T ~
GND 8212 DO:‘O——* A3
DO ——
12 03 s Ay
L ' ] PEE——
Dbs1 DO/ ——m A
= DIg Di Dlg Di5 Dl Dis DIz Dly
] <& 22120181697 5[ 3
ADy D7
ADg Dg
ADs Ds
AD,4 A
AD3 D3
AD; D2
ADy D1
ADg Do
Ag-A10 > Ag-A1p

Figure 6. Interfacing to a Z8

plished with an 8212 octal latch, as in Figure 6.
Interfacing to a Z8000 (or 16-bit Z-Bus) requires an
additional 8212 latch, to demultiplex ADg-AD15. AS,
the Z-Bus address strobe, is active low, and must be
connected to the active low input in order to clock
these latches.

Use with Z80 Systems

The circuit shown in Figure 7 provides a bus inter-
face to a Z80, Z80A, or Z80B processor. In Figure 7,
MEMORY READ and MEMORY WRITE are gen-
erated from combining MREQ with the Z80 RD
and WR, respectively. Since address and data are
issued by the Z80 processor on separate lines, the
8212 latch is not needed.

Use with 8085 Systems

The implementation of the E2ROM interface circuit
in an 8085 system is extremely simple. Figure 8
shows the bus interfacing necessary. MEMORY
READ and MEMORY WRITE are issued by the pro-
cessor directly. However, MEMORY WRITE must be
delayed, as shown in Figure 8, to ensure latching of
valid data. CHIP SELECT is generated from the top

GeeQ Technology, Incorporated

5 address bits and 10/M, using a 74LS154 decoder.
The RESET to the 8085 processor also supplies
RESET for the E2ROM interface. Finally, the demul-
tiplexing of address and data lines is accomplished
by a 74LS373 latch triggered by ALE. Alternatively,
an 8212 latch can be used but requires more board
space.

Interfacing to 8088/8086 (Minimum Mode) Systems

The above considerations for implementation of this
solution in an 8085 system also apply to an 8088/
8086 system operation in minimum mode, with two
additions. As above, the processor issues ALE, RD,
WR, and multiplexed address/data. However, an
inverter is required in order to produce !0/M from
M/IO. In addition (for an 8086), another octal latch -
must be added, in order to demultiplex ADg-AD1s.

The time delay indicated in Figure 8 depends on the
type of processor used and its clock frequency. For
a 5 MHz 8088/8086, this time delay should be 100
nanoseconds; for an 8088-2/8086-2 at 8 MHz, it
should be 60 nanoseconds. For a 10 MHz 8086-1, the
time delay should be 50 nanoseconds.

5-14
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LATCH aaf® As
3Q 3 Az
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Figure 8. Bus Interface Circuitry — 8085 System
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Interfacing with 72720 Systems

The 52BXX E2ROM can be interfaced to SEEQ’s new
72720 microcomputer (with 2K x 8 on-board E2ROM)
more easily than to any other processor. The 72720
PRG instruction operates off-board, to program an
external E2ROM. This instruction initiates latching
and timing of WE, as well as presentation of valid
data. These tasks are handled automatically within
the 72720. As a result, the write enable latch circuit
of Figure 1 is not required. Total 52BXX interface
hardware, shown in Figure 9, is very simple, even
including a 74LS373 latch to demultiplex the lower
eight bits of address. The software required for pro-
gramming is shown in Figure 10. This example
subroutine erases and writes one byte.

Interfacing with the 6800

One example of a complete interface between a
6800 processor and a 52BXX is shown in Figure 11.
The DBE signal from the 6800 is delayed for a time
between 250 and 350 nanoseconds, in order to pro-
vide a strobe for valid data. This data strobe clocks

R/W into the flip-flop at the correct time, so that the
falling edge of WE can satisfy timing requirements
with respect to valid address, data, and control
signals.

Conclusion

This application note has been prepared to assist the
designer in implementing the technology of latched
E2ROMs in systems requiring adaptability. The de-
signer is encouraged to create new designs based
on these ideas. E2ROM technology, while still in its
infancy, holds the promise of being the memory
breakthrough for the eighties. With a reliably non-
volatile approach to alterable program memory,
systems for control of avionics, manufacturing, and
data acquisition can be enhanced in usefulness.
With the timing to use the advanced technology of
E2ROMs, the system designer can incorporate more
features now, while allowing still more flexibility for
the future.

Z-Bus, Z8, 28000, Z80A, 280, and Z80B are trademarks of Zilog.
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Figure 9. 72720 Interface

GeeQ Technology, Incorporated
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0 ERRORS
7000 ASSEMBLER REV 1.3
>

0001 9000 HEEEREEREER RN R RERRRERERRERRERRRRERERRKERRRRERRRR
0002 9000 *
0003 9000 * EEROM AUTO ERASE EEFORE WRITE ROUTINE *
0004 9000 * *
0005 9000 * DATA TO EE PROGRAMMED IN REGISTER 102 *
0006 9000 * LOCATION TO EE PROGRAMMED IN REGISTERS 100/101 *
0007 9000 * *
0008 9000 EREEREERRERR R RER R R ER R R ERRERRRRERRRRRERERRERRRRRRS
0010 9000 *
0020 9000 0066 EEDAT EQU R102 DATA TO BE PROGRAMMED
0030 9000 0065 EEADR EQU R101 POINTER TO LOCATION
0040 9000 B8 EEWR PUSH A SAVE ACCUMULATOR
0050 9001 22 MOV %>FF, A 1S LOCATION ALREADY ERASED?

9002 FF
0060 9003 9D CMPA *EEADR

9004 65
0070 9005 EZ JEQ PROG

5006 00
0080 9007 04 PRG ¥EEADR IF NOT PROGRAM WITH FF HEX

9008 65
0090 9009 12 PROG MOV EEDAT, A 1F ERASED PROGRAM DATA

900A 66
0100 900B 04 PRGC *EEADR

900C 65
0110 900D B9 POP A RESTORE ACCUMULATOR
0120 900E 0A RETS . RETURN
0130 900F END

<

Figure 10. 72720 Code for Programming 52B13/33

SYSTEM RESET
NA

R/W [::>c —o OE

PR _
o ol—dWE
e - 172
e N ¢ oxbs 741574
e e cLK
e c — CLR
N A 74L811
es00 74L8154 2.2k SEEQ
MICROPROCESSOR (SEE NOTE) +5 e
G1

n
L
[
O
Zz
o
Q
<
I
w
1a

+5 —ﬁ CC (FOR 52B33)
DBE
Ac-Ato :> Ag-A10

Do-D7 > 1/0¢-1/07

NOTE: THIS ELEMENT OF THE CIRCUIT SHOULD DELAY A
RISING EDGE (A TTL LOW-TO-HIGH TRANSITION)
BY 250 (MIN) TO 350 (MAX} NANOSECONDS.

Figure 11. 6800/52BXX Interface

SeeQ Technology, Incorporated
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Manchester Encoding
and Decoding for
Local Area Networks

Introduction

Ethernet alias IEEE 802.3 CSMA/CD

Ethernet is the first industry-standard protocol for
local area networks supported internationally by
computer manufacturers in the U.S. and Europe.

The first Ethernet local area network was implemented
in Palo Alto, California in 1975 as a joint effort of
Stanford University and Xerox Corporation. Since
then, Ethernet has been expanding in use and accum-
ulating history. Over the years, it has proven to be both
reliable and efficient in a wide variety of local area
network applications.

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. This committee has been
populated by representatives from both U.S. and
European computer manufacturers. After three years
of reviewing and polishing the specification, their work
isaboutto be published by IEEE Press under the name
“|EEE 802.3 CSMA/CD Local Area Network Standard
Protocol.” Itis the result of a collaborative effort of the
|IEEE, the European Computer Manufacturers Associ-
ation, the American National Standards Institute and
dozens of computer industry representatives who
have donated their time and expertise to this
undertaking.

Ethernet alias IEEE 802.3 CSMA/CD uses broadcast
network topology. That is to say, a signal transmit-
ted by any station reaches all other nodes on the
network. This is in contrast to other topology types,
such as “star” and “ring”, which use uni-directional
point-to-point interconnects. Transmitted messages
in Ethernet are “broadcast” on a 500 trunk coaxial
cable segment. Communication nodes are attached
to this cable via passive taps, so that new nodes can
be added at any time without interrupting the net-
work service. Stations on the network can be

addressed individually, in “multicast” groups or by
the “broadcast mode” to all nodes simultaneously.
The broadcast topology is effective for nearly all
network applications, yet it is simple and inexpen-
sive to implement.

The medium- access method is CSMA/CD, Carrier
Sense, Multiple-Access with Collision Detection.
Figures 1 and 2 illustrate the transmit and receive
state diagrams for this access method. The Carrier
Sense function is used to detect activity on the
medium. This information is used both for enabling
the receiver and for avoiding multiple simultaneous
transmissions (collisions) with other transmitters.
When a node has a message to be transmitted, it
begins to transmit as soon as the medium has been
idle for a minimum of 9.6 us, the minimum for inter-
frame gap. If a collision occurs, the stations
transmitting will defer pseudo-random time intervals,
then reattempt the transmission. The CSMA/CD
network is normally a ‘“peer’ network (non-
hierarchical) with every node having equal access to
the medium.

Figure 3 shows a typical CSMA/CD node configura-
tion. In the station equipment or “Data Terminal
Equipment” (DTE), the System Interface connects the
host system bus to the network. This interface varies
depending on the processor used and the system
requirements of the DTE. It could be a direct-memory
access (DMA) type, with or without dedicated buffer
memory, or a FIFO-based interface.

Data Link functions are performed by SEEQ’s 8003
Ethernet Data Link Controller (EDLC™) chip. This
device performs medium access control, data encap-
sulation, data decapsulation and error detection
functions.

GeeQ Technology, Incorporated
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‘ IDLiJ‘

TRANSMIT 1
REQUEST
SIGNAL
TRANSMIT QUALITY
FRAME ERROR
TEST
CARRIER
TIMED
SEI;SE ouT
STOP
TRANSMITTING
BACKOFF
WAIT
TRANSMIT
VA"
PATTERN
STOP REORDER
TRANSMITTING TRANSMISSION
Figure 1. Ethernet/IEEE 802.3 CSMA/CD Transmitter State Diagram
( o )
CARRIER ‘
SENSE
? CONTINUE
RECEIVING
YES FRAME
SYNCHRONIZE
RECEIVER
(8-15 BIT TIMES)
CARRIER
STOP
SENSE RECEIVING

1

START
RECEIVING
FRAME

DISCARD
FRAME

GOOD
FRAME

)

Figure 2. EtherneVIEEE 802.3 CSMA/CD Receiver State Diagram

SeeQ Technology, Incorporated
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AUl
CABLE

TRANSMIT

RECEIVE TRANS-

COLLISION

: 8023A CEIVER
] L

SYSTEM SYSTEM
o S| whsitte K)o
- J [
T T
HOST-DEPENDANT DATALINK
INTERFACE LAYER LAYER

]
PHYSICAL U povra

Figure 3. Ethernet Node Configuration

The Physical Layer functions, carrier sense, collision
signal detection and data encoding and decoding are
performed by SEEQ’s 8023A Manchester Code Con-
verter (MCC™) chip. Manchester Code, illustrated in
Figure 5, is the bit-encoding format used for the trans-
mitted signal on both the Access Unit Interface (AUI)
cable and the Trunk Coax cable.

The AUI cable is optional. The Transceiver or Media
Access Unit (MAU) can plug directly into the Data
Terminal Equipment (DTE) connector without cabling
if desired. The Access Unit Interface consists of 780
balanced, shielded twisted-pair connections, biased at
the DTE end and transformer-coupled at the Trans-
ceiver end.

Besides the passive tap to the Trunk Coax, the Trans-
ceiver provides signal amplification, preconditioning
on the receive side, impedance matching, DC isola-
tion, collision detection and collision signaling
generation.

SEEQ’s Ethernet Chip Family: 8003 EDLC™ Ethernet Data
Link Controllers, 8023A MCC™ Manchester Code Con-
verter.

NO. OF
BYTES: 8 46-1500

| PREAMBLE" Ap As (C ]’ INFORMATION ‘l’ FCS I
6 6 2 4

Figure 4. Ethernet/IEEE 802.3 CSMA/CD Frame Format

Figure 4 shows the IEEE 802.3 CSMA/CD Frame
Format. The frame is divided into six fields. The first is
the Preamble, 8 bytes in length. Alternating 1s and Os
comprising this field serve to synchronize Manchester
decoders for receiving. The next two fields are the
Destination and Source Address fields, each 6 bytes in
length. Next is a byte-count field which contains a
value equal to the number of data bytes in the subse-
quent Information field. The Information field is 46 to
1500 bytes in length. The final field is the Frame
Check Sequence. It contains a 32-bit CRC calcu-
lation performed on the preceding four (4) fields.
(The CRC calculation excludes the Preamble field.)
Total frame length is 72 to 1526 bytes.

In summary, the |IEEE 802.3 CSMA/CD protocol
standard specifies the Data Link and Physical layers of
the protocol which include the following:

Data Link Layer

o Link access method (CSMA/CD)
e Collision-handling method

e CRC error detection method

¢ Node addressing methods

* Frame format

Physical Layer

Medium characteristics

Signaling characteristics

Data Rate 10 MBPS

Carrier Sense Function

Collision detection and signaling

Code for transmitted signal (Manchester Code),

o o o o & o

GeeQ Technology, Incorporated
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CLOCK

SERIAL
DATA

TRANSMITTED
SIGNAL

J

Figure 5. Manchester Code Example

Manchester Code

Manchester Code is the physical signaling code used
in the IEEE 802.3 CSMA/CD protocol.

In Manchester Code, clock and data are combined
such that each bit is encoded by a transition from
low-to-high or high-to-low. This assures that there is
adequate timing information present in the serial data
stream at all times to keep the receiver in synchroniza-
tion with the data pattern. The bit-center transitions
serve a double purpose. They not only encode the bit
being transmitted by the polarity of the transition, but
they also serve to mark precisely where the bit center
is located in time.

Figure 5 shows an example of Manchester-encoded
data. Each serial bit to be transmitted is coded as a
high-to-low or low-to-high voltage transition. AHIGH
or “mark” bit is coded as alow-to-high transition and a
LOW or “space” as a high-to-low. These transitions
are shown to occur at the bit-center position in Figure
5. If adjacent data bits alternate between 1 and 0, only
the bit-center transitions occur, as is the case during
the Preamble. Where two 1s or two Os occur in

sequence, an intervening bit-boundary transition is
inserted to correct the polarity of the line for the next
bit.

The bit-center transitions provide all the necessary
information about both data and clock needed by the
receiver to decode the data stream. Bit-boundary tran-
sitions are used to restore the correct polarity between
two bit cells which are either both Os or both 1s. These
transitions also contain information about both clock
and data, but since it is redundant with the information
provided by the bit-center transitions, its use in the
receiver is optional. In some decoder implementa-
tions, it is an integral part of the decoding algorithm,
and in others it is not used at all. Table 1 gives a
summary of the interpretation of each element of the
code.

Table 1. Elements of Manchester Code

Bit-Center Bit-Boundary
Transition Translition
Data High-to-Low =0 Low-to-High = 0,0
Low-to-High = 1 High-to-Low = 1,1
No Transition =
0,10r1,0
Clock Transition occurs Transition occurs
at Bit-Center Time at 50% Time between
Two Bit-Centers

Manchester Code Converter Functional
Description

Manchester Encoder

Figure 6 shows a typical circuit for implementing the
encoder function. A 20 MHz crystal clock provides
the precise, stable time base required for the trans-
mitted signal. This clock must be within 0.01% of its
nominal value to conform to the |IEEE 802.3
CSMA/CD specification. The clock output drives two

TxEN

LPBK

D

XTAL
CLOCK

20 MHz CLOCK

f0h

Tx

Txt+
Tx—

P

TxC

TxD

CcK

Figure 6. Basic Manchester Encoder

SeeQ Technology, Incorporated
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1 0 o
LN )
Tx l
LN
1 o 1 1 0 0
Figure 7. Timing Diagram for Encoder in Figure 6
Carrier Sense Function L4

D-type flip-flops. The flip-flop on the left divides the
frequency by 2 and provides true and complement
clock outputs at 10 MHz (TxC and TxC). TxC is used by
the 8003 EDLC™ chip to shift out the bits of the frame,
one at a time, to the Encoder over the TxD line. The
flip-flop on the right samples the TxD data line once
every 100 ns when the TxC line is high and its clock
input goes high. At this time, the complement of the
data is loaded into this flip-flop and driven out on the
Tx+/— pair. Fifty nanoseconds later, the flip-flop is
clocked again. Thistime TxC is low and Qis fed back,
inverted to the D input, thus the flip-flop always tog-
gles, encoding the bit-center transition. Fifty
nanoseconds later the next bit is inverted and loaded
into the encoding flip-flop and the process continues.

The output driver is enabled and disabled by the logi-
cal AND of TxEN and LPBK. Thus, TxEN will enable
the output driver except during loopback operation
when the driver is unconditionally disabled. This driver
can interface directly to the 78(} twisted pair in the
Access Unit Interface (AUl cable.

An example of encbder operation timing is given in
Figure 7.

Collision Signal Detector

The Collision Signal isa 10 MHz carrier transmitted by
the Transceiver over the Control In pair of the AUI
cable. It is transmitted under two distinct circum-
stances as follows: 1. A collision or other signal-quality
error occurs on the trunk coax medium, or 2. Imme-
diately following a successful transmission from the
associated DTE, a brief burst of Collision Signal is
given to test the signaling mechanism. The DTE
detects this signaling and takes appropriate action.

The medium is continuously monitored for activity by
every node. The medium is considered idle if and only
if there are no transitions occuring. Detecting the
presence or absence of transitions is done in the DTE
Physical Layer circuitry. This information is used to
enable the receiver circuits and to prevent collisions
with other transmitting nodes.

Manchester Decoder

A basic delay-type Manchester decoder is shown in
Figure 8. At the input, a 2-input multiplexer selects the
signal source, either the receiver input or, for loop-
back, the transmitter output. The LPBK line controls
this selection. Refer also to the timing example in
Figure 9 for the operating description to follow.

Synchronization during Preamble

Since the Preamble consists of alternating 1s and Os,
there are no bit-boundary transitions during syn-
chronization. All transitions in the Preamble are
bit-center transitions. This fact is key to decoders
becoming properly synchronized, which would other-
wise be more difficult.

Just prior to the Preamble of a new frame, the decod-

er's input will be idle. In general, its decoding flip-flop
will be in an arbitrary state. The first transition of the

LPBK

r————CD—————’ Rxc’
Tx
I—— 50 ns
-

MUX D a

)

Rx —]

ck Q-

75ns

Figure 8. Basic Delay-Type Manchester Encoder

GeeQ Technology, Incorporated
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frame is a low-to-high transition encoding the first bit
of the Preamble (= 1). Seventy-five nanoseconds after
this first bit-center transition occurs, the change prop-
agates through the exclusive-OR gate and comple-
ments the clock. Since the flip-flop was in an arbitrary
state, the first bit-center transition may or may not
clock the flip-flop (only a positive-going transition is
active). If Q =1, the clock will go low and the flop-flop
will not change states. If Q =0, the clock will go high,
transferring the level on the D input to the flip-flop.
This happens 25 ns before the next bit-center transi-
tion, which is the normal Rx sampling time for this
decoder (25 ns before bit-center). At that time, Rx will
be the complement of the data for the current bit. The
second bit of the Preamble is a 0, so in the latter case
where initially Q =0, it will change to 1. Therefore, 75
ns after the first bit-center transition, the flip-flop
acquires the right state for the second bit of the frame.
Q now equals 0 = RxD. This type of decoder acquires
RxD synchronization after only one bit time.

) Decoding in Operation

Refer to Figures 8 and 9 for this explanation. During
frame reception, the decoding flip-flop is clocked
75 ns after each bit-center transition by the bit-
center transition itself, propagating through the
75 ns delay line. Seventy-five nanoseconds after the
last bit center is 25 nanoseconds before the next. At
that time, the Rx line is sampled, transferring the
current bit to the Q output of the flip-flop. Fifty
nanoseconds later, the clock line is complemented,
making the exclusive-OR output low, by one of two

mutually exclusive events: 1. Either Q changed after
the Rx sample because the previous bit and the cur-
rent bit are opposites, or 2. There was a
bit-boundary transition between the previous bit and
the current bit because they are like bits. In the first
case, the change in Q propagates through the 50 ns
delay and then complements the clock. In the
second case, the bit-boundary transition propagates
through the 75 ns delay and compliements the clock.
In either case, the exclusive-OR output goes low 25
ns after the bit center time. The clock is then ready
for the next Rx sample, 50 ns later.

8023A MCC™ Manchester Code Converter
CMOS IC

The 8023A MCC™ provides all the station-resident
functions required for the Physical Layer of the Ethernet
protocol. It provides coding and decoding of the
transmitted signal, carrier sense, collision signaling
detection, loopback and crystal clock for transmit
timing.

Figure 10 is a block diagram of the 8023A. On the
left-hand side of the drawing are the 7 signal lines
which connect to the 8003, plus LPBK /WDTD, the
loop-back/watch dog timer control signal. On the
right are the three 78Q twisted pair connections for
the Access Unit Interface, Transmit, Receive and
Collision.

The 8023A chip provides all active circuits required
for the Physical Layer functions of Ethernet. Only 10
passive components are needed to apply the 8023A
as shown in Figure 11.

1

Rx

75 ns

/7 \\\

DELAYEDRx ?

a '/

1
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prd
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RxD ?

e

[«——— 50 ns

AN

DELAYEDQ ?

'\

%4

RxC

g

A
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Figure 9. Timing Diagram for Delay-Type Decoder in Figure 8
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Figure 10. 8023A MCC™ Manchester Code Converter Block Diagram

8023A Manchester Code Converter Features:

SeeQ Technology, Incorporated

Compatible with IEEE 802.3 CSMA/CD
Specification (Ethernet)

Compatible with SEEQ 8003 EDLC™ and
Intel 82586

Low-power CMOS Technology
10 MBPS Data Rate
20 MHz crystal oscillator on chip

Phase-locked Loop decoder for optimum
jitter tolerance

Collision signaling detector on chip
Loopback capability for diagnostics
Drives 78() transmit twisted pair directly
No additional active components required

Performs all DTE-resident Physical Layer
protocol functions

Single +5 V supply
0.3 in. 20-pin package
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Interfacing the 8003 EDLC™
to a 16-Bit Bus

Introduction

The SEEQ 8003 Ethernet Data Link Controller (EDLC™)
chip together with the SEEQ 8023A Manchester Code
Converter (MCC™) chip provide an economical two-
chip solution for the Data Link Layer and Physical
Layer of the Ethernet protocol. These chips are fully
Ethernet compatible and suitable for use in terminals,
personal computers, workstations, printers, disk drives
and host computers.

The 8003 is a VLSI data link controller chip in a 40-
pin package. It replaces approximately 60 MSI and
SSI components in a typical Ethernet node configura-
tion. The choice of which one to use is governed by
the system interface requirements for the design. The
8003 provides protocol functions like frame format-
ting, link access control and error control. The part is
optimized for Direct Memory Access technigues for
frame storage.

The 8023A MCC™ Manchester Code Converter per-
forms the signal encoding and decoding in Manchester
Code at 10 million bits per second. It also monitors
the channel for “carrier” and “collisions” (two nodes
transmit simultaneously). Low-power CMOS technol-
ogy is used in the 8023A, which is in the 0.3 inch
20-pin package.

Ethernet Node Configuration

A typical Ethernet node is shown in Figure 1. The
System Interface on the left connects the host sys-
tem bus to the network. This interface varies
depending on processor and system requirements.

The station-resident hardware, consisting of the Sys-
tem Interface, the 8003 EDLC™ chip and the 8023A

SeeQ Technology, Incorporated

MCC™ chip, is connected to the Transceiver by the
Access Unit Interface (AUI) cable. This cable consists
of 78Q balanced, shielded twisted-pair connections,
DC biased at the station end and transformer-coupled
at the Transceiver end.

Besides a passive tap to the Trunk Coax, the trans-
ceiver provides signal amplification, preconditioning
on the receive path, impedance matching, DC isola-
tion, collision detection and collision signaling
generation. DC power for the Transceiver circuits is
provided through the cable.

Host-Dependent System Interface

There are three basic methods for interfacing the
CSMA/CD channel to the system bus. The first one
employs First-In, First-Out (FIFO) buffer memory to
temporarily hold the transmit and receive frames. On
the system-bus side of the FIFOs, data is transferred
serially a byte at a time by the processor. The second
method uses Direct Memory Access to transfer data
directly between the Ethernet Data Link Controller
and the system memory. In the third method, Direct
Memory Access is also used, this time with a tempo-
rary buffer memory intervening between the system
memory and the EDLC™ chip. The intervening buffer
relieves the system bus of some of the traffic and
timing requirements associated with the channel.
(For more information on DMA-type interfaces, see
SEEQ’s Application Brief 6).
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Figure 1. Ethernet Node Configuration

|EEE 802.3 CSMA/CD Standard Protocol for
Local Area Networks (Alias Ethernet)

The first Ethernet local area network was
implemented in Palo Alto, California in 1975 as
a joint effort of Stanford University and Xerox
Corporation. Since 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 network applica-
tions. As a result, it has become the first
industry-standard protocol for local area net-
works, supported internationally by computer
manufacturers in the U.S. and Europe.

In 1980 the Institute of Electrical and Electron-
ics Engineers (IEEE) sponsored a committee to
review, document and publish this protocol as
an international industry standard. After three
years of review and refinement, this specifica-
tion is about to be published by IEEE Press
under the title /EEE 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.

CSMA/CD — Carrier Sense, Multiple Access
with Collision Detection
CSMA/CD: This expression describes the

medium access method used in Ethernet alias
IEEE 802.3 CSMA/CD. 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,
however, two or more nodes start to transmit
simultaneously, it is called a collision. Collision
Detection means that all nodes can detect a
collision by monitoring the medium. When a
collision occurs, the transmitting nodes resolve
which will retransmit first bv differential backoff
timing.

Data is transmitted in “packets” or “frames”
which begin with a preamble for synchroniza-
tion 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. :

The physical signaling format used in Ethernet
is baseband Manchester Code transmitted at a
rate of 10 million bits per second. In Manches-
ter 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-low. In this way there
is a continuous supply of bit-framing informa-
tion for the receiver, since the transmitted
signal is never stationary for more than one bit
time.

GeeQ Technology, Incorporated
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Interface Techniques for 16-Bit Busses

Ethernet is a byte-oriented protocol. That is to say,
the smallest unit of data which can be transmitted is
a byte. Hence, the 8003 EDLC™ chip has byte-wide
data bus. Whether the System Interface is the FIFO-
buffer type or the DMA type, the data transfers to and
from the 8003 are byte-wide. This application brief
describes some techniques for interfacing this byte-
wide communication channel to a 16-bit wide bus.

In designing an Ethernet node, trade-offs have to be
made between processing speed and communica-
tion speed, cost and performance, flexibility and
simplicity, etc. The right balance may be different for
each piece of equipment designed, depending on its
purpose and system requirements. In order to help
you strike the right balance for your design, several
interface techniques will be given in the following
sections. They are covered in order of increasing
cost/complexity/performance.

In an 8-bit system, the 8003 can be interfaced
directly to the data bus as shown in Figure 2. The
RxTxDO0-7 bus is the bus for transferring frame data.
It connects to the internal 16-byte transmit and
receive FIFOs. The CdSt0-7 bus is a separate input/
output port for control and status. It interfaces to the
system bus so that the processor has direct access
to all command and status bits. In a 16-bit system,
CdSt0-7 would connect either to the upper or lower
data byte.

Split-Word 16-Bit Data Interface

Refer to Figure 3 for a circuit diagram of this tech-
nique. The split-word method splits the 16-bit word
into two halves, using one half for transmit data and
the other for receive data. In Figure 3, the upper byte
of the system data bus is used for the transmit
memory buffer and the lower half for receive. Two
74L.S244 tristate buffers isolate the system bus lines
from the RxTxDO0-7 bus of the 8003. The upper
74L.8244 is enabled by TxACK from the DMA Con-
troller. TXACK is the DMA Acknowledge signal for
the transmit channel. When enabled, this buffer
transfers a byte of data from the upper byte of sys-
tem memory to the 8003’s Transmit FIFO. Similarly,
the lower 74L.5244 transfers data from the 8003's
Receive FIFO to the lower byte of system memory.
Configured in this way, the transmit and receive
buffers in system memory can occupy the same
word-address space.

Full-Word 16-Bit Interface Using Byte-Wide Memory
Transfers

Another type of 16-bit interface is one that assem-
bles and disassembles words by transferring the
upper byte and the lower byte separately. For exam-
ple, suppose the convention is chosen that the upper
byte is to be the first of the two bytes to be transmit-
ted and the lower byte the second. Then the first
byte of a frame and all odd-numbered bytes are
always transferred to/from the upper byte of
memory, and the second and all even-numbered
bytes to/from the lower.

M CdSto.7

8003

- N,

7

DATA BUS

TxACK*
Dg.15 Do.7

HI DATA LO DATA

7418244
BUFFER

RxACK*
8003
XRi

2|
ol

74LS244
BUFFER

RxTxDg.7

DATA BUS *FROM DMA CONTROLLER

Figure 2. 8-Bit DMA Data Interface

Figure 3. Split-Word 16-Bit DMA Data Interface

SeeQ Technology, Incorporated
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The data interface for this approach is a variation of
the one shown in Figure 3. Two tristate buffers are
replaced by two bi-directional transceivers. AQ, the
least-significant bit of the DMA Controller’s address
is decoded with TXACK and RxACK to enable the
transceivers. The more significant address bits from
the DMA Controller, A1 through Ay, are used as the
memory address. Upper and lower memory strobes
are also controlled by AQ. Refer to Table 1 for the
truth table.

This is the simpler and more economical of two
“Full-Word” data interfaces described in this applica-
tion brief. The other one, shown in Figure 5,
assembles and disassembles words in registers, and
transfers 16 bits at a time. The advantage of the lat-
ter approach is in saving bus bandwidth, since it
uses half as many bus cycles to transfer the same
amount of data; but there is some additional cost in
hardware.

Table 1. A0 Address Decoding for Full-Word 16-Bit Interface Using Byte-wide Memory Transfers

DMA Controller Transceiver Enabled
Outputs Toward (Memory; 1/0) Memory Activity
A0 TxACK RxACK Upper Lower Upper Lower
0 0 1 1/0 —_ Read —
1 0 1 — 1/0 — Read
0 1 0 Memory - Write —
1 1 0 . Memory — Write

Note: — indicates not active.

a. No Request, No Wait

TRANSFER

PAUSE DATA

c. With Request and Acknowledge

REQUEST ASSERTED ACKNOW-

LEDGE

TRANSFER
DATA

b. With Request

NO
REQUEST

REQUEST ASSERTED TRANSFER

DATA

d. With Request, Acknowledge and Bus Arbitration

BUS

NO
REQUEST

REQUEST ASSERTED

BUS
ACQUIRED

TRANSFER ACKNOW-
DATA LEDGE

Figure 4. Data Transfer State Diagrams — Four Types

SeeQ Technology, Incorporated
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Four types of data transfers are shown in Fig-
ure 4. The first, labeled a, is an unconditional
transfer sequence such as the type that would
be used to refresh a CRT screen. This type has
no use in an Ethernet interface since it is not
controlled by availability of storage space or
stored data.

The diagram in Figure 4 Part b, illustrates a
transfer which is initiated “on demand”. The
transfer takes place only when a “request” is
given. An example of this type is data moved
by a processor on its own synchronous bus.
Physically the request is generated by the pro-
cessor, manifesting itself as a set of
bus-controls, and an address.

Part c illustrates a transfer that is requested by
one entity and acknowledged by another. The
acknowledge signal is used to notify the
requesting entity that the transfer is about to
take place. This implementation provides the
requesting entity verification that the transfer is
taking place. The diagram represents the
response of the acknowledging party to the
request. The requesting party normally waits
for the acknowledgement to occur. This allows
the acknowledging party to delay, if necessary,
for data access. This mechanism is used on
asynchronous busses, like that of the 68000
microprocessor.

The diagram in Part d is that of a transfer with
request, acknowledge, and bus arbitration. This
implementation is one that is used to transfer
information using a DMA controller on the
main system bus. There are actually two
request/acknowledgement sequences in this
transfer, one for bus acquisition and one to
transfer information on the acquired bus.
Initially a request generated by one of the two
“transferees” queues the DMA controller to exit
its idle state, and arbitrate for the system bus
by generating a “bus request” signal. When the
bus master relinquishes the bus, a “bus grant”
acknowledgement is received, notifying the
DMA controller that it now owns the bus. The
DMA controller then performs the transfer, or
transfers, by generating a “DMA Acknowledge”
to the original requesting device, and generat-
ing the appropriate addresses and read/write
control signals. Finally the sequence is termi-
nated with control of the bus returning to the
main processor through another arbitration.

Diagrams like these can be used to design
state machine programs for interfaces like the
one in Figure 5, which employs a single-chip
state machine.

Helpful Hints for State Machine Designers

As with writing a program, it is desirable to
start with a “flow chart’ or “state diagram”.
Examples of state diagrams can be seen in
Figure 4. The following are the definitions used
in the circle-and-arrow state diagrams used
here.

1. Each circle represents a single physical
machine state or an unconditional sequence
of machine states such that there are no
‘“‘hidden branches' omitted from the
diagram.

2. All conditional branches, and wait states
(which may be viewed as conditional
branches) are indicated explicitly by arrows.
Each arrow is labeled with the condition
which determines the branch.

Following these or similar guidelines will help
to avoid unforseen anomalies in the operating
flow.

Care should be taken in defining the programs
for state machines when inputs are asynch-
ronous with respect to the state-register clock.
Problems can result when making a conditional
branch based on an asynchronous input. Such
problems can cause intermittent branching
failures with possibilities of perverse conse-
quences. Intermittency makes this type of
problem hard to diagnose, so it pays off to
avoid them by following these design rules:

1. When a branch is conditional on an asynch-
ronous input bit, assign next-state addresses
such that only one state-register flip-flop is
affected by the asynchronous bit.

2. For a 3 or more-way conditional branch
based on more than one independent
asynchronous bit, break it down into inde-
pendent 2-way branches which conform to
rule 1.

3. For inputs which are mutually-dependent
combinations of 2 or more bits, it is best to
synchronize them with an input register
whose clock is synchronized to the state-
register clock.

When you have finished the state diagram, you
have defined the operating program design.
The next step is to choose the hardware that
can run your program most efficiently.

After choosing the hardware, you can translate
the state diagram, verbatim into program code
for the state machine.

GeeQ Technology, Incorporated
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Figure 5. 16-Bit Full-Word DMA Data Interface with 8237/9517 Using Registered 1/0 Ports

Full-Word 16-Bit Interface Using Registered
1/0 Ports

This data interface method assembles/disassembles
16-bit words in a pair of 8-bit registered 1/0O ports.
The data transfers between the memory and the I/O
ports are 16 bits wide. Transfers between the ports
and the 8003 EDLC™ chip are byte-wide.

Registered 1/O ports are configured by taking two
8-bit D-type registers with tri-state outputs and con-
necting them front-to-back. The result is two 8-bit
bus connections, each connected to the D inputs of
one register and the tri-state outputs of the other.
The port has two register clocks and two output-
enable controls. An example of such a chip is the
74L.S652. The more popular 8-bit registered /O port
chips on the market are in the 0.3 inch 24-pin
package.

This interface technique can be used with some
variation for any of the three basic types of system
interface, i.e. 1. with FIFO frame buffers, 2. with
DMA to off-line frame buffers or 3. with DMA to sys-
tem memory.

A state machine is used to sequence the assembly
and disassembly processes. Programmable single-
chip state machines and logic blocks, available from
multiple sources, are excellent for this type of
design. Most are field-programmable one time by
burning fuseable links. Normally, the state machine
portion of the design can be done in one or two
chips.

A circuit example with the 8237/9517 DMA Con-
troller appears in Figure 5. A single-chip state
machine, such as the Signetics 825159 or 82S105A,
coordinates the timing for all other components.
Two 74L.S652s are the two registered I/O ports. The
bus lines on the right side of the ports are com-
moned to make an 8-bit connection to the RxTxD0-7
pins of the 8003. On the left, the 16 port lines con-
nect to the data bus.

Most of the command signals associated with data

transfer are sequenced by the state machine. DMA
requests (REQO and REQ?1), port output-enable line

SeeQ Technology, Incorporated
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OEB, register clock CKB, Transmit FIFO write
(TxWR) and Receive FIFO read (RxRD) are all under
state machine control. Output-enable OEA and
register clock CKA are controlled by the DMA
Acknowledge lines. All the status lines for data
transfer connect to the state machine’s inputs.

Figures 6 and 7 summarize the state-machine state
diagrams for the application in Figure 5. Refer to
Figure 6 for the word disassembly diagram. The dis-
assembly process starts with a DMA request issued
to the DMA’s transmit channel. If the channel is not
enabled, no acknowledge will be given and the state
machine will remain in the DMA Request State. If the
channel is enabled, the DMA Controller will request
and acquire the system bus, then issue the DMA
Acknowledge. A 16-bit word of data is then read
from system memory into the two ports. The next
state is Idle 1. Here the state machine waits for a
TxRDY ready signal from the 8003 if not already
present. When TxRDY is high, the machine goes to
the Read First Byte State. This state moves the
upper data byte from the upper port into the Trans-
mit FIFO of the 8003. Another idle state occurs
where TxRDY is checked for Transmit FIFO readi-
ness. When ready, the lower data byte from the
lower port is moved to the Transmit FIFO, ending
the cycle.

Refer to Figure 7 for the word assembly state dia-
gram. Word assembly starts in the Idle 1 State. Here,
the state machine waits for a signal from the Receive
FIFO (RxRDY pin) indicating data is present. When
RxRDY is high, the machine advances to load the
first byte of the word being assembled to the upper
port. As the data is read out of the FIFO, the 8003’s
EOF line is tested to determine if it is the last byte of
the frame. If it is, reading of the second byte is
skipped. If not, the Idle 2 State is entered. When
ready, the second byte will be loaded into the lower
port. Then a DMA Request is given. The DMA Con-
troller will then request the bus, acquire it and give
the DMA Acknowiedge. Then the state machine
passes through the Transfer State, writing the 16-bit
word to system memory. That ends the word
assembly cycle.

Further References Available from SEEQ
8023A MCC™ Data Sheet
8003 EDLC™ Data Sheet

Application Note 3: Manchester Encoding and De-
coding for Local Area Networks

Application Brief 6: DMA Interconnection to the
8003 EDLC™

NO
ACKNOWLEDGE

DMA
REQUEST

TRANSFER
16-BIT
WORD

TRANSFER
16-BIT
WORD

DMA
ACKNOWLEDGE

REQUEST
DMA

NO
ACKNOWLEDGE

Figure 6. State Diagram for 16-Bit Word Disassembly

Figure 7. State Diagram for 16-Bit Word Assembly

SeeQ Technology, Incorporated
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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 MS| 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 50Q 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 alias IEEE 802.3 CSMA/CD

The first Ethernet local area network was impie-
mented in Palo Alto, California in 1975 as a joint
effort of Stanford University and Xerox Corp. Since

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 /EEE 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.

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

CSMA/CD: This expression describes the medium
access method used in Ethernet alias IEEE 802.3
CSMA/CD. 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

SeeQ Technology, Incorporated
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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.

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-low. 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.

AUl
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SYSTEM
INTERFACE

SYSTEM
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TRANSMIT l

8023A RECEIVE < )

COLLISION

TRANS-
CEIVER

1 J L

T
HOST-DEPENDANT
INTERFACE

r -
DATA LINK
LAYER

TRUNK

PHYSICAL COAX

LAYER

U

Figure 1. Ethernet Node Configuration

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 10 million bits per second.

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 (AUl) cable. This cable consists
78(1 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.

GeeQ Technology, Incorporated
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Figure 2. SEEQ’s Ethernet Chip Family: 8003 EDLC™
Ethernet Data Link Controller, 8023A MCC™ Manchest

DMA DIRECTLY TO/FROM
SYSTEM MEMORY

SYSTEM
BUS 8003

1

DMA
CONTROLLER

DMA WITH DEDICATED BUFFERS

TRANSMIT
BUFFER

—————— 8003

DMA
CONTROLLER

SYSTEM
BUS

RECEIVE
BUFFER

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 wrll be
the subject of the following sections.

DMA 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

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 Controlier
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
Bytes/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.

SeeQ Technology, Incorporated
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Cycle-steal 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 overfiow.

8003/DMA Node Hardware

The 8003 has an. 8-bit bi-directional data bus
(RxTxDg-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 unti! the Receive FIFO
is empty, indicated by a tow 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 “off-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.

BUS

NO DMA
REQUEST

DMA REQUEST

BUS
| ACQUIRED

TRANSFER
DATA

NO DMA
REQUEST

BUS

DMA REQUEST BUS
ARBITRATION,

BUS
ACQUIRED

TRANSFER
DATA

Figure 4. DMA Cycle-steal Mode State Diagram

Figure 5. DMA Burst Mode State Diagram
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For this design, the RxTxDo-7 Receive/Transmit
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

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.

0o
—

SYSTEM
MEMORY < > RxTxDg.7
8003
A
{ <
= > e
2 o DMA DMA
REQUEST ACKNOWLEDGE
PROCESSOR C 2 CT);NANEL
:> CONTROLLER
BUS REQUEST
BUS GRANT
SYSTEM
BUS
Figure 6. Data Interface for DMA Directly to/from System Memory
SYSTEM
— < P
8003
4
W <
& Iz 2
] Q Rw/Tx DMA DMA
< BUFFER REQUEST ACKNOWLEDGE
i h— MEmORY
PROCESSOR : : 4 CHANNEL
N DMA
_/ CONTROLLER
BUS REQUEST
BUS GRANT

AV V4

SYSTEM
BUS

Figure 7. Data Interface for DMA with Buffer Memory

GeeQ Technology, Incorporated

5-39

[%2]
w
-
(@]
z
Q
a
<
-1
w
«




Command Status Interface

The Command/Status ‘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
“CdSt0-7” in the figure. Three address lines, Ag, A4
and Aj 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 (INT) 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 Channe! 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

Channel 1, the DMA Controller will issue simultane-
ously a DMA acknowledge (on DACK1) and an
input/output- write (IOW), 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 (IOR). 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 0. )

o & S coster
b
. o—
ADDRESS/ cs
CONTROL < % DECODER
BUS o—— 8003
WR
o————— RD
—»| Ao
1 A1
A2
INTERRUPT
REQUEST INT

ow
TxWR
DACK1
8237/9517
QUAD DMA 8003
CONTROLLER
EOP EOF
DACKN
AxXRD
ioR X
DREQ1 TxRDY
DREQO RxRDY

Figure 8. Control/Status Interface
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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 TxXWR 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 (INT) is used to drive it. A
low on PCL1 will interrupt the processor to read the

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.

GeeQ Technology, Incorporated

5-41

%)
w
-
o
P4
a
a
<
.|
w
o




Memory Products
Application Note

GA

E’ROM
INTERFACING

Technology, Incorporated




Contents

Page
INtrOdUCHION o o e 5-44
Basic Operation .........oiiiiiiiii e 5-45
Microprocessor Interfaces
8085 Interface ........ B 5-47
ZB0 INterfaCe ..t e e e e et e e 5-50
8088 INtErfaCE ...ttt ittt i i e e e e e e 5-54
8086 INterface ... vvet vt i e i i e i i 5-56
71840 (Z8) Interface ......... e et e e 5-57
CONCIUSION e e e 5-60

n
w
[
o
4
Q
Q
<
-l
w
[+

GeeQ ‘Technology, Incorporated

5-43



E2ROM 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 EEROM 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 52B33

TIMER
SEEQ 2864

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 64K).
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. )

GeeQ Technology, incorporated
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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.

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 EROM 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
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Figure 2a. Latched E2ROM Write Cycle
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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 EZROM interface is very simple,
but very important. A read operation for both latched
and timer E?ROM devices is accomplished by a
straightforward issuance of a microprocessor Read

S U

)T

Figure 3. Latched/Timer Compatible E2EROM Write Cycle

N

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 EROM and to know
when the E2ROM is available for another read/write
cycle. The duration of the timeout (typ) depends upon
the type of E2ROM used. For all_types, typ 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 (typ). In software
timing, the processor simply counts down, waiting for
the desired tyyp. 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.
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3. This parameter is periodically sampled.

Figure 4. E2ROM Read Cycle
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Figure 5. Software Flowchart — E2ROM Write Cycle
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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

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 74LS74 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

SYSTEM RESET
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Figure 6. 8085/E2ROM Interface
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OR a latched E2ROM device with no change required Initiating a write cycle requires the software control
to the controlling software or hardware. The following routine as charted in Figure 5. Should the reader desire
discussion of the operation of the 8085 interface relies a specific example, the Z80 code (see Figure 12) is
on the 8085 timing diagram summary for read and transportable to the 8085.

write cycles shown in Figures 7a and 7b respectively.

Ag-A15 i ADDRESS 8
TTTTTT
ADg-AD7 X ADDRESS >———ﬂ DON'T CARE D( DATAIN >__C
INEENY]
ALE / \ /
RD/INTA \ /

Figure 7a. 8085 Read Timing Summary

ok \ / \ / \ / \ ;
Ag-Ars X ADDRESS X

ADg-AD7 x ADDRESS X DATA OUT x

. \ /

Figure 7b. 8085 Write Timing Summary
. 'y
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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 (B) ). 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

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.
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WRITE CYCLE

INITIATION TERMINATION
e
2}
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7
ADg-AD7 ' ADDR N DATA m N ADDR E E E } \-
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) 7
WR ~ fJ
RD =0E
CLK !
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CLKW
£ ra
) 7
e -
) 7
(—:—E {
| " N
w 3
—f =
® ® ¢ :
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Figure 8. Timing Diagram — 8085/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 10). At the falling
edge of WR (when this device is selected), the WE latch

is clocked, bringing WE active low (see in Figure
10). 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 fali-
ing edge of WR, the gating circuitry brings CE high ,
latching data for the timer type part (see &‘D in Figure
10). 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 Z80B 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.
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Figure 9. Z80/E2ROM Interface
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Figure 10. Timing Diagram — E2ZROM 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 in Figure 10). 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

~

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 tg 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.

GeeQ Technology, Incorporated
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Figure 11. Z80 Read and Write Cycle
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EEWRZ80. 1

LOC OFJ CODE M STMT SQURCE STATEMENT ASM 5.9
175
176  jmmmmmmmm s e e eeeo oo
177 y Z80 EEROM Write routine.
178 ; Incorporates auto-erase and timing
179 ; in software.
180 ; Accepts: address to be written: Reg DE
181 3 Data to be written: Reg E
182 ; Uses: A, B, D, E Destroys: A
183 - -memmmmmmsomse oo R
184
009B 3EFF 185 EEWR: LD A, OFFH ; FF for erasure.
009D 12 186 LD (DE), A 3 BEGIN ERASE
009E CDAEOO 187 CALL WaitTwp
00A1 1A 188 LD A, (DE) ; END ERASE
189
00A2 78 190 LD AR 1 Data to be written
00A3 12 191 LD (DE), A 3 BEGIN WRITE
00A4 CDAEQO 192 CALL WaitTwp
00A7 1A 192 LD A, (DE) ; Read to end Write
00AS 1A 194 . LD A, (DE) ; Read to Verify
00A9 B8 185 cP B i Check Verification
00AA C2C800 196 JP NZ, ERR!
00AD co 197 RET
198
193
200 §e---eemcescoemmmem oo

3
201 §; Wait routine for EEROM Byte/ Erase
202 § Uses: Registers A, E,C
Y

203 Destroys: A,C

204 - sm-m-osemeoceomoeeomee oo
00AE 78 205 WaitTwp:LD A E

206 ; Store E reg in TMP1
00AF 2202C0 207 LD (TMP1),A

208

209 ; Set timing constant for Twp,

210 ; This 16-bit constant is loaded

211 § into Registers EC, and depends

212 4 on the speed of the CPU clock.
00B2 3IE07 213 LD A, 07
00B4 47 214 LD B A
00BS 3E06 215 LD A, 06
00B7 4F 216 LD C,A

217

218 ; The following loop performs the wait,

219 3 by decrementing BC until the 16-bit

220 3 number contained in BC equals zero.

221
00E8 3E00 222 LD A, 00H
00BA OF 223 More: DEC BC
00EB B8 224 cP E &8
Q0BC C2BA00 225 JP NZ, More -
00BF B9 226 CcpP [9 O
00CO CZBA00 227 JP NZ, More z
00C3 3A02C0 228 DUN: LD A, (TMP1) ; Restore B Reg &
00Ce 47 229 LD B A <
00C7? c9 230 RET 3

w
o

Figure 12. Z80 E2ROM Erase/Write Routine

GeeQ Technology, Incorporated
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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 E?ROM 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 resuit of a
TTL load. A CMOS NOR package, such as a 74C02 or

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.

cwomorn /TN TN NN

10/M, S50 X

Ats-Ag X

A15-Ag (FLOAT DURING INTA)

X
X
X

A19/S6-A16/S3 X Atg-A16 x $7-S3
ALE /’-
I A,
AD7-ADg AD7-Al >—< DATAIN >-—————<
7 X Lo FLOAT FLOAT
READ CYCLE
____(NOTE 1)
(WR, =VoH)
Wb \ /
N
AD7-ADp >( AD7-ADg X DATA OUT x
WRITE CYCLE '
NOTE 1
~

Figure 13. 8088/8086 Bus Timing — Minimum Mode
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*Ag-A1g: ADDRRESS SIGNALS MULTIPLEXED WITH STATUS AND DATA SIGNALS MUST BE DEMULTIPLEXED USING OCTAL LATCHES.

Figure 15. Timing Diagram — 8088/8086 E2ROM Interface

80@6 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).

GeeQ Technology, Incorporated
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i
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OCTAL
LATCH

7
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Figure 16. E2ROM Interface — 8086 (Minimum Mode)

71840 (Z8) Interface

An example E?ROM interface is presented for the
71840 (see Figure 17). SEEQ’s 71840 is a single-chip
microcomputer, with 4K x 8 of EPROM and 244 bytes
of RAM, which is otherwise compatible with the Z8.
Using the architecture and code of the Z8, the 71840
has a logical instruction set, pipelined execution, and a

high degree of flexibility, while providing the additional
features of Silicon Security™ and EPROM program-
ming. The interface shown includes the octal latch,
used to demultiplex the eight address/data bits for the
E2ROM. The rest of the circuit acts to produce the con-
trol signals shown in Figure 3.

SeeQ Technology, Incorporated
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Figure 17. 71840/E2ROM Interface
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The operation of the remaining circuitry in write cycle
initiation is very simple. The following explanation
refers to the timing diagram presented in Figure 18. To
initiate the write cycle, the 71840 issues a Write com-
mand to the E°ROM device. After addresses become
valid, the decoder brings SEL active low (see @1
Figure 18). Subsequently, the falling edge of DATA
STROBE (D3) clocks R/W into the WE flip-flop, initiat-
ing a write cycle by bringing WE active low (see @ in
Figure 18). At this time, the latched E2ROM latches
address, data, and control signals.

At the trailing (rising) edge of DS, the gating circuitry
inhibits CE, and CE is brought to ViH (see in Figure
18). At this point, the timer E2ROM latches data and

initiates its write cycle. Both devices have begun the
write cycle; now the system is able to time out the write
cycle, in order to complete storage of charge within the
E2ROM cell.

The termination of the write cycle occurs with equal
simplicity (see Figure 18). When the processor reads
from the E2ROM, the rising edge of DS causes the WE

flip-flop to be preset. This brings WE high (see @ in
Figure 18), ending the write cycle.

An example software driver routine is provided for the
71840 (see Figure 19). This routine will handle initiation,
timing, and termination of a write cycle, as well as
automatic erasure of the byte to be programmed.

1 |

e

Ag-Ats N VALID

VALID

1 |

ADg-AD7 u Ap-A7 ' Do-D7 X

NN

Ag-A7 )

R/W s\

NS

s

2
{

SHH

¢

DATA STROBE

CLKW

)

1
AR T
117 il
[\
/7._

—I

NN

-

-

-

® ® ©

T

*Ag-A7: ADDRRESS SIGNALS MULTIPLEXED WITH DATA SIGNALS MUST BE DEMULTIPLEXED USING OCTAL LATCHES.

Figure 18. Timing Diagram — 71840/E2ROM Interface
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186 //----==-=cccmra e -
187 // The following is a general routine for writing
188 // data contained in the working register
189 // DataReg to an EEROM in
190 // the location pointed to by the worKing register
191 // pair AdReg: This EEROM 1s assumed to be in the
182 // external data memory of ZB.
193 /7 Write FF to erase byte.
P 0060 7C FF 194 EEWR: LD OutReq, #%iFF
P 0062 92 70 195 LDE @AdReg, OutRag
P 0064 D6 0071 196 CALL WaltwWP /7 Wait for Twp
P 0067 82 80 197 LDE NowReg, BAdReg // Turn off WE
198 // Now, write the data to the part,
P 0069 92 90 199 LDE @AdReqg, DataReg
P 006B D6 0071 200 CALL WaitwP /1 Wait for Twp
P 006E 82 80 201 LDE NowReg, ®AdReg // turn off WE.
202
P 0070 AF 203 FinWr: RET //return from routine
204 // End of EEPROM Write Routine
205 /)= e mmecc e e er e e o m e e
206
207 // Timing routines
P 0071 EC 0A 208 WaitwP: LD RLoop2, #Twp // #% of ms to wait
209 /7 10-> wait 10 mS,
210 // Y => Wait 1 mS.
211
P 0073 D6 007E 212 WPLoop: CALL Waitims
P 0076 00 EE 213 DEC RLoop2
P 0078 6D 007D 214 JP Z, DunWP
P 007B 8B F6 215 JR WPLoop
P 007D AF 216 DunWP: RET /7 Done with Twp.
217
218 // Basic 1| msec timing routine-
219 // adjust for microprocessor crystal freq.
220 // The value of Hex58 (Dec8B) works with
221 // a 28 with a 6.144 MHz xtal.
222 // Use %6A for 7.3728 MHz xtal., Elimination
223 // of NOP, or xtal substitution, will
224 // require recalibration,
P 0G7E FC ©6A 225 Waitims: LD RLoop3, #%6A
226
P 0080 FF 227 Timlp: NOP
P 0081 00 EF 228 DEC RLoop3
P 0083 6D 0088 229 JP Z, Dunims
P 0086 8B F8 230 JR Timlp
231
P 0088 AF 232 Dunims: RET // Done with wait
233
234 //End of EEROM Timing Routines
235 /e mmm e e e e e en

Figure 19. 71840 E2ROM Erase/Write Routine

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-
rently offered.
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Power-Up/Down with
SEEQ’s E°ROM

Introduction

Electrically Erasable programmable Read-Only
Memories (E2ROMs) are semiconductor devices
offering high-density non-volatile random-access
data storage. A read operation with E? 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 E? 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 E2ROM 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 E2ROMs, 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 Vg 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
E2ROM. 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 E2ROM
device. A certain amount of the required protection

is included on-board the E2ZROMs, 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.

T +5V

OUTPUT

LM193

I—AA—

. zl:k =

R; = 63.4 KQ (1% Metal Film)
Ry = 71.5 KQ (1% Metal Film)
Ry = 51 KQ

Ry = 1.5 MQ (1% Metal Film)
Rs = 10 KQ

D, = LT1004 - 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 E2ROM
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 Vgc must be within specified limits, CE must be
active low, and OE must be V|, Tcs (50 ns) before
the falling edge of WE. Due to E’ROM’s protection
logic, under certain other conditions, there are modes
in which writing is inhibited (see Table 2). First, if Voo
is less than 3.0 V, writing is prevented, regardless of
the other input signals. Second, OUTPUT ENABLE
(OE) at V) (satisfying Tcs) inhibits writing. Third, in
order to inhibit a write cycle, WE or CE can be held
at V.

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

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

All
. o o Other
WE CE OE Vee Pins
V|L VIH 45-55V X

Notes:

1. Active levels shown in above table require Tg set-up time of
50 ns (see E2ROM’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 V¢ rises. Inadvertent writes are prevented
when Vg is less than 3.0 V (see Table 2); all that is
left to external circuitry is write-protection for Vgg
between the levels of 3.0 V (the lowest V¢ level at
which the device can write) and the Vgc 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|_ 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 V¢ is low, but may not force a valid V|,
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 Voc 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|) or CE High
(Vin) 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 Viy X X X X
Inhibition Mode 2 X ViH X X X
Inhibition Mode 3 X X ViL X X
Inhibition Mode 4 X X X Under 3.0 V X

Notes:

1. Active levels shown in above table require Tg set-up time of 50 ns (see E2ROM'’s data sheet)

2. X = TTL Don't Care.

GeeQ Technol&gy, 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 Vgg is 2.5 V until it reaches 4.8 volts. The output
switches to V|4 when Vgc goes above 4.8 volts.
During power-down, however, as is shown in Figure
2B, the comparator's output is forced low as soon as
Ve falls below 4.6 V and is kept low until Vgc 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 (V) when V¢ 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 Vg falls below 4.6 V, the OE is
forced low preventing any internal write initiation.
This pin is kept low (valid) until Vo goes below 2.5
volts. Internal protection circuitry protects the part
beyond this point (activated when Vgc falls below
3.0 V).

The second method of protecting the part_against
inadvertent write is by forcing and keeping CE high
when Vgc is below 4.5 and above 2.5 volts. This can
be done, as is shown in Figure 3B, by NAND gating
(74AHCTO00) the comparator's output with a CS signal.
The output of the NAND gate, which is connected to
E’ROM'’s CE pin, is controlled by the CS input when
Vce is above 4.6 volts. The other input controls
NAND gate's output when Vg 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) output (comparator’s output) when Ve
is above 4.8 volts and a low (V; ) output when V¢gc
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
(D4) and to V¢ through a resistor (R3). As long as

4.8v

Vee

25v

OUTPUT —W

e e — —

y

§

1

é

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

Flgure 2B. Timing Diagram—Power-Down Using
Either CE or OE Protection
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TO E2ROM’s
O PIN

RS
;»
4
> >
Ry :b Rs 2 MY
< <

Figure 3A. OE Protection Circuit

Vcc is below 2.5 V, Dy is not conducting (no current
flow through it). However, as soon as Vgc goes
above 2.5 V and stays there, D¢y 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 D1.

The positive input on the other hand, is connected to
a voltage divider (R4 & Rp) as well as the output
(through R4). The voltage at this input forces the
output to go either high (Vi) or low (V). When Vg
is below 4.6 V, the voltage divider causes this input to
be below reference voitage with respect to ground
forcing the output low. On the other hand, when Vo
goes above 4.8 V, the positive input voltage goes
above reference voltage forcing the output high. The
output stays high as long as Vgc 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
(D4) selections are critical. You have to be sure that
D4 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-

cs

74 HCT 00

TO E2ROM's
CE PIN

? +5V

AAAZ

Rs J
— AAA
AAA S

<
e R

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 Ry, 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 Rg). A choice of values for Rg
Resistor depends on OE driver (RD line). The Rg
resistor is used to insure a low OFE input when Vgg is
below 4.6 V (comparator's output is low). If open
collector driver is used, the pull-up resistor can
replace Rg.

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 Vgc 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 E2ROMs.

SeeQ Technology, Incorporated
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WX: 910-338-2313
Telex: 296609

SBthern Calllornla
Sales

SEEQ Technolo Y. Inc.
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Alabama

Electronic Sales. Inc.
Huntsville, AL

(205) 533-1735

Arizona

Compass Marketing, Inc.
Phoenix, AZ

(802) 996-0635

Compass Marketing
Tucson, AZ
(602) 293-1220

California
Bestronics
Culver City, CA
(213) 870-9191

Bestronics
Irvine, CA
(714) 2617233
Bestronics

Woodland Hills, CA
(818) 704-5616

Authorized North American Distributors

Alabama
RM Electronics
Hunlsville, AL

(205) 852

Scnwebev Elect Inc.
Huntsville,
(205)

AmhemAEIecl Inc.
5’ 244-0900

Schwebev Elect.. Inc
hoenix. AZ
(602) 997-4874

Time Electronics
empe.

(602? 967-2000

California

Anthem Elect., Inc
E. Irving,
(714) 768-4444

Anthem Eiect., Inc.
San Die &o CA
(619) 279-5200

Anthem Elect., Inc.
San Jose, CA
{408) 946-8000

Bell Industries
Roseville, CA 95678
(916) 969-3100

Bell Industries
‘84unnyvale CA 94089

Schweber Erecl Inc.
Cano

(213) %99-4702
Schweber Elect., Inc.

Irvine, C;
(714) 556-3880

Schweber Elect.. Inc.
Sacramento, CA
(916) 929-9732

California (Cont.)
Martronix
Fallbrook, CA 92026
(619) 7287678

Taarcom, Inc.
Mountain View, CA
(415) 960-1550

Connecticut

New England Tech. Sales
Meridian, CT

(203) 2378827

Colorado
Component Sales
Englewood, CO
(303) 779-8060

Florida
Dyne-A-Mark Corp.
Clearwater, FL
(813) 441-4702

California {Cont.)
chweber Elecl Inc.

San 4530

Schweher Elect. [nc.
San Jose, CA
(408) 46-7171

Time Electronics
naheim,

(714) 937-0911

Time Electronics

Chatsworth, CA
(818) 9987200

Time Electronics
San Diego, CA
(619) 586-1331

Time Electronics
Sunnyvale, CA
(408) 734-9888

Time Electronics
Torrance, CA
213)

Colorado

Anthem Elect.. Inc.
Englewood, CO
(303) 790-4500

Bell Industries
Wheatridge, CO
(303) 424-1985

Time Electronics
Englewood, CO
(303)850-7701
Connecticut
Lionex
Meriden, CT
(203) 265-1244
Schweber Elect., inc.
Danbury, €T
203 T9b-3500
Time Electronics
heshire,
(203) 271-3200

glaslarn Area Sales

SEEQ Technolagy, Inc.
reek Blvd.

135
Santa Cla“rﬁ CA 95051

gs75 Stevens

*elex 287217

Florida (Cont.)
Dyne-A-Mark Corp.
Fort Lauderdale, FL
(305) 771-6501

Dyne-A-Mark Corp.
Maitland, FL
{305) 831-2097

Dyne-A- Mark Corp.
Pal Bay. Fi
(305) 727-0192

Georgia

Electronic Sales, Inc.
Norcross, GA

(404) 448-6554

Illinois

KMA Sales

Rolling Meadows, IL
(312) 398-5300

Indiana

Valentine & Assoc.
Greenwood, IN
(317) 838-2260

Florida

Schweber Elect.. Inc.
Altamonte Ssgnngs FL
(305)

Schweher Elect., Inc.
Hollywoed. FL
(305) 927-0511

Time Eiectronics
rt. L)au;ierdale. FL

Tulne Eiecgromcs
rland
(305) 841-6565

EIecPro Air Corp.
Atlanta, GA
(404) 351-3545

0.C./Southeast, Inc.
Norcross, GA
(404) 449-9508

Schweber Elect.. Inc.
Norcross, GA
(404) 449-9170

Time Electronics
Norcrass, GA
(404) 448-4448

Ninois

RM Electronics

Elk vae Village. IL
(312) 364-6622

Schweber Elect.. Inc.
Elk Grove Vlllage IL
(312) 364-3751

Time Electronics
Wood Dale, IL
(312) 350-0610

Indiana

Graham Etectronics
Fort Wayne, IN
(219) 423-3422

Graham Electronics
Indianapalis, IN
{317) 634-8202

SALES OFFICES

%’312) 773-3860

WX: 910-851-3057

Indiana (Cont.}
Valentine & Assoc.
South Bend, IN
(219) 2887070

Eentral Area Sales

SEEQ Technology, Inc.
00 Park Boulevard

Suite 465
llasca IL 60143

Minnesota

Cahsll Schmitz & Cahill
St. Paul. MN

(612) 6467217

Advanced Technical Sales édvanced Tech. Sales

Overland Park, KS Louis, MO
(913) 642-6675 1314) 878-2921
Kansas Mexico
Advanced Technical Sales Cumpass Marketing
Qverland Park, KS Albnquerque. NM
(913) 642-6675 (505) 888-0800
Maryland New York
LD. LOW&(KA ERA Inc.
Columbia, MD Commack, NY
(301) 964-0225 (516) 5430510
Massachusetts GenTech
New England Tech. Sales. Bm hamton, NY
Burlington. MA 01803 07) 648-! 8833
(617) 272-0434

ichigar
Rathsburg Assoc., Inc.
Detroit,
(313) 8&2-1717
Indiana {Cont.) Minnesota
Graham Electvomcs Schweber Elect., Inc.
Lafayette, IN ina,
(317) 423 5564 (612) 941-5280
RM_Electronics Time Electronics
Indlanapolls IN Blgomington, Mi
(317) 2917110 {612) §4 -9192

low:

Schweber Elect., Inc.
Cedar Rapids. 1A
1319) 3731417

Schweber Elect., inc.
Qverland Park, KS
(913) 492-2921
Maryland

Lionex

Columbia, MD

(303) 964-0040
Schweber Elect. Inc.

Galthersb%.oMD

Time Electronics
Columbia, MD

(301) 964-3090
Massachusetls
Wilmgton, MA
(617) 6573170
Schweber Elect.. Inc.
Bedford,

(617) 275-5100

Time Electronics
Woburn,

{617) 935-8080
Michigan

RM Electronics
Grand Rapids. M|
{616) 531-9300
Schweber Elect Inc.

Livonia,
(313) 525—8100

Misso

Schweber Efect., Inc.
Earth City,

(314) 739 0528

Time Electronics

St. ans. MO

(314) 391-8444

New Hampshire
Schweber Elect., Inc.
Manchester. NI

(603) 625-2250

Hew Jomy
Falrfceld NJ
(201) 2277960

Schweber Elecl Inc.
Fairfield,
(201) 227-7800
New Mexico

Bell Industries
Albuquequue, NM
{505) 292-2700

New York
hianex

jauppauge. N
(516?573 1660
Schweber Elect., inc.
Rochester,
(716) 424-2222
Schweber Elect., Inc.

Westbury,
(516) 334-7474

6-1

gninh Camral Area

New York (Cont.)
GenTech
Liverpool, NY
(315) 451-3480

GenTech
Pittsford, NY
(716) 381-2820

GenTech
Pleasant Valley. NY
(914) 635-3233

North Carolina
ESI

Cary, NC
(919) 467-8486

Ohio

The Lyons Carp.
Daglon, OH
(513) 278-0714
The Lyons Corp.

Richfiled, OH
(216) 659-9224

New York (Cont.)
Time Electronics
Hauppauge, NY
516? 273 0100

Time Electronics
E. Siyracus& NY

NM’"\ Carol

Schweber Elect Inc.

Ralgi
(919D 9%7 0000

BeII Industries

Dag on,

(513) 434-8231

Graham E)ectromcs

Cincinnati,

(513) 772 166

Graham Electronics
bus, CH

Columbus.
(614) 895-1590

Schweber Elect., Inc.

Beachwood, OH
(216) 464-2970

Schweber Elect.. Inc.
ton, OH

a§ X

(513) 439-1800

Time Electonics
ublin, OH

(614) 761-1100

Oklahoma

Quality Components
ulsa,

(918) 664-8812

Schweber Elect.. Inc.

Tulsa,
(918) 622-8000

Anlwem Electronics
Lake Oswe 0
(503) 684-2¢

Bell Indusmes
Lake Oswego.
(503) 241-4115

Time Electronics
Portland. OR
(503) 685~
Pennsylvania
Lionex
Horsham. PA
(215 443 5150

Eastern Area Sales
Office

Sales

klahoma
Bonser-Philhower Sales
Tuisa, OK
(918) 744-99954
Oregon

Northwest Marketing
Assoc.. Inc.

Portiand. OR
(503) 620-0441

Pennsylvania
L.D. Lower
Broomall, PA
(513) 278-0714

The Lyons Corp.
Bridgeville, PA
(513) 278-0714

Bonser Philhower Sales
Austin, TX
(512) 346-9186

Bonser-Philhower Sales
Houston, TX
(713) 531-4144

Pennsylvania
Scnweber Elect., Inc.

(215] 441-0600
Schweber Elect Inc.
Pittsbur

(412) 7 1600

Time Electronics
Kmﬁ of Prusswa. PA

Texa

Oualny CnTr)r(manems

(214) 7334300

ﬂuahty ?omponents

(512) &5-0220

Quahtr Cnm]ponems

(713) 491-2255

RM Electronics

Dallas, TX

(214) 869-2080

Schweber Elect.. Inc.
ustin,

(512) 458-8253

Schweber Elect. Inc.

Dallas, TX

(214) 661-5010

Schweber Elect., Inc

Houston,

(713) 784-3600

Time Electronics

Austin.

(214) 241- 1441

Time Electronics

Dallas, TX
(214) 241-7441

Utah
Antl hem Elect., Inc.
(Salt Lake Cngl ur

Mld-M'l]anﬂC Area

SEEO Technology Inc. EEQ Technology, Inc.  SEEQ Technoloey Inc.
1 Dallas Pkway 5 New England 487 Devon Par Dr. #211
S te 420 Executive Park Wayne, PA 19
Dallas TX 75240 Burlington, MA 01803 # ) 964- 908
1{21 ) 960-9570 617) 229-635/ elex: 211626
elex: 852620 WX: 710-332-8926

Texas (Cont.)
Bonser-Philhower Sales
Richardson. 7X

(214) 234-8438

Utah

Waugaman Assoc.. Inc.
Salt Lake City, UT
(801) 261-0802

Washington
Northwest Marketing
Assoc. Inc.

Bellevue, WA

(206) 455-5846

Wisconsin
KMA Sales
Milwaukee, W
{414) 269711

Canada

Electro Sources. inc.
Rexdale, Ontario
Canada

(416) 675-4490

Utah (Cont.)
Bell Industries
San Lake % ur

Wnshlny lon
Anthem Elect.. Inc.
Redmond, WA
(206) 881-0850

Bell Industries
Bellevue, WA 98005
(208) 7471515

Time Eleclronlcs
Bellevue, WA
(206) 641 3640

Time Electronics
Redmond WA
(206) 882 1600

Bell Industvies
Waukesha, Wi
(414) 547-8879

RM Electronics
New Berlin. WI
(414) 784-4420

Schweber Elec( Inc.
Brookfield
(414) 784 9020

Canada

Eu’uve Eli?lljrn?ics
algary, Alberta

(40&) 2%96408

Future Electronics

Edmunton. Alberta

(403) 486-0974

Future Electronics
Vancouver. British
Columbia

(604) 438-5545

Future Electrenics
Downsview. Ontarlo
(416) 6384771

Future Electrumcs
Ottawa. Ontario
(613) 3

14
w
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o
w
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Future Electronics
Pointe Claire. Quebec
{514) 694-7710




Corporate International
Sales Office

SEEQ Technology, Inc.
1849 Fortune Drive

San Jose, CA 95131

910-338-2313
Telex: 296609

INTERNATIONAL SALES OFFICES

Northern European

Sales Office

SEEQ Int'l, Ltd.

Dammas House

Dﬁ’mrmas Lane

Swnndon SN1 3EF UK.
0793-694999

Telex 851444588

Authorized International
Manufacturer’s Representatives/Distributors

Australia
RAE Industrial
Electronics Pty. Ltd.

Victoria

Tel: (03) 277 4033
Sydne

Teyl: 10%) 232 6933
Crows Nest

Tel: (02) 439 7599

Austinmer

Tel: (02) 232 6933
Austria
Othmar Lackner Elektron
Bauelemente & Gerate

Vienna
Tel: (0/222) 7526180

Belgium Federal Rep. of Germany

MeA Trenix eacombElchkmmc
iege

Tl (0/41) %2780 0r 5 Srumeany

Denmark Tol 011174102122

E)é:lec Metronik GmbH

Tel: (010) 45 156 5001 u'nchen -

Finland Tel: (0/89) 611 4063

Komdel Oy

'p adm Television
Tel: (010) 358 0 885 011 Fram:alss (RTF)

FAI‘;lIrlI Rep. of Germany Tel (‘g/” 664 11 01
lnduslrle Vertretungen Repilromc
T (0/89)227236 Tel: (6) %28 6700

Astek Electronik
Vertriebs GmbH

Hamburg
Tel: (0/4106) 71084 or 86

Southern Eumpsan
Sales Office
SEEO Technology, Inc.

3 Rue de Chambourcy
78 300 Ponss France

Tel: 3-0
Telex: 842695477
Hony laly (Cont.)
Elscguocon Products ivra( pa
Kowloon -
Tel: 3-687214-6 Tel, 1ﬂl2) 235264
Rome
India Tel:(0/6) 8456263
SRI RAM Assoc.
Banaajore :Il;%.ar:l Macnics
ITeI, IOQ 140 Corporation (JMC)
sragl Kawasaki-City
Jeckonics Ltd. TE A Y o2
: Osaka Cit:

Tel: (0/52) 556070 or 71 T 0/16) Z‘ZS—OB&)
Ialy .
Eleﬂva Rikei

Tokyo
Tel: 012) 34 97 51 Tel: 345 1411

Korea

Hanaro

Seoul

Tel: (02) 783 7141

The Netherlands
Tenhmatlon Electronics

Tel (31) 04189 2222
New Iuland
Vi (NZ)Ltd.

Singapore/Malaysia
Desner Electronics
ar East) PTE Ltd.

Tel: gsapnre

Spain

Epsom Auckland
1: 600 760

Barc:
Tel: (9/3) 217 23 40

¥ Sweden
ko ec Svensk Teleindustri AB
ljel 010 47 270 5244 Tel Oﬂ) 46 438 0320
Smnh Alrlu Switzerland

d Ser Anatec AG El
Devmes (PTV) Ltd. Bauteile

Tel: 1011) 802-5820

ug
Tel: (0/42) 315 477

Taiwan
Bright Up Industries
Co. Lid.
Taipei
Tel: (0/2) 773 2194
Turkq X
Turkelek Electronic
Co., Ltd.

Ankara

Tel: (41) 18 94 83

Istanbul

Tel: (1) 143 40 46
United Kingdom
iMicrobusiness Ltd.

Newbury/Berkshire
Tel: 0635/42808

Kudos Electronics
Wokingham/Berkshire
Tel: 0734-794515

Pronto Electronic
Systems Ltd.

Gants Hills/Essex
Tel: (0/1) 554 6222









