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Comporate Profile and Quality Statement

Ramtron International Corporation develops, manufactures, and markets leading edge specialty
memory products for a diverse range of applications. This book provides comprehensive technical
information on Ramtron's FRAM® (ferroelectric RAM) and EDRAM (enhanced DRAM) product lines.
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Ramtron’s (69,000-square-foot hudquartcrs, rcscarch, and manufacturing facility is located in
Colorado Springs, Colorado. The facility is equipped with a Class 10 cleanroom for the production of
sub-micron feature size memory products on 6-inch silicon wafers. The facility currently has a capacity
of 2,600 wafers per month and can be outfitted to reach approximately 6,500 wafers per month.

Ramtron International Corporation is a U.S. public company incorporated in the state of Delaware
and trades on the U.S. NASDAQ system under the symbol “RMTR".

FRAM Products

FRAM memories solve the inherent problem of volatility in microelectronic circuits by merging
ferroelectric materjals with conventional integrated circuitry. Ramtron's FRAM product family includes
nonvolatile 4K, 10K, and 64K memories. You can use these memories as enhanced replacements in
many EEPROM, NVRAM, and battery-backed SRAM applications. With the advantages of less space,
lower current, fast write time, and high write endurance, we feel that you will find memory
requirements in your designs that will benefit from the use of FRAM products.

EDRAM Products

In addition to ferroelectric RAM products, Ramtron also offers a family of specialty high
performance 4-megabit enhanced DRAM products. The EDRAM combines a fast 35ns DRAM with an on-
chip 15ns cache in a JEDEC compatible package. The EDRAM's benefits include higher system
performance with lower overall system cost, power consumption, and reduced board area. The EDRAM
is ideal for a variety of applications including embedded control, graphics processing cards, portable
PCs, and high performance computing platforms.

Please call 1-800-545-FRAM or 1-800-545-DRAM for additional information, design assistance, or
the representative nearest you.

World-class Quality Control

Ramtron takes a unique cultural approach to the issue of quality. At Ramtron, quality is not a
program; it's a way of thinking and behaving. We call this approach the CLEAR Advantage Culture. It puts
our customers first and emphasizes a total commitment to quality at every level of the company.

To ensure that the quality commitment is felt throughout the organization, a separate quality
reporting structure exists alongside the traditional organizational structure. The focal element of the
CLEAR Advantage Culture is the CLEAR Advantage Steering Committee. This is a company-wide quality
committee that facilitates and nurtures the pursuit of total quality at Ramtron. The committee also works
with problem-solving CLEAR Action Teams, which assume responsibility for specific quality issues being
addressed through the many steps involved in bringing our customers Ramtron’s advanced memories.

Through this network of quality-conscious workers and management practices, Ramtron achieves
consistently high levels of quality, giving ourselves and our customers a CLEAR Advantage in memory
solutions.

FRAM is a registered trademark of Ramtron International Corporation.
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Features

W -+,090 Bit Bytewide Nonvolatile Ferroelectric RAM
Organized as 512x 8
W CMOS Technology with Integrated Ferroelectric Storage Cells
| Fully Synchronous Operation
- 200ns Read Access
- 400ns Read/Write Cycle Time
- 10 Billion (101%) Cycle Read/Write Endurance
| On Chip Data Protection Circuit

Description

The FM1208S is a bytewide ferroelectric RAM, or FRAM®
product, organized as 512 x 8. FRAM memory products from
Ramtron combine the read/write characteristics of semiconductor
RAM with the nonvolatile retention of magnetic storage.

This product is manufactured in a CMOS technology with the
addition of integrated thin film ferroelectric storage cells developed
and patented by Ramtron.

FM1208S FRAM® Memory

4,096-Bit Nonvolatile Ferroelectric RAM
Product Specification

B 10 Year Data Retention without Power
| Single 5 Volt £10% Supply
| Low Power Consumption
- Active Current: 10mA
- Standby Current: 100pA
B CMOS/TTL Compatible /0 Pins
M 24 Pin DIP and SOP Packages
B 0-70°C Ambient Operating Temperature Range

The ferroelectric cells are polarized on each read or write cycle,
therefore no special store or recall sequence is required. The
memory is always static and nonvolatile.

Ramtron's FRAM products operate from a single +5 volt power
supply and are TTL/CMOS compatible on all inputs and outputs. The
FM1208S utilizes the JEDEC standard bytewide SRAM pinout, but
differ slightly in operation due to the integrated address latch.

Functional Diagram
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Pin Configuration

A; 01 7 240 Ve
As []2 230 Ag
As (I3 221 NC*
A, 4 211 WE
As [5 200 OF
A, [16 190 ne*
Ay Q7 1800 CE
Ag 08 17010,
1100 09 160 1/04
110, 010 150 1/04
110, O 11 14010,
GND [ 12 1300 1/04

* Must be Unconnected or Tied to GND

Ramtron reserves the right to change or discontinue this product without notice.

© 1994 Ramtron International Corporation. 1850 Ramtron Drive, Colorado Springs. CO 80921
Telephone (800) 545-FRAM, (719) 481-7000. Fax (719) 488-9095 R4 February 1994



Device Operation

Read Operation

When CE is low and WE is high, a read operation is performed
by the FRAM memory. On the falling edge of CE, all address bits (A, -
Ag) are latched into the part and the cycle is started. Data will appear
on the output pins a maximum access time (t¢,) after the beginning
of the cycle.

The designer should ensure that there are no address transitions
from ty (setup time) before the falling edge of CE to ty, (hold time)
after it. After ty;,, the address pins are ignored for the remainder of
the cycle. It is equally important that CE be generated such that
unwanted glitches or pulses, of any duration, be prevented.

After the read has completed, CE should be brought high for the
precharge interval (tpc). During this period data is restored in the
internal memory cells and the chip is prepared for the next read or
write. FRAM memories will not operate in systems in which CE does
not toggle with every access.

The OE pin may be used to avoid bus conflicts on the system bus.
Only when both CE and OE are low will the FRAM memory drive its
outputs. Under all other circumstances, the output drivers are held in
a high impedance (High-Z) condition. Note that the internal read
operation is performed regardless of the state of the OE pin.

Write Operation

When CE falls while WE is low, or WE falls while CE is low, a
write operation will be performed by the FRAM memory. On the
falling edge of CE, as in the read cvcle, the address will be latched
into the part with the same setup and hold requirements. As in the
read cycle, CE must be held high for a precharge interval (t)
between each access.

Data is latched into the part on the rising edge of WE or CE,
whichever occurs first. Write operations take place regardless of the
state of OF, however, it may need to be driven high by the system at
the beginning of the cycle in order to avoid bus conflicts.

There is no long internal write delay after a write operation. Data
is immediately nonvolatile and power may be removed from the part
upon completion of the precharge interval following the write.

Low Voltage Protection

When V. is below 3.5V (typical), all read and write operations
to the part will be ignored. For systems in which unwanted signal
transitions would otherwise occur on the CE pin at or above this
voltage, CE should be held high with a power supply monitor circuit.

Whenever V. rises above 3.5V, either after power up or a
brownout, no read or write operation will take place until CE has
been high (above Vi) for at least a precharge interval (tpc). When it
is brought low, an access will start.

Theory of Operation

The FM1208S FRAM memory uses a patented ferroclectric
technology to achieve nonvolatility. Ferroelectric material may be
polarized in one direction or another with the application of an
electric field, and will remain polarized when the field is removed.
They are insensitive to magnetic fields.

The FM1208S is designed with a differential cell architecture, as
shown in the figure below. During a read operation, the word line
and plate enable lines are brought high, transferring charge from the
ferroelectric storage elements to the bit lines. Nonvolatile elements
polarized in the opposite direction to the field will source more
charge than those polarized in the direction of the field. Sense
amplifiers built into the chip compare the two charge magnitudes,
producing a binary value. After the read operation, the data is then
automatically re-written back into the nonvolatile elements.

During the write operation, the sense amplifiers drive the bit
lines to the state of the data input pins. The word line is enabled and
the place enable line is pulsed, polarizing each of the complementary
nonvolatile storage elements in the appropriate direction.

The part may be read or written a total of 10 billion (1019)
cycles without degrading the data retention of the device. Operation
of the part beyond this limit will eventually result in nonvolatile data
retention failure.

Bit Line Complement

FRAM Memory Cell
Bit Line True
[ Y
Word Line e -
Plate \ /
Enable
Ferroelectric Capacitors
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Absolute Maximum Ratings()

(Beyond Which Permanent Damage GCould Result)

Description Ratings
Ambient Storage or Operating Temperature to 0to +70°C (1) Stresses above those listed under Absolute Maximum Ratings may cause permanent
G tee N | ”.tp f Slg d Dp1 damage to the device. This is a stress rating only, and the functional operation of the
uarantee Nonvolatility of stored Data device at these or any other conditions above those indicated in the operational
R ~ sections of this specification is not implied. Exposure to absolute maximum rating
Voltage on Any Pin with Respect to Ground 10t0+7.0 conditions for extended periods may affect device reliability.

Capacitance

Ty = 25°C.0 = LOMHz, Vi = 5V

Parameter Description Max Test Condition
Cyo®? Input/Output Capacitance 8pF V0= 0V
ciw®? Input Capacitance 6pF V=0V

(20 This parameter is periodically sampled and not To0% tested

DC Operating Conditions

Ty = 0° to 70°C: Typical Values at 25°C

Symbol Parameters Min Typ Max Test Condition
Vee Power Supply Voltage 4.5V 5.0 5.5V
lget Power Supply Current - Active 5.0mA 10mA Ve = Max, CE Cycling at Minimum Cycle Time
CMOS Input Levels and 1/0s Unloaded
Isgi Power Supply Current - 200pA 1.2mA | Vgc = Max, CE = Vi, TTL Input Levels, 1,9 = OmA
Standby (TTL)
Isg2 Power Supply Current - 10pA 100uA | Vg = Max, CE = Vg, CMOS Input Levels, I;;g = OmA
Standby (CMQS)
I Input Leakage Current 10pA Vin=GND to Vgg
loL Output Leakage Current 10pA Vout = GND to Vg
ViL Input Low Voltage -1V 0.8V
Viy Input High Voltage 20V Ve + 1V
VoL Output Low Voltage 0.4v loL =4.2mA
VoH Output High Voltage 2.4V lgy=-2mA
AC Conditions of Test Equivalent AC Test Load Circuit
AC Conditions Test
+bV
Input Pulse Levels Oto3V
Input Rise and Fall Time 10ns 856Q
Input and Output Timing Levels 1.5V Output
100pF
458Q I
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Packaging Information

Dimensions in Inches (Millimeters)
Package Type FM1208S 24-Pin
A B 4 D
Plastic/Ceramic P/PT/C 1.240 (32.64) 0.598 (15.19) 0.620 (15.75) 0.225 (5.72)
600 Mil DIP 1.285 (31.50) 0.514 (13.06) 0.590 (14.99) 0.140 (3.56)
Plastic SOP S 0.614 (15.59) 0.300 (7.62) 0.416 (10.57) 0.105 (2.65)
0.598 (15.19) 0.287 (7.29) 0.398 (10.11) 0.093 (2.35)
- A - le A ]
- —=oon, ARER _RRES
Plastic (P) or Ceramic (C)
600 Mil DIP 8 sop B
o)
|
. S 1y :
piny = T I T s s e pin1 {1 H kL
0.094 (2.34)
0.175 (4.45
o - L ‘79110{279; JE— 00%0(229)
I W= —HHHE 1 o0
: i 0 0.032(0.81) =~ =
| | [ ' 0.024 (0.61) - < 0020 (051)
‘ L Ul Typ 0050 (127) = = s
= =< 0100 0.023(0.58) = = 0.165 (4.19)
(54 0013 038) 0.120 (305) < ¢ -
- = 0.030 (0.76)
0.010 (0.254)
T
v JE\: v 00125 (0.317)
-8 4 00091 (0.231)
= < 0.040(1.02)
0.015 (0.38)




Ordering Information

FM1208S - 200 P C

L-* C = Commercial Temperature Range (0 to 70°C)

| = Industrial Temperature Range (-40 to 85°C)
Package Type (24-Pin)

P - Plastic DIP (600 Mil)

S - Plastic SOP

C - Ceramic DIP (600 Mil)

PT - Thin Plastic DIP (600 Mil)
Access Time (ns)

200

Memory Configuration
1208S 512 x 8 Nonvolatile Memory

— Ramtron Ferroelectric Memory

Ramtron International Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in a Ramtron product.
nor does it convey or imply any license under patent or other rights.

FRAM is a registered trademark of Ramtron International Corporation. © Copyright 1994 Ramtron International Corporation
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Features

W 4,090-Bit Nonvolatile Ferroelectric RAM Organized
as 512w x 8b
m Very Low Power CMOS Technology
- 100pA Active (Read or Write)
- 25pA Standby Over Commercial Temperature Range
W Reliable Thin Film Ferroelectric Technology
- 10 Billion (1010) Cycle Read/Write Endurance
- 10 Year Data Retention
W High Performance
- No Write Delay
- 512 Byte Sequential Write
- 47ms Full Chip Write

Description

The Ramtron FM24C04 ferroelectric random access memory, or
FRAM® memory provides nonvolatile data integrity in a compact
package. A two wire serial interface provides access to any byte within
the memory while reducing the cost of the processor interface. The
FM24C04 is useful in a wide variety of applications for the storage of
configuration information, user programmable data/features, and
calibration data.

With Ramtron s ferroelectric technology, all writes are
nonvolatile, eliminating long delays, extra page mode control, or high

FM24C04 FRAM © Serial Memory

Product Specification

W Two Wire 12C Serial Interface
- Direct Replacement for Xicor X24C04
B Hardware Write Protection
B True 5V Only Operation
B 8 Pin Mini-DIP and SOIC Packages
W -40° to +85°C Operating Range

voltage pins. The technology is designed for highly reliable operation,
offering extended endurance and 10 year data retention.

The part uses the industry standard two wire protocol for serial
chip communication and is pin compatible with a number of parts
from other vendors. Up to 10Kbits of FRAM memory may be
connected on a single bus, comprised of multiple 24C04 parts. It is
available in 300 mil mini-DIP and 150 mil SOP packages.

Functional Diagram Pin Configurations
-
] = | | - NC 1~ 8] Ve
5 | g | 12832 Are  7pwe
Bl L o » ZRAM A, 3 6 [ SCL
8 | g ey Ves 04 5[sDA
2|
Vee —> - l—
s > | owatan.
- Serial/Parallel I T Pin Names Function
SbA > Converter
T" T Ai-Ay Device Address
SDA Serial Data/Address
SCL ———| Control Logic SCL Serial Clock
T T T WP Write Protect
A A, WP Vss Ground
Vee Supply Voltage
© 1994 i 1850 Ramtron Drive, Colorado Springs, CO 80921

Ramtron reserves the right to change or discontinue this product without notice.

Telephane (800) 545-FRAM, (719) 481-7000 Fax (719) 488-9095 RS February 1994



Absolute Maximum Ratings

Description Ratings

Ambient Storage or Operating Temperature to -40°C to +85°C
Guarantee Nonvolatility of Stored Data

Voltage on Any Pin with Respect to Ground 10t +7'0V_* Stresses above those listed under Absolute Maximum Ratings may cause permanent damage
D.C. Output Current 5mA l.(:“lhlt':.]:“ This is a stress rating only. un(ilntl:!:;’f:il;\rtmlml operation of the devic llhcsui:r
Lead Temperature (Soldering 10 SECOHdS) 300°C not implied. Exposure to absolute maximum rating conditions for extended periods may affect
- device reliability.
DC Operating Conditions Ty = -40°C 10 +85°C, Vi = 5.0V = 10%. Unless Otherwise Specified
Symbol Parameter Min Typ" Max Units Test Conditions
Vee Power Supply Voltage 45 5.0 55 v
[0 Ve Supply Current 60 100 pA SCL @ 100KHz, Read or Write
SCL CMOS Levels, All Other Inputs = Vgg or Vg - 0.3V
lsg® | Standby Current 8 25 WA | SCL = SDA =V, All Other Inputs = Vgg or Vg
0°C to 70°C
Isg® | Standby Current 16 60 pA | SCL = SDA =V, All Other Inputs = Vgg or Vo
-40°C to 85°C
I Input Leakage Current 10 PA |V =Vggto Vge
Lo Output Leakage Current 10 PA | Vour = Vsg to Veg
ViL Input Low Voltage -1.0 Voo x 0.3 v
Viy Input High Voltage Voo x 0.7 Veg + 05 Vv
VoL Output Low Voltage 0.4 v lgL = 3mA

(1) Typical values are measured at 25°C. 5.0V
(2) Must perform a stop command prior to measurement.

Endurance and Data Retention Power-Up Timing (3)

Parameter Min Max Units Symbol Parameter Max Units
Endurance 10 Billion R/W Cycles tpur® Power Up to Read Operation 1 us
Data Retention 10 Years tpuw (3 Power Up to Write Operation 1 s

(3) tprg and tppy are the delays required from the time Vg is stable until the specified
operation can be initiated. These parameters are periodically sampled and not
100% tested.

AC Conditions of Test
AC Conditions Test
Input Pulse Levels Voo x 0.1t0 Vg x 0.9
Input Rise and Fall Times 10ns
Input and Output Timing Levels Vegx 0.5
Capacitance Ty= 25°C. 0 = LOMIIZ Vg = 5V
Symbol Test Max Units Conditions
Cro' Input/Output Capacitance (SDA) 8 pF Vg = 0V
[ Input Capacitance (A;.,, SCL, WP) 6 pF Viy =0V

(4) This paramier is periodically sampled and not 1007 tested.
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Pin Descriptions

SCL — Serial Clock
When high, the SCL clocks data into and out of the FM24C04. It
is an input only.

SDA — Serial Data Address

This bi-directional pin is used to transfer addresses to the
FM24C04 and data to or from the FM24C04. It is an open drain
output and intended to be wire-ORed with all other devices on the
serial bus using an external pull-up resistor.

A;, A, — Address Bits 1 and 2

The A, and A, inputs set the device address for this particular
FM24C04. If the state of A} and A, matches that within the slave
address, then this FM24C04 will respond to the command. These
pins must be connected to either V¢ or V.

WP — Write Protect

If tied to Vi, write operations into the upper half of the
memory (bank select Ay set to 1 in the slave address) will be
disabled. Read and write operations to the lower portion of
memory will proceed normally. If the write protection feature is not
desired, this pin must be tied to Vy.

Bus Protocol

The FM24C04 employs a bi-directional two wire bus protocol
designed to support multiple bus slaves with a minimum of
processor I/0 pins. Figure 1 shows a typical system configuration
connecting a microcontroller with two FM24C04 devices. Up to
four FM24C04 devices can be connected on a single bus.

By convention, any device sending data onio the bus is the
transmitter, while the device that is getting the data is the receiver.
The device controlling the bus is the master and provides the clock
signal for all operations. Devices being controlled are the slaves.
The FM24C04 is always a slave device.

Transitions or states on the SDA and SCL lines denote one of
four conditions: a start, stop, data bit, or acknowledge. Figure 2
shows the signaling for these conditions, while the following four
sections describe their function.

Figure 3 shows the detailed timing specifications for the bus.
Note that all SCL specifications and the start and stop specifications
apply to both read and write operations. They are shown on one or
the other for clarity. Also, the write timing specifications apply to all
transmissions to the FM24C04, including the slave and word
address, as well as write data sent to the FM24C04 from the bus
master.

Figure 1. Typical System Configuration

Ruin = 1.8KQ2
Rg R; MIN

\

< Rmax =tg/C
11 max = 1R/ Lys

Mastel | SDA I\ J
“Q ‘ 1 !
i SDA  sCL SDA  SCL SDA SCL
Other

’ FM 24C04 J FM 24C04 B
LA A | A, A,
AT L
= L = =

Figure 2. Data Transfer Protocol

'
'
'
|
'
'
'
'
'
'

SDA / ' \ / 7 6 o >\
o T 7/ ;
Stop Start Data Bit Data Bit DataBit  Acknowledge
(Master)  (Master) (Transmitter) (Transmitter) (Transmitter) (Receiver)
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Figure 3. Bus Timing

Read
— ’(-v» tR;SE a‘r’ < el ‘14— i ] |t L g - tow + : ‘
soL H N M ‘ 1/' N / ‘
. b ) ! ! . ! ' : ! : ‘ > e tsusTa
IS > <t | ety tsypaTi —>| e tooar |
SDA : VALID VALID X i ;
Stop Start Data Bit 7 Data Bit 6 Data Bits 5-0 Acknowledge Start
From FM24C04 From FM24C04 From FM24C04 To FM24C04
Write

SCL

SDA

Data/Address Bit 7

Data/Address Bit 6

Start

To FM24C04 To FM24C04 To FM24C04 From FM24C04

Notes:

(1) All start and stop timings apply to both read and write cycles identically

(2) Clock specifications same for hoth read and write.

(3) Write timing specifications apply to slave address, word address. and write data.

Read and Write Cycle AC Parameters

Ty = -40°C10 +85°C. Ve = 5.0V 10%, Unless Otherwise Specified

Symbol Parameter Min Max Units

fsoL SCL Clock Frequency - a 0 100 KI-E

T Noise Suppression Time Constéﬁt at SCL, SDA Iﬁ-;;:ns . ] &) 7 F
tan SCL Low to SDA Data Qut Valid o 3.5 u;”\i
taur Time the Bus Must Be Free Before a New Trgnsmission Can Star{” N 4.7 s
typ-sTA Start Condition Hold Time - a0 usr h
tow Clock Low Period 47 us
tHiGH Clock High Period ‘ 4.0 ps
tsy-sTA Start Condition Seturinje (fora Repe@tan Condifron) - 47 ) . s
tHD-DAT Data In Hold Time 0 ns
tgy-pAT Data In Setup Time 250 ns

trise SDA and SCL Rise Time o o 7 1 - Ui |
teaLL SDA and SCL Fal Time N 30 | ons |
tsu-sTo Stop Condition Setup Time 4.0 ps
toy Data Qut Hold Time (Fro'rvn SCLaVv) 7 o 0 e r;sr 7

2




Start Condition

A start condition is indicated to the FM24C04 when there is a
high to low transition of SDA while SCL is high. All commands to
the FM24C04 must be preceded by a start. In addition, a start
condition occurring at any point within an operation will abort that
operation and ready the FM24C04 to start a new one.

Stop Condition

A stop condition is indicated to the FM24C04 when there is a
low to high transition of SDA while SCL is high. All operations to the
FM24C04 must end with a sfop. In addition, any operation will be
aborted at any point when this condition occurs.

Data/Address Transfers

Data/address transfers take place during the period when SCL
is high. Except under the two conditions described above, the state
of the $DA line may not change while SCL is high. Address transfers
are always sent to the FM24C04, while data transfers may either be
sent to the FM24C04 (for a write) or to the bus master (for a
read).

Acknowledge

Acknowledge transfers take place on the ninth clock cycle
after each eight-bit address or data transfer. During this clock
cycle, the transmitter will release the SDA bus to allow the receiver
to drive the bus low to acknowledge receipt of the byte.

Device Operation

Low Voltage Protection

When powering up, the FM24C04 will automatically perform
an internal reset and await a start signal from the bus master. The
bus master should wait Tpy (or Ty ) after V. reaches 4.5V
before issuing the start for the first read or write access.
Additionally, whenever V. falls below 3.5V (typical), the part goes
into its low voltage protection mode. In this mode. all accesses to
the part are inhibited and the part performs an internal reset. If an
access was in progress when the power supply fails, it will be
automatically aborted by the FM24C04. When power rises back
above 4.5V, a start signal must be issued by the bus master to
initiate an access.

Slave Address

Following a start, the FM24C04 will expect a slave address
byte to appear on the bus. This byte consists of four parts as shown
in Figure 4.

m Bits 2 and 3 are the device address. If bit 2 matches the state of
the A, pin and bit 3 matches the state of the A, pin, then the part
will be selected.

m Bit 1 is the page select. If set to 1, then the upper 256 bytes of
memory (addresses hex 100 through 1ff) will be accessed, while
the lower block will be accessed if it is 0.

W Bit 0 is the read/write bit. If set to a 1, a read operation is being
performed by the mas rite is

yi: nble nimarion e intanda
o1, OINETWise, @ Wriie is intended.

Word Address

After a slave device acknowledges the slave address on a write
operation, the master will place the word address on the bus. This
byte, in addition to the page select bit from the slave address, forms
the address of the byte within the memory that is to be written. This
nine-bit value is latched in the internal address latch. There is no
word address specified during a read operation.

During the transmission of each data byte and before the
acknowledge cycle, the address in the internal latch is incremented
to allow the following byte to be accessed immediately. When the
last byte in the memory is accessed (at address hex 1ff), the
address is reset to 0. There is no alignment requirement for the
first byte of a block cycle — any address may be specified. There is
also no limit to the number of bytes that may be accessed in a
single read or write operation.

Data Transfer

After all address bytes have been transmitted, data will be
transferred between the FM24C04 and the bus master. In the case
of a read, the FM24C04 will place each of the eight bits on the bus
and then wait for an acknowledge from the bus master before
performing a read on the subsequent address. For a write
operation, the FM24C04 will accept eight bits from the bus master
and then drive the acknowledge on the bus.

All data and address bytes are transmitted most significant bit
(bit 7) first.

After the acknowledge of a data byte transfer, the bus master
may either begin another read or write on the subsequent byte,
issue a sfop command to terminate the block operation, or issue a
start command to terminate the current operation and start a new
one.

Figure 4. Slave Address

Device Type Device Bank
Identifier Address Select
r— — e .

T T T T T T T —
0 IA2]A11A01R/ﬂ|

t 0 1
L 1 !

Py = - n

BiiNe.: 7 6 5 4 3§ 2 i ]
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Write Operations

All write operations start with a slave and word address
transmission to the FM24C04. In the slave address, bit 0 should be set
to a 0 to denote a write operation. After they are acknowledged, the
bus master transmits each data byte(s) to the FM24C04. After each
byte, the FM24C04 will generate an acknowledge signal. Any number
of bytes may be written in a single write sequence. After the last byte
in the memory (address hex 1ff) is written, the address counter
wraps qmnn{l to zero so that the \nh\e(luem byte written will be the
ﬁrst (address 0).

There is no write delay on the FM24C04. Any operation, either a
read or write to some other address, may immediately follow a write.
Acknowledge polling, 4 sequence used with EEPROM devices to let
the bus master know when a write cycle is complete, will return done

immediately (the FM24C04 will acknowledge the first correct slave
address).

If a write cycle must be aborted (with a start or stop condition),
this should take place before the transmission of the eighth bit in
order that the memory not be altered.

The write protect (WP) pin on the FM24C04 allows the upper
half of the memory array (addresses hex 100 through 1ff) to be
protected against accidental modification. When the pin is tied to ¥,
slave and word addresses targeted at the FM24C04 will still be
acknowledged, but no acknowledge will occur on the data cycle if the
address is in the upper half. In addition, no address incrementing
occurs when writes are attempted to this half of the memory. If the
write protection feature is not desired, this pin must be tied to V.

Figure 5. Byte Write
By Master Start Address and Data Stop
T T TTT T T l 1T T T T T 7177171 ¢
‘S’ Slave/-\ddress‘ IAk Word Address 'A’ L IDzlltaI L ,A‘P‘
By FM24C04 Acknowledge
Figure 6. Multiple Byte Write
By Master Start Address and Data smp
T T T TT T T T 1T T T T 17T T T T T TT A\ 717717
’S‘ Slave Address ‘OlA‘ Word Address ‘A’ Data lA‘ Data ’A‘ \\ ‘ I J
L1111 | N I T T T S R T T Ll Lt T 111
By FM24004 Acknowledge o

1-14




Read Operations

Current Address or Sequential Read

Sequential read operations take place from the address
currently held in the internal address latch, and so require only
that the bus master provide a slave address transfer before the
FM24C04 begins the transfer of data to the master. In this slave
address, bit 0 shouid be set 10 a i to denote a read operation. Note
that the MSB of the nine-bit internal address latch is specified by
the slave address word, and is therefore always set during a read,
regardless of which page the previous access referenced.

One or multiple bytes may be read from the FM24C04 in a
single read operation. After the final byte has been read, the bus
master signifies the end of the read sequence by failing to issue an
acknowledge, or issuing a stop or start command. After the last
byte in the memory (address hex 1ff) is read, the address counter
wraps around to zero so that the subsequent byte to be read will be
the first location in the memory (address 0). These sequences are
shown below in Figures 7 and 8.

Selective (Random) Read

Selective, or random, read operations are possible on the
FM24C04 by using the first two bytes of the «'rite operation to load
the internal address. The slave address for the part is sent out with
bit 0 (R/W) set to 0 to denote a write operation, and the word
address is set to specify the least significant 8 bits of the desired
address.

After the FM24C04 acknowledges this word address, the bus
master should abort the write and begin the read with a start
command. A new slave address is then sent out, this time with the
R/W bit set to 1. Following the slave address and acknowledge, the
FM24€04 will immediately begin transmission of the requested
data. Figure 9 shows this operation.

Figure 7. Current Address Read

Start Address No Ackndwledge
;— Stop
T 1T T T 1T TT I I 1T
‘ SIaveAddress} ‘Al ’ l !
1 I I I 1
By FM24C04 Acknowledge Data
Figure 8. Sequential Read
Start Address Acknowledge No Acknowledge
I | ¢ Stop
T I 1T TT I I I T T I I | T T T TT
SIaveAddress l ‘A‘ 1 I I I J IA( 11 I I l 11 ’ [ \\ D?tal 11 l [ l
By FM24C04 Aclmawledge Data
Flyurey Selectlve Read
By Master Start Address Start Address Acknowledge  No Acknowledge
b | Stop
T T T TT T T T TT T TrTrTT T T T T 177
Slave Address ‘ |A| Word Address ‘AISI Slave Addressl IAI Data IA\ \ Data II‘PI
) T | 1 ‘\J\j L1
By FM24C04 Acknowledge Data
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Packaging Information

8-Pin Plastic or Ceramic DIP

. 0.41(10.36) _

0.36 (9.10)

s s

!

0.30 (7.62) | |

0.24 (6.10) |/ |
|
' |

T T i .

0.065(1.65) = =

0,055 {1.40)

' 0.165 (4.19) o

0014(0.36) =/ |- "
UL ) 0-125(3.18) omofo,zs; l
= = 0.100(254) -
0023(0.58) - - 08 . 0395937  _
0.015 (0.38) 0.300 (7.62)
8-Pin SO (JEDEC) nnnn
- e -
. 50)
0.009 (0.23)
0.189 (4.80) F—
- 0210§533{ . 0.019 (0.48) 0.053 (1.35)
0.068 (1.73)
f—} ! {4?7 R !
— MR— \
0.007 (0.18) fo J —J\\ 'y
0.009 (0.23) » e S
0050 (1.27) = = = = 0013(0.33) 0-8°
0.020 (0.51) 0.004 (0.10)
0.010 (0.25)
= < 0016(0.40)
0.228 (5.80) 0.050 (1.27)
= 0.244 (6.20) .
Ordering Information
FM 24C04 - PS

\—v Package Type (8-Pin)
PS - Plastic Skinny DIP
| PT - Thin Plastic Skinny DIP
S - Plastic SOP
| C - CERDIP
L,,,i 4K Serial FRAM Memory

——————————— Ramtron Ferroelectric Memory

Ramtron International Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in a Ramtron product,

nor does it convey or imply any license under patent or other rights.

FRAM is a Registered Trademark of Ramtron International Corporation
© Copyright 1994 Ramtron International Corporation
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REMRON

Features

W 10Kbit Nonvolatile Ferroelectric RAM Organized as 2,048 x 8

B Very Low Power CMOS Technology

- 100pA Active (Read or Write)

- 25pA Standby Over Commercial Temperature Range
M Reliable Thin Film Ferroelectric Technology

- 10 Billion (101%) Cycle Read/Write Endurance

- 10 Year Data Retention
m High Performance

- No Write Delay

- 2Kbyte Sequential Write

Description

Ramtron’s FM24C16 ferroelectric random access memory, or
FRAM® memory provides nonvolatile data integrity in a compact
package. A two wire serial interface provides access to any byte within
the memory while reducing the cost of the processor interface. The
FM24C10 is useful in a wide variety of applications for the storage of

FM24C16 FRAM© Serial Memory

Product Preview

B Two Wire 12C Serial Interface
- 100KHz and 400KHz Modes
- Direct Replacement for Xicor X24C16
m Hardware Write Protection
B True 5V Only Operation
B 8-Pin Mini DIP and SOIC Packages
B -40° to +85°C Operating Range

voltage pins. The technology is designed for highly reliable operation,

offering extended endurance and 10 vear data retention.

The part uses the industry standard two wire protocol for serial
chip communication and is pin compatible with a number of parts
from other vendors. It is available in 300 mil mini-DIP and 150 mil

configuration information, user programmable data/features, and SOP packages.
calibration data.
With Ramtron’s ferroelectric technology, all writes are
nonvolatile, eliminating long delays. extra page mode control, or high
Functional Diagram Pin Configurations
] [ |5 | | NC 1 8 0 Vec sop
I |5 (5001 2exes | N2 7pwe
el e i Ry a1 Ne O3 efisoL
3| g : Y Ves 04 5[1sDA
1 —» B
, ‘{ 2
Voo —> ‘
Vg —» | N
—
SDA <> Serial/Parallel < o T - -
Converter Pin Names Function
SDA Serial Data/Address
] SCL Serial Clock
SCL — ——> Control Logic
1 _— WP Write Protect
T Vss Ground
we Vee Supply Voltage
© 1994 1850 Ramtron Drive, Colorado Springs. CO 80921

This document describes a product under development. Ramtron reserves the right
to change or discontinue this product without notice.

Telephone (800) 545-FRAM. (719) 481-7000 Fax (719) 488-9095

R2 February 1994



Absolute Maximum Ratings

Description Ratings

Ambient Storage or Operating Temperature to -40°C to +85°C

Guarantee Nonvolatility of Stored Data

Voltage on Any Pin with Respect to Ground -1.0to +7.0V Stresses above those listed under Absofute Vaxinum Ratings mas cause permanent damage
D.C. Output Current , 5mA v othrcoion shoe s cedn he ettt of hsapciaton
Lead Temperature (Soldering, 10 Seconds) 300°C :J"“\‘m relibiliy e fo absotite maimiin rating conditions for extended periods miay alfect
DC Operating Conditions Ty = -40°C 10 +85°C, Ve = 5.0V = 10%, Unless Otherwise Specified
Symbol Parameter Min Typ"" Max Units Test Conditions

Vee Power Supply Voltage 45 50 55 i v o

loc | Voo Supply Current 60 100 WA | SCL@ 100KHz, Read or Write

SCL CMOS Levels, All Other Inputs = Vgg or Vg - 0.3V
lc | Voo Supply Current 180 | 300 | pA | SCL@ 400KHz Read or Write a
SCL CMOS Levels, All Other Inputs = Vgg or Vg - 0.3V

lgg®® Standby Current 0 to 70°C 8 25 PA | SCL = SDA =V, All Other inputs :(/75; orVeg

Igg® | Standby Current -40 to 85°C 16 60 HA | SCL = SDA = V¢, All Other Inbuts : Vgs o? Ve |
I Input Leakage Current 10 BA | Viy=VgstoVeg

Lo Output Leakage Current 10 WA | Voyr =Vggto Vge

ViL Input Low Voltage —1,0‘ WVCC x0.3 Vv

Viy | Input High Voltage Vo x 0.7 Ve +05 |V o

Vory | Output Low Voltage 04 v |0L =3mA

Vorz | Output Low Voltage 0.6 V|l - 6mA B

Vhys | Input Hysteresis Ve x .05 v

(1) Typical values are measured at 25°C, 5.0V.

(2) Must perform a stop command prior to measurement.

Endurance and Data Retention Power-Up Timing (3)

Parameter Min Max Units Symbol Parameter Max Units
Endurance 10 Billion R/W Cycles tpur® Power Up to Read Operation 1 us
Data Retention 10 Years tpuw @ Power Up to Write Operation 1"- 1 s

(3) tyy g and tppy are the delays required from the time Vi is stable until the specified
AC Conditions of Test operiton e e it These parmetery e prtodclty sampleand ot
AC Conditions Test

Input Pulse Levels Vee x0.1t0 Vg x 0.9

Input Rise and Fall Times 10ns

input and Output Timing Levels Vo x 6.5

Capacitance Ty = 25°C 0 = LOMHZ. Vg = 5V

Symbol Test Max Units Conditions

Cio™ Input/Output Capacitance (SDA) 8 pF Vyo = OV
Cp' Input Capacitance (SCL, WP) - 6 pF Vi =0V

(4) This paramter is periodically sampled and not 1007 tested.
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Pin Descriptions

SCL — Serial Clock

When high, the SCL clocks data into and out of the FM24C106. 1t
is an input only. This input is built with a Schmitt trigger to provide
increased noise immunity,

SDA — Serial Data Address

This bi-directional pin is used to transfer addresses to the
FM24C106 and data to or from the FM24C16. It is an open drain
output and intended to be wire-ORed with all other devices on the
serial bus using an external pull-up resistor. The input circuitry on
this pin is built with a Schmitt trigger to reduce noise sensitivity.
The output section incorporates slope control for the falling edges.

WP — Write Protect

If tied to V¢, write operations into the upper half of the
memory (bank select A, set to 1 in the slave address) will be
disabled. Read and write operations to the lower portion of
memory will proceed normally. If the write protection feature is not
desired, this pin must be tied to V.

Bus Protocol

The FM24C16 employs a bi-directional two wire bus protocol
requiring a minimum of processor /O pins. Figure 1 shows a

typical system configuration connecting a microcontroller with an
FM24C106 and another 13C bus slave.

By convention, any device sending data onto the bus is the
transmitter, while the device that is getting the data is the receiver.
The device controlling the bus is the master and provides the clock
signal for all operations. Devices being controlled are the slaves.
The FM24C16 is al slave device.

Transitions or states on the SDA and SCL lines denote one of
four conditions: a start, stop, data bit, or acknowledge. Figure 2
shows the signaling for these conditions, while the following four
sections describe their function.

Figure 3 shows the detailed timing specifications for the bus.
Note that all SCL specifications and the start and stop specifications
apply to both read and write operations. They are shown on one or
the other for clarity. Also, the write timing specifications apply to all
transmissions to the FM24C10, including the slave and word
address, as well as write data sent to the FM24C16 from the bus
master.

Start Condition

A start condition is indicated to the FM24C106 when there is a
high to low transition of SDA while SCL is high. All commands to
the FM24C16 must be preceded by a start. In addition, a start
condition occurring at any point within an operation will abort that
operation and ready the FM24C10 to start 2 new one.

Figure 1. Typical System Configuration

A A
5 Ry = 1.8KQ
RZ R
§ ? Rumax = tr/ Cays
SCL e o e
Bus ‘
Master | SDA T i
SpA  scL| SDA  SCL
! ! Other
‘ FM 24C16 ' Bus Stave
Figure 2. Data Transfer Protocol

SDA / \ X 5 :
Stop  Start Data Bit Data Bit DataBit  Acknowledge
(Master)  (Master) (Transmitter) (Transmitter) (Transmitter) (Receiver)
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Figure 3. Bus Timing

Read
—>| H‘" tRise » 'mL 14— thigH —>
soL H R
: VALID
Stop Start Data Bit 7 Data Bit 6 Data Bits 5-0 Ackm)wh;dye Start
From FM24C16 From FM24C16 From FM24C16 To FM24C16

Write

- tsupar

Dala/Address Bit7 ﬂata/Addras Bit 6 nala/Address Bits 5-0 Acknowledge Start
To FM24C16 To FM24C16 To FM24C16 From FM24C16

SDA

Notes:

(1) All start and stop timings apply to both read and write cycles identically

(2) Clock specifications are the same for both read and write.

(3) Write timing specifications apply to slave address. word address, and write data.

Read and Write Cycle AC Parameters T, = -40°C 10 +85°C, Vg = 5.0V + 10%. Unless Otherwise Specified
Symbol parameter Standard Mode L I;ast Mode | umits
Min Max Min Max

fsoL SCL Clock Frequency 0 100 1 0 400 KHz
Tsp Noise Suppression Time Constant at SCL, SDA Inputs 50 50 ns
tan SCLLowto SDA Data OutVald 3 | 09 s
tgur Time the Bus Must Be Free Before a New Transmission Can Start 4.7*77 o 1.3 ;s
tup.sTa | Start Condition Hold Time 40 06 s
tLow Clock Low Period o 77 1.3 ps
twaH | Clock High Period T T W 0.6 s
tsy:gTa | Start Condition Setup Time (for a Repeated Start Condmon) 4.7 %'7 7 us
typ.pat | Datan Hold Time o 0 0 - ns |
tgy.pat | DataIn Setup Time - W 7 250 7 10077‘7” N 73 n
tRisE SDA and SCL Rise Time 1000 | 20+0.1G,™ 300 ns
tral | SDAand SCL Fall Time o 300 20+0.1C,¥ 300 | ns
tsy:sto | Stop Condition Setup Time S o 7;07 e 7 0.6 - ys
toy | DataOutHold Time (FromSCL@V,) 0 0 s |
tor Output Fall Time (Vjy Minto Vi, Max) | o |eoaey®] 20 | s

(4) G = Total Capacitance of One Bus Line in pF
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Stop Condition

A stop condition is indicated to the FM24C16 when there is a
low to high transition of SDA while SCL is high. All operations to the
FM24C16 should end with a stop. In addition, any operation will be
aborted at any point when this condition occurs.

Data/Address Transfers

Data/address transfers take place during the period when SCL
is high. Except under the two conditions described above, the state
of the SDA line may not change while SCL is high. Address transfers
are always sent to the FM24C16, while data transfers may either be
sent to the FM24C16 (for a write) or to the bus master (for a
read).

Acknowledge

Acknowledge transfers take place on the ninth clock cycle
after each eight-bit address or data transfer. During this clock
cycle, the transmitter will release the SDA bus to allow the receiver
to drive the bus low to acknowledge receipt of the byte.

If the receiver does not acknowledge any byte, the operation is
aborted.

Device Operation

Low Voltage Protection

When powering up, the FM24C16 will automatically perform
an internal reset and await a start signal from the bus master. The
bus master should wait Ty (or Ty ) after Vg reaches 4.5V
before issuing the start for the first read or write access.
Additionally, whenever V... falls helow 3 5V (typical), the part goes
into its low voltage protection mode. In this mode, all accesses to
the part are inhibited and the part performs an internal reset. If an
access was in progress when the power supply fails, it will be
automatically aborted by the FM24C16. When power rises back
above 4.5V, a start signal must be issued by the bus master to
initiate an access.

Slave Address
Following a start, the FM24C16 will expect a slave address
byte to appear on the bus. This byte consists of three parts as
shown in Figure 4.
W Bits 7 through 4 are the device type identifier which must be
binary 1010 as shown.
m Bits 1 through 3 are the page select bits. They select which 256-
byte block of memory will be accessed by this operation.
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B Bit 0 is the read/write bit. If set to a 1, a read operation is being
performed by the master; otherwise, a write is intended.

Word Address

After a slave device acknowledges the slave address on a write
operation, the master will place the word address on the bus. This
byte, in addition to the three page select bits from the slave address
byte, forms the address of the byte within the memory that is to be
written. This 11-bit value is latched in the internal address latch.
There is no word address specified during a read operation,
although the upper three bits of the internal latch are set to the
page select values in the slave address.

During the transmission of each data byte and before the
acknowledge cycle, the address in the internal latch is incremented
to allow the following byte to be accessed immediately. When the
last byte in the memory is accessed (at address hex 7FF), the
address is reset to 0. There is no alignment requirement for the
first byte of a block cycle — any address may be specified. There is
also no limit to the number of bytes that may be accessed in a
single read or write operation.

Data Transfer

After all address bytes have been transmitted, data will be
transferred between the FM24C16 and the bus master. In the case
of a read, the FM24C10 will place each of the eight bits on the bus
and then wait for an acknowledge from the bus master before
performing a read on the subsequent address. For a write
operation, the FM24C16 will accept eight bits from the bus master
and then drive the acknowledge on the bus.

All data and address bytes are transmitied wost significant bit
(bit 7) first.

After the acknowledge of a data byte transfer, the bus master
may either begin another read or write on the subsequent byte,
issue a stop command to terminate the block operation, or issue a
start command to terminate the current operation and start a new
one.

Figure 4. Slave Address

Device Type Page
Identifier Select
- T T T ﬁlf T T ﬁl __
1 0 1 0'A2'A1]A0|R/W

1 ! 1
BitNo.: 7 6 5 4 3 2 1 0




Write Operations

All write operations start with a slave and word address
transmission to the FM24C16. In the slave address, bit 0 should be set
to a 0 to denote a write operation. After they are acknowledged, the
bus master transmits each data byte(s) to the FM24C16. After each
byte, the FM24€16 will generate an acknowledge signal. Any number
of bytes may be written in a single write sequence. After the last byte
in the memory (address hex 7FF) is written, the address counter
wraps around to zero so that the subsequent byte written will be the
first (address 0).

There is no write delay on the FM24C16. Any operation, either a
read or write to some other address, may immediately follow a write.
Acknowledge polling, a sequence used with EEPROM devices to let
the bus master know when a write cycle is complete, will return done

immediately (the FM24C16 will acknowledge the first correct slave
address).

If 2 write cycle must be aborted (with a start or stop condition),
this should take place before the transmission of the eighth bit in
order that the memory not be altered.

The write protect (WP) pin on the FM24C16 allows the upper
half of the memory array (addresses hex 400 through 7FF) to be
protected against accidental modification. When the pin is tied to Vg,
slave and word addresses targeted at the FM24C16 will still be
acknowledged, but no acknowledge will occur on the data cycle if the
address is in the upper half. In addition, no address incrementing
occurs when writes are attempted to this half of the memory. If the
write protection feature is not desired, this pin must be tied to V.

Figure 5. Byte Write

Address and Data Stop
T T 1T T T T 17T TT T 1T % L iﬁ
‘S\ Slave Address] 1A‘ Word /l\dclﬁre‘ss' !A, L 1Data AIPJ

By FM24C16

Acknowledge

Figure 6. Multiple Byte Write

Address and Data

]

Smp

T 1T T T
Slave Address

T 1 T
Word Add(ess

HA

WL o,

|1Tli‘\ \ 1T
\lLIIIl

I S

By FM24C16

Acknowledge
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Read Operations

Current Address or Sequential Read

Sequential read operations take place from the address
currently held in the internal address latch, and so require only
that the bus master provide a slave address transfer before the
FM24C10 hegins the transfer of data to the master. In this slave
address, bit 0 should be set to a 1 to denote a read operation. Note
that the most significant three bits of the 11-bit internal address
latch are specified by the slave address word, and are therefore
always set during a read, regardless of which page the previous
access referenced.

One or multiple bytes may be read from the FM24C16 in a
single read operation. After the final byte has been read, the bus
master signifies the end of the read sequence by failing to issue an
acknowledge, or issuing a stop or start command. After the last
byte in the memory (address hex 7FF) is read, the address counter
wraps around to zero so that the subsequent byte to be read will be

the first location in the memory (address 0). These sequences are
shown below in Figures 7 and 8.

Selective (Random) Read

Selective, or random, read operations are possible on the
FM24C16 by using the first two bytes of the write operation to load
the internal address. The slave address for the part is sent out with
bit 0 (R/W) set to 0 to denote a write operation, and the word
address is set to specify the least significant 8 bits of the desired
address.

After the FM24C16 acknowledges this word address, the bus
master should abort the write and begin the read with a start
command. A new slave address is then sent out, this time with the
R/W bit set to 1. Following the slave address and acknowledge, the
FM24C16 will immediately begin transmission of the requested
data. Figure 9 shows this operation.

Figure 7. Current Address Read

By Master Slarl Atldress No Acknnwledge

'r—— Stop
T l 1T 17T | L
‘ Slave Address [1 ‘Ak Dat ‘ i j
L1 l l 11
By FM24C16 Acknowledge j Data
B
Figure 8. Sequential Read
By Master Start Address ‘_»Ackny!gdye No Acknowledge
! L ston
LI B I I T TTTTT IIIITIT ‘YIIVI
S| Slave Address J1}Al Data Data \ Data
S5 IO Y T W 1 B | é LolL ,
By FM24C16 Acknowledge Data
Figure 9. Selective Read
By Master Start Address Start Address Acknowledge  No Acknowledge
U . \ — Stop
LI I N I TT T 17T T1TT T T T 17T TTT T T T My T T T 71T
}S' Slave Address IO]M Word Address bISJ Slave Address |1[AT Data Data
O I llI_LJIIT ) T | N I O I |
By FM24C16 Acknowledge Data
L .
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Packaging Information

8-Pin Plastic or Ceramic DIP

. 041(10.36) _

0.36 (9.10)
[ W W W e
i ‘r ‘
030(7.62) 1
0.24 (6.10) | [
' |
L g ey e
0.065(1.65) = =
0.055 (1.40)
_0310(787)
0290 (7.37)
. - ) T T
0.17 (4.45) | j‘ 0.20 <
— (5.08) .
0 0(25‘”,§ LY 0360 S |
I R e
| * 0.165(4.19) / .
J, 0125 (3.18) R 0.014(0.36) = =",
- - 0,010 (0.:25)
= =000 (2.54) 4
0.023(058) = = 08 .  0395(9.37)
0.015 (0.38) 0300 (7.62)
8-Pin S0 (JEDEC)
L LuepTe
0.177 (4.50)
0009 (023) |
0.189 (4.80) - -
‘4 0_2‘0}533)’ - 0.019 (0.48) 83235}'3?%
{71} \ s )
- : :
- 0.007 (0.18) LS _— L H
009 (0.23) . oo
0050(127) = = = = 0013(033) 08
0.020 (0.51) - 88% ('8 ;g;
X (0.
- < 0.016(0.40)
. 022880 | 0ms0(127)
0244 (6.20)
Ordering Information
FM 24C16 - PS

\——- Package Type (8-Pin)

PS - Plastic Skinny DIP

PT - Thin Plastic Skinny DIP
S - Plastic SOP

C - CERDIP

16K Serial FRAM Memory

—————— Ramtron Ferroelectric Memory

Ramtron International Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in a Ramtron product.
nor does it convey or imply any license under patent or other rights.

FRAM is a Registered Trademark of Ramtron International Corporation.
© Copyright 1994 Ramtron International Corporation
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F\EMTRON

THE FRAM TECHNOLOGY

Ramtron is the first semiconductor company to make the
combined breakthroughs necessary in materials, processing,
and design to manufacture solid state ferroelectric memory
devices. The result of these achievements is a process which
merges ferroelectrics with silicon to create ferroelectric
random access memories (FRAM memories) with significant
benefits compared to existing products.

The ferroelectric effect is the ability of 2 material to retain
an electric polarization in the absence of an applied electric
field. This stable polarization results from the alignment of
internal dipoles within the Perovskite crystal units in the
ferroelectric material. Application of an electric field that
exceeds the coercive field of the material will cause this
alignment, while reversal of the field reverses the alignment of
these internal dipoles.

The name ferroelectric derives from the similarity to a
ferromagnetic material's ability to exhibit 2 magnetic
polarization in the absence of an applied magnetic field.
Ferroelectric materials are insensitive to magnetic fields. The
construction of the FRAM memory products also makes them
insensitive to practical external electric fields.

Applied
Electric
Field

@ B =Tetra or Pentavalent Atom
. A = Di or Monovalent Metal Atoms

‘ 0 = Oxygen Atoms

Hg. 1 Perovskite Crystal Unit Cell

FRAM® Technology

A simplified model of a unit ferroelectric crystal is shown
in Figure 1. An externally applied electric field will move the
center atom into one of the two stable positions shown based
upon the direction of the field. Once the external field is
removed, the atom remains in a stable position. Since no
external electric field or current is required for the
ferroelectric material to remain polarized in either state, a
memory device can be built for storing digital (binary) data that
will not require power to retain information stored within it.

By applying the interdisciplinary talents of its staff,
Ramtron has developed a complex proprietary thin-film
ferroelectric material which is compatible with standard
semiconductor fabrication techniques. The nonvolatile storage
element in FRAM memories is a capacitor constructed from two
metal electrodes and a ferroelectric thin film inserted between
the transistor and metallization layers of a CMOS process.

Data stored in a ferroelectric memory cell can be read by
applying an electric field to the capacitor. If the applied field is
in the direction to switch the internal dipoles, more charge will
be moved than if the dipoles are not reversed. Sense amplifiers
built into the FRAM chips measure this charge and produce
cither a zero or one on the output pins. Afier the read takes
place, the chip automatically restores the correct data to the
cell.

Another aspect of the Ramtron ferroelectric material — its
very high dielectric constant — permits the very efficient
construction of capacitor elements on the chip. For use as both
data storage, such as in a DRAM cell, or power storage, such as
on a remotely accessed system, this property of the material
offers the potential for a wide variety of new devices.

The development of the FRAM memory has required
significant effort from a combined team of highly trained
engineers and scientists and is covered under numerous
patents. As these development efforts continue, the capabilities
of the chips built by Ramtron will continue to increase and their
cost will decrease. Using advanced ferroelectric technology, in
the future Ramtron will be able to approach the density and
manufacturing economics of DRAM memory, providing the
ideal memory solution for almost every application.

(Continued on Back)
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THE FRAM ARCHITECTURE

Ferroelectric random access memories (FRAM memories)
from Ramtron combine the features of several different types of
memory to offer a true system memory solution. They integrate
the fast reads and writes of SRAM, the nonvolatility of EEPROM,
and very high read/write endurance onto a single, cost effective
chip.

Current FRAM products are built using a dual element
differential sense approach, as shown in Figure 1. In this
architecture, somewhat like an SRAM cell, two nonvolatile
elements are integrated in every memory cell, each polarized in
the opposite direction. To read the state of the memory cell,
both nonvolatile elements are polarized in the same direction. A
differential amplifier (sense amp) connected to the bit lines
measures the difference between the amount of charge
transterred from the two cells and sets the output accordingly.

Bit Line True Bit Line Complement
| e
F ! (S} ‘
Word Line t {
! ]
l / _ly
| VA s
T o
Plate R f Nt i
Enable %

Ferroelectric Capacitors

Fig. 1 Dual Memory Element Cell

Differential cells are inherently reliable since common
mode variations in the characteristics of the nonvolatile
elements are canceled out. Unfortunately, they require two
nonvolatile elements, two access devices, and two bit lines. In
order to increase the density of the FRAM devices, future
Ramtron designs will employ single cell architectures that use
only one nonvolatile
element in each cell.

A single ended ] A
FRAM cell is shown in |
Figure 2. In this + )
architecture, which is
similar to that of a
standard DRAM or
EEPROM, only one

Bit Line

Word Line — " Ferroelectric
7T Capacitor

Pulsed Common Plate

nonvolatile element is
used. When reading
the cell, the element is

______________|
Fig. 2 Single Memory Element Cell

polarized and the charge transferred is compared to a
reference cell or other fixed level. The result of this comparison
determines whether a one or a zero was stored in the cell.

Like 2 DRAM, all FRAM accesses modify the state of the
storage element, which is then internally restored by the chip
during the precharge portion of the cycle. This operation takes
place automatically, without any intervention from the system.

Two key aspects of the FRAM technology allow Ramtron to
offer products that are superior to those manufactured with
other EEPROM technologies. First, it employs a polarization
technique instead of a charge tunneling mechanism. Second, it
permits all internal operations to utilize five volts, instead of the
12 to 15 volts required by conventional EEPROM technologies.

In order to program (write) a state into a FRAM cell, the
electric field need be applied for less than 100ns in order to
polarize the nonvolatile elements. In a standard EEPROM, it
takes a millisecond or more for sufficient charge to travel
through the insulating oxides to charge up the gate element. In
addition, the high voltage generation circuitry takes some time
to stabilize before it can cause this transfer to take place. These
differences allow a FRAM memory cycle time of 500ns worst
case, compared to 10ms for an EEPROM.

In an EEPROM, the charge tunneling across the oxide layer
degrades its characteristics of the oxide, causing catastrophic
breakdown or excessive trapped charge. For these reasons,
EEPROM devices are guaranteed for only 10,000 to 100,000
write cycles. FRAM memories do not suffer from these same
limitations, and so can provide 10 billion (101%) cycles,
although both read and write operations must adhere to these
limits.

High voltage generation requires an oscillator, charge
pump, charge storage capacitor, and regulator circuit on the
chip, which take significant area on an EEPROM. In addition,
this added circuitry increases the power consumption of the
chip, which can be quite significant for some products. For
example, the FM24C04 serial 4K FRAM memory uses 10 to 50
times less active power than competing parts.

Connecting high voltages to the individual cells requires
that critical layout dimensions within the memory array be
larger to withstand the increased voltage levels. While current
FRAM products utilize 1.5p and 1.2p rules to simplify
fabrication, future products will be able to take advantage of the
latest CMOS technologies to achieve the high density and low
cost typical of DRAMs.

1-26
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Benefits Of Ramtron's FM24C04
Serial FRAM® Memory

Application Brief

REMRDN

Ramtron's FM24C04 serial ferroelectric random access memory,

or FRAM® memory, is completely plug compatible with 12C based i e
24C04 parts manufactured by Xicor, Signetics. Microchip,
SGS Thomson, Atmel, and others, but provides C.LEAR. _ 13088
advantages. The bar graphs in Figure 1 graphically show some of Standby
these henefits. Current | 4] 25pA

Serial aceess parts are often used in microcontroller based L
products. As such applications often do not demand fast access or
high density. the low cost of the FM24CO-+ can provide a significant

savings. In a system with no other external memory, adding a

parallel aceess EEPROM requires as many as 19 1O pins to be used, cactive 2mA
while the FM24C04 requires only two pins. Since the part only has (Read, Max) || 100,

cight pins, it can be fit into a Smm x 6mm SOP package, requiring

very little board space.

Ramtron's FRAM memory is based on thin film ferroelectric
storage elements developed and patented by Ramtron. This
architecture provides random access, but all writes are nonvolatile so Active m
Ihcrg".;lrc no Ion.g 10ms chzlys. A ‘ (w,i'f'"zz';; ] J00pA

Since there is no write delay, there is no need for the processor
to perform an acknowledge polling loop to determine whether the
serial part is available. If an acknowledge poll cycle is initiated in a
system containing the FM24C04. it will immediately acknowledge
that anv previous write has completed. I 100 Thousand Cycles

Another advantage of the immediate write is that the entire Endurance : ]
memory can be written with a single page mode cycle. For 10 Billion Cycles
conventional serial EEPROMs, only 10 bytes can be written, after
which the processor must wait for the internal write of 10ms to

complete before issuing another page mode cycle.

Both the active and standby current consumption of the Ramtron U
part is signiticantly lower than other manufacturers. Typical CMOS F"”sﬁ':'f’é —
standby current for the FM24C04 is only 10uA. which can greatly ___J 47ms
extend operating life in battery powered systems, compared to other
serial EEPROMSs which take up to 750pA. Active current is only
100pA (maximum), versus 2mA or 3mA for other parts.

The high write endurance of the FM24C04 provides for longer - :]

B O L . S e Other 24C04 Parts Ramtron FM24C04
system life in any write intensive application. At 10 billion read/write
cycles. itis 10,000 to 100,000 times greater than any other serial
EEPROM, allowing more efficient usage.

Write protection for the upper 256 bytes of memory can he
obtained by connecting the WP pin to V. This feature allows the
designer to use this block for information such as a serial number or
calibration data which is entered into the memory when the system
is built. During normal operation of the system, no changes can
oceur in this block of memory.

The FM24C04 is available in an 8-pin mini-DIP as well as an 8-
pin SOP package, ideal for space limited applications.

© 1994 International ion, 1850 Ramtron Drive, Colorado Springs, CO 80921
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Ramtron's ferroelectric random access memory (FRAM
memory) devices, like most other nonvolatile storage devices, allow a
limited number of write operations to take place over the life of the
part. This limit, known as the endurance of the device, also applies to
read operations on a FRAM memory. This applications brief explains
the endurance requirements for various system environments.

Traditional EEPROM devices usually have write cycle limitations
of between 10,000 (10+) and 100,000 (103) cycles. They have no
limitations on the number of reads that may be performed. In
contrast, FRAM memories have an endurance rating of 10 billion
(101) cycles, but this limit applies to read operations as well as
writes.

FRAM memories utilize a thin film ferroelectric material to form
the nonvolatile element, polarizing it in one direction or another in
order to store a binary value. EEPROMs rely on charge tunneling
through an oxide to a floating gate, resulting in higher material
stresses and lower endurance. Other benefits of the technology
include very fast write cycle times (340ns to 400ns instead of 10ms),
completely random access (no page mode organization), and true 5V
only operation within the device.

In many applications requiring nonvolatile memory, a single byte
or group of bytes are written frequently, perhaps to update the
current state of the system or to keep track of the current time. In
such situations, the rate at which these updates take place, along with
the lifetime of the system, determines the endurance requirement for
the nonvolatile memory.

Table 1. Endurance Requirements

Endurance Gonsiderations For
FRAM® Memory

Application Brief

Table 1 lists the nonvolatile memory endurance requirements for
a number of different situations. It shows that writes at intervals
between 30 milliseconds (33Hz) and one hour cannot be satisfied
with an EEPROM, but work quite well with the FRAM memory.

Table 1 assumes system operation 24 hours per day, 305 days
per vear. For many systems, such as consumer electronics, vending
machines, or cellular phones, this assumption may result in excessive
endurance requirements. Entries in the table should be reduced
appropriately for these applications.

Program store applications are generally considered to require
very high read endurance, since even slow processors execute
instructions (and therefore read them from memory) at 1ys intervals.
The first line in Table 1 below includes the (read) endurance
required for a simple program loop that is assumed to consist of a
10-byte program executed at 1ps per instruction.

For interrupt or other asynchronous event handling, however,
the endurance requirements for program storage could be much
lower. To cite a simple example, a system might maintain the current
time of day by interrupting the processor every second. That interrupt
handler would require only a 109 endurance level.

Another important application area is continuous data storage.
Example systems might include data acquisition systems, such as test
and measurement equipment or flight data recorders, and first-
inffirst-out (FIFO) buffers, such as disk write buffers or some high
reliability network systems. In these applications, the memory is
usually organized as a circular buffer.

1

ACCESS FREQUENCY PRODUCT LIFETIME
Interval N Rate 5 Year 10 Year 15 Year APPLICATION
10ps 100KHz 101 1014 1014 Program Loop
a 23ps 44KHz 101 1013 1014 Digital Audio
” 1ms 7 1KHz 1012 1072 1012
7 17ms 60Hz 1010 10 10M Line Frequency
- 30ms 33Hz 1010 1010 10 1800 RPM
v‘sdnrwrs' 20Hz 1010» ' 1010 1010
1 Second 1Hz 108 109 109 Simple Clock
3 Seconds 108 108 108
o Minute 107 107 107
15 Minutes 96/Day 108 108 108 Frequent Usage
1 Hour 24/Day 10° 106 106
i 77”78 Hours 3/Day 104 105 108 Normal On/Off

FRAM is a registered trademark of Ramtron International Corporation.
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In a circular buffer, the memory is accessed sequentially using
pointers or key memory values to locate the current head or tail of
the list, which constantly cycle through the array. If the system
contains more than one FRAM device, all locations in the first device
would be accessed, followed by each of the other devices in a serial
manner. For a system with this type of architecture, the endurance
requirement depends on both the access rate and the depth of the
buffer.

Table 2 below shows the endurance requirements for various
buffer depths. Since bandwidth is a key parameter for such systems,

Table 2. Endurance Requirements

that number is also listed in the table below. The bandwidth numbers
shown in this table are in ytes per second, not bits per second, for
1- and 4-bvte buffer widths. All values in the table assume a ten vear
product life.

In summary, an understanding of the application is required to
determine the endurance necessary for nonvolatile memory. Systems
which require writes to occur at a rate faster than once per hour for
10 vears would benefit from the high endurance capabilities of FRAM
memory.

ACCESS FREQUENCY ENDURANCE BANDWIDTH
Buffer Depth Buffer Width
Interval Rate - -
512 8K 64K 256K 1Byte 4 Byles
100ns 10MHz 1013 1012 10 1070 10M 40M
1ps 1MHz 1012 101 1010 10° M 4M
1 ) 10 T Wgﬁv Br

10ps 100KHz 10 10 10 108 .L,,,, 0K | 400K
100ps 10KHz 1010 B 109 108 107 10K 40K
1ms 1KHz 109 108 107 108 1K 4K
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Ramtron’s FM1608S 8k x 8 ferroelectric random access memory
(FRAM memory) provides an ideal replacement for many integrated
battery-backed SRAM (BBSRAM) products such as Dallas
Semiconductor’s DS1225 or $GS/Thomson’s MK48Z09.

FRAM memories are monolithic nonvolatile chips based on
ferroelectric technology. They feature fast write cycles and high
read/write endurance in standard surface mount and DIP packaging
in 512 x 8 and 8k x 8 densities.

In many application scenarios, such as storing critical
information after a power loss, continuous storage of diagnostic data,
current equipment, or supply status, user programming, factory
calibration/configuration, or up-to-date machine status, a FRAM
memory offers significant benefits compared to a BBSRAM.

B Reduced Component Size — BBSRAM products are only
available in high (0.4 inch) 600 mil packages. FM1608S devices
are available in the standard surface mount package. In addition,
they are available in DIP packages with the same footprint and
pinout as the BBSRAM products.

B Cost — Because they contain an SRAM, lithium battery, and
power management chip, the cost of a BBSRAM plus the added
manufacturing cost is substantially higher than a Ramtron
FM1608S.

B Ease of Manufacture — Because the FM1608S is packaged
in standard profile plastic DIP and surface mount packages, it
can be assembled on the PC board with all other components.
BBSRAM products are typically hand inserted or socketed.

B Product Lifetime — Although specified as 10 years at room
temperature (25°C), battery-backed devices will exhibit
significantly shorter life if exposed to elevated temperature or
frequent power transitions. When a BBSRAM fails, the product
must be returned to the factory to have the system repaired. The
FM1608S has a retention specification of 10 years but can be
reprogrammed after 10 years if necessary for an arbitrarily long
lifetime. There is no way to determine the life remaining in such
a batterv.

B Current Consumption — The DS1225 BBSRAM draws 75mA
when active and Sma while in standby mode. The FM1608$

Replacing A Dallas Semiconductor
DS1225 With FRAM® Memory

Application Note

draws 25mA when active and only 100pA when in standby mode.
For small battery-powered systems, this difference can
significantly increase battery life.

B Design Sensitivity — The power-up/power-down ramp rates
affect reliability and product life for BBSRAMS, as specified in
their datasheets. A FRAM memory has no such requirement.
BBSRAM products are also much more sensitive to over voltage
and under voltage conditions on their pins, situations which can
easily occur during brown outs or power failures.

Replacing a2 BBSRAM with an EEPROM is usually impossible.
EEPROMs have limited write endurance, typically 10,000 to 100,000
cycles, so writes must be managed carefully by the system. EEPROMs
also have long write delays after a write cycle, often up to 10ms,
requiring software delay loops. This extended write delay also makes
it difficult to save data during an unexpected power loss.

A patented ferroelectric technology has allowed Ramtron’s FRAM
memory to offer these benefits without many of the disadvantages of
EEPROMs. The fundamental nonvolatile write mechanism is based on
a polarization principle, so it can be accomplished within the write
cvcle and does not require the long 10ms delay typical of EEPROMs.
Since random writes can take place anywhere in the FRAM memory,
there is no need to organize nonvolatile data within EEPROM pages to
reduce delay time, 2 significant software benefit.

A second advantage of ferroelectric technology is substantially
higher endurance — 10 billion read/write cycles, versus only
100,000 for EEPROMs. Note that with FRAM memory, both reads and
writes cause a nonvolatile cell change to take place, so each require
an endurance cycle.

With minor system changes, the FM1608S can replace a
BBSRAM. Systems that function properly with a FRAM device will also
work with a BBSRAM in the same socket. Designers should be aware
of the following when modifying a system to accept the FRAM
product:

1) The FM1608S has an internal address latch that is triggered
by the falling edge of CE. With a BBSRAM, addresses may
change before or after chip enable is asserted — the access
is re-started with every transition on the address lines.

Figure 1. Read Access

— _ﬁ
CE &

Active —AW

A0-12 &— Setup —»|<€— Hold -> - '
<«— Access —»
1/0 07 Valid
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Figure 1 shows the basic timing required for a read access 5) The access time of the FM1608S is 250ns for both reads
on the FM1608S. and writes. Systems which require the faster 150 or 170ns
access time of the Dallas part will have to add extra wait

2) Typically, the output of an address decoder is connected states to accommodate the Ramtron part,

directly to the memory. In some systems, chip enable may

be connected to ground, permanently enabling the RAM, 0) The FM1608S specifies a precharge time of 140ns. This is
with the output enable being connected to the decoder. the time after an access has terminated (chip select goes
Without minor circuit changes, neither of these two high) before which another access can take place. In most
configurations will permit the FM1608S to operate properly. situations, the processor and related control circuitry will

provide this delay without additional circuitry. There is no

3) In order to make the FM1608S operate properly, either a precharge requirement for BBSRAMSs.

strobe from the processor (such as ALE or AS) or one of

the processor clock signals can be used to gate the 7) Read endurance (plus write endurance) is limited (on the
decoded addresses to generate a proper chip enable for the FRAM memory to 10 billion cycles. For this reason,
FM1608S. Figure 2 shows an example circuit for an Intel constant program execution cannot take place directly out
80C51 family processor. The 74HCT373 latch is not of the FRAM memory. For a system in full operation 24

hours per day, 265 days per year, accesses to a particular
location may take place at a rate of about every three
seconds for a 10 year product life. Of course, for systems

necessary for proper operation, as port 0 may be directly
connected to the lower address pins on the FRAM.

4) Note that an access takes place within the FM1608S when that do not see continuous usage, accesses may take place
chip enable is asserted regardless of the state of output at a greater frequency.
enable (OE). If OE is used as a second chip select during
read operations, then additional circuitry must be placed in In most applications, Ramtron’s FM1608S offers reduced board
the chip enable path to prevent the access if it is not to that ~ space, increased reliability, enhanced performance and lower cost
particular FRAM. compared to integrated battery backed SRAM products.
Figure 2.
Intel 80651
Reset Ramtron
Fos Por 74 FRAM Memory
ABL Y0 FM1608S
o 74HC138
PSEN G1_ Decoder —
RST G2A CE
9 G2B
Poo-Poa 5 Ag-Ay,
ALE
| 1
LE - OE
RooPor [ D7 l,ff,,” Qo7 Ap-A;
Dy- D,
RD 0E
WR — — WE
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Features

B 2Kbit SRAM Cache Memory for 15ns Random Reads Within a Page

B 8ns Burst Read Capability

W Fust tMbit DRAM Array for 35ns Access to Any New Page

W Write Posting Register for 15ns Random Writes and Burst Writes
Within a Page (Hit or Miss)

m Simple On-chip Page Caching Control Allows DRAM-like System
Architecture and Compatibility

B 250-byte Wide DRAM to SRAM Bus for 7.3 Gigabytes/Sec Cache Fill

Description

The Ramtron 4Mb enhanced DRAM combines raw speed with
innovative architecture to offer the optimum cost-performance
solution for high performance local or system main memory. In most
high speed applications, no-wait-state performance can be achieved
without secondary SRAM cache and without interleaving main memory
banks at system clock speeds of greater than 66MHz. The EDRAM

outperforms conventional SRAM cache plus DRAM memory systems by

minimizing processor wait states for all possible bus events, not just
cache hits. The combination of input data and address latching, 2K of
fast on-chip SRAM cache, and simplified on-chip cache control allows
system level flexibility, performance, and overall memory cost
reduction not available with any other high density memory
Ccoiiipoiieiii. Arciteciural simifarity with JEDEC DRAMS aliows a single
memory controller design to support either slow JEDEC DRAMs or
high speed EDRAMs. A system designed in this manner can provide a
simple upgrade path to higher system performance.

DM2200 EDRAM
4Mb x 1 Enhanced Dynamic RAM

Product Specification

m On-chip Cache Hit/Miss Comparators Maintains Cache Coherency
on Writes

W Hidden Precharge Cycles

m Hidden Refresh or /CAS Before /RAS Type Refresh Cycles

m Extended 64ms Refresh Period for Low Standby Power

o Standard CMOS/TTL Compatible 1/0 Levels and +5 Volt Supply

| 300 Mil Plastic SOJ Package

Architecture

The architecture is similar to a standard 4Mb page mode or
static column DRAM with the addition of an integrated cache and
internal control which allows it to operate much like a page mode or
static column DRAM.

The EDRAM's SRAM cache is integrated into the DRAM array as
tightly coupled row registers. Memory reads always occur from the
cache row register. When the internal comparator detects a page hit,
only the SRAM is accessed and data is available in 15ns from column
address. When a page read miss is detected, the new DRAM row is
loaded into the cache and data is available at the output all within
35ns from row enable. Subsequent reads within the page (burst reads
or random reads) can continue at 15ns cvcle time. Since reads occur
trom the SRAM cache, the DRAM precharge can occur simultaneously
without degrading performance. The on-chip refresh counter with
independent refresh bus allows the EDRAM to be refreshed during
cache reads.

Functional Diagram Pin Configuration
CAL ————————————— Column An 10 T
Lﬁ?cdn - Column Decoder AO[ q 28 ]VSS
2048 X 1 Cache (Row Register) A2 27 Ja
11 Bit
Com’p ' *q As(] 3 2 [JD
Sense Amps A4 25 [JN/IC
i 1 & Coluvv?zEWth‘e Select Jh —e D ¢ [ ]
Last T Conto hs(] 8 24 v
Ao1o Fou || oL RE[]6 23 [1/6
Jaa Latches Vee [ 7 22 [JVee
s [ /WE Ves [] 8 21 []Ves
R B M
At = i ’ As[]9 20 [1/we
Latch S (2048 X 2048) s A {10 19 (]/s
H
&
A
L sl] 11 18 [1/F
A 12 17 [JWR
PA— Ag[] 13 16 []/CAL
Rog ————e Vg
/F o— Row Add |« Vee [] 14 15 (1A
WR e—oI, and Refresh
Refresh Counter —
/RE ®—— Control

The information contained herein is subject to change without notice.
Ramtron reserves the right to change or discontinue this product without notice.
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Memory writes are internally posted in 15ns and directed to
the DRAM array. During a write hit, the on-chip address
comparator activates a parallel write path to the SRAM cache to
maintain coherency. The EDRAM delivers 15ns cycle page mode
memory writes. Memory writes do not affect the contents of the
cache row register except during a cache hit.

By integrating the SRAM cache as row registers in the DRAM
array and keeping the on-chip control simple, the EDRAM is able
to provide superior performance without any significant increase in
die size over standard slow 4Mb DRAMSs. By eliminating the need
for SRAMs and cache controllers, system cost, board space, and
power can all be reduced.

Functional Description

The EDRAM is designed to provide optimum memory
performance with high speed microprocessors. As a result, it is
possible to perform simultaneous operations to the DRAM and
SRAM cache sections of the EDRAM. This feature allows the EDRAM
to hide precharge and refresh operation during SRAM cache reads
and maximize SRAM cache hit rate by maintaining valid cache
contents during write operations even if data is written to another
memory page. These new functions, in conjunction with the faster
basic DRAM and cache speeds of the EDRAM, minimize processor
wait states.

EDRAM Basic Operating Modes

The EDRAM operating modes are specified in the table below.

Hit and Miss Terminology

In this datasheet, “hit” and “miss” always refer to a hit or miss
to the page of data contained in the SRAM cache row register. This
is always equal to the contents of the last row that was read from
(as modified by any write hit data). Writing to a new page does not
cause the cache to be modified.

DRAM Read Hit

1f a DRAM read request is initiated by clocking /RE with W/R
low and /F and /CAL high, the EDRAM will compare the new row
address to the last row read address latch (LRR; an 11-bit latch
loaded on each /RE active read cycle). If the row address matches
the LRR, the requested data is already in the SRAM cache and no
DRAM memory reference is initiated. The data specified by the
column address is available at the output pins at the greater of
times ty; or tqy. Since no DRAM activity is initiated, /RE can be

EDRAM Basic Operating Modes

brought high after time tg;;,, and a shorter precharge time, tgp,, is
required. It is possible to access additional SRAM cache locations
by providing new column addresses to the multiplex address
inputs. New data is available at the output at time t,, after each
column address changes. During read cycles, it is possible to
operate in either static column mode with /CAL=high or page
mode with /CAL clocked to latch the column address.

DRAM Read Miss

If 2 DRAM read request is initiated by clocking /RE with W/R
low and /F and /CAL high, the EDRAM will compare the new row
address to the LRR address latch (an 11-bit latch loaded on each
/RE active read cycle). If the row address does not match the LRR,
the requested data is not in SRAM cache and a new row must be
fetched from the DRAM. The EDRAM will load the new row data
into the SRAM cache and update the LRR latch. The data at the
specified column address is available at the output pins at the
greater of times tpyc, ty, and tgqy. Itis possible to bring /RE high
after time tyy; since the new row data is safely latched into SRAM
cache. This allows the EDRAM to precharge the DRAM array while
data is accessed from SRAM cache. It is possible to access
additional SRAM cache locations by providing new column
addresses to the multiplex address inputs. New data is available at
the output at time t,. after each column address change. During
read cycles, it is possible to operate in either static column mode
with /CAL=high or page mode with /CAL clocked to latch the
column address.

DRAM Write Hit

1f a DRAM write request is initiated by clocking /RE while W/R
and /F are high, the EDRAM will compare the new row address to
the LRR address latch (an 11-bit address latch loaded on each /RE
active read). If the row address matches, the EDRAM will write data
to both the DRAM array and selected SRAM cache simultaneously
to maintain coherency. The write address and data are posted to
the DRAM as soon as the column address is latched by bringing
/CAL low and the write data is latched by bringing /WE low (both
/CAL and /WE must be high when initiating the write cycle with the
falling edge of /RE). The write address and data can be latched very
quickly after the fall of /RE (tgyy; + tasc for the column address and
tps for the data). During a write burst sequence, the second write
data can be posted at time tygy, after /RE. Subsequent writes within
a page can occur with write cycle time ty;. With /G enabled and
/WE disabled, it is possible to perform cache read operations while
the /RE is activated in write hit mode. This allows read-modify-

Function s /RE WR F Ag10 Comment

Read Hit L \ L H Row = LRR l\To/DRAM Reference, Data in Cache ]
Read Miss L l u‘lr 7 —4LR *—>‘H——~ Row = LRR DRAM Row to Cache B

Write Hit " LW T ‘L H H Row =LRR Write to DRAM and Cache, Reads Enabled

Write Miss L { | _H H Row # LRR Write to DRAM, Cache Not Updated, Read-; Eisabled
Internal Refresh 7)-(_7—‘/~l_g”';—‘ L X B o

Low Power Standby H H X X N X 1mA Standby Current o -
Unallowed Mode - k; l X H X - a

H = High: 1. = Low: X = Don't Care: L = High-to-Low Transition: LRR = Last Row Read



write, write-verify, or random read-write sequences within the page
with 15ns cycle times (the first read cannot complete until after
time tgyc,). At the end of a write sequence (after /CAL and /WE are
brought high and g is satisfied), /RE can be brought high to
precharge the memory. It is possible to perform cache reads
concurrently with precharge. During write sequences, a write
operation is not performed unless both /CAL and /WE are low. As a
result, the /CAL input can be used as a byte write select in multi-
chip systems. If /CAL is not clocked on a write sequence, the
memory will perform a /RE only refresh to the selected row and
data will remain unmodified.

DRAM Write Miss

If 2 DRAM write request is initiated by clocking /RE while W/R
and /F are high, the EDRAM will compare the new row address to
the LRR address latch (an 11-bit latch loaded on each /RE active
read cycle). If the row address does not match, the EDRAM will
write data to the DRAM array only and contents of the current
cache is not modified. The write address and data are posted to the
DRAM as soon as the column address is latched by bringing /CAL
low and the write data is latched by bringing /WE low (both /CAL
and /WE must be high when initiating the write cycle with the
falling edge of /RE). The write address and data can be latched very
quickly after the fall of /RE (tg,y + tygc for the column address and
tps for the data). During a write burst sequence, the second write
data can be posted at time tyqy, after /RE. Subsequent writes within
a page can occur with write cycle time tp. During a write miss
sequence, cache reads are inhibited and the output buffers are
disabled (independently of /G) until time tyyy after /RE goes high.
At the end of a write sequence (after /CAL and /WE are brought
high and ty; is satisfied), /RE can be brought high to precharge the
memory. It is possible to perform cache reads concurrently with
the precharge. During write sequences, a write operation is not
performed unless both /CAL and /WE are low. As a result, /CAL can
be used as a byte write select in multi-chip systems. If /CAL is not
clocked on a write sequence, the memory will perform a /RE only
refresh to the selected row and data will remain unmodified.

/RE Inactive Operation

It is possible to read data from the SRAM cache without
clocking /RE. This option is desirable when the external control
logic is capable of fast hit/miss comparison. In this case, the
controller can avoid the time required to perform row/column
multiplexing on hit cycles. This capability also allows the EDRAM to
perform cache read operations during precharge and refresh
cycles to minimize wait states. It is only necessary to select /S and
/G and provide the appropriate column address to read data as
shown in the table below. The row address of the SRAM cache
accessed without clocking /RE will be specified by the LRR address
latch loaded during the last /RE active read cycle. To perform a
cache read in static column mode, /CAL is held high, and the cache
contents at the specified column address will be valid at time t,;
after address is stable. To perform a cache read in page mode,
/CAL is clocked to latch the column address. The cache data is
valid at time t,¢ after the column address is setup to /CAL.

On-Chip SRAM Interleave

The DM2200 has on on-chip interleave of its SRAM cache
which allows 8ns random accesses (ty;) to up to three data words
(burst reads) following an initial read access (hit or miss). The
SRAM cache is integrated into the DRAM array ina 512 x 4
organization. It is converted into a 2K x 1 page organization by
using an on-chip address multiplexer to select one of four bits to

tho antont nin D (a¢ chown holow) The enecific datahit colocted to
e Gulpll pin 0 (48 SA0WN BEICW). e SPECiiiC Gatadil seeCieG 1o

the output pin is determined by column addresses Ay and A,
System operation is consistent with the standard “Functional
Description” and timing diagrams shown in this specification. See
the note in the read timing diagrams and “Switching
Characteristics” chart for the faster access and data hold times.

DM2200 Datapath Architecture
Row Address EDRAM
Agqg > | 4MDRAM Array
2,048 Bits
Y
Column Address EDRAM
Ag-g > 2K SRAM Cache
4 Bits
A
Column Address 4101
Ag. Aqg Output Selector
i 1Bit
D

Function /S| /6 | /CAL Ag.1o

Cache Read (Static Column) | L L H | Column Address

Cache Read (Page Mode) L L I | Column Address

H = High; L = Low; X = Don't Care; { = Transitioning
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Internal Refresh

If /F is active (low) on the assertion of /RE, an internal refresh
cycle is executed. This cycle refreshes the row address supplied by
an internal refresh counter. This counter is incremented at the end
of the cycle in preparation for the next /F type refresh cycle. When
/F type refreshing is used, at least 1,024 /F cycles must be executed
every 04ms. /F refresh cycles can be hidden because cache
memory can be read under column address control throughout the
entire /F cycle. /F cycles are the only active cycles during which /8
can be disabled. In this case, the output remains disabled.

/CAL Before /RE Refresh (“/CAS Before /RAS”)

/CAL before /RE refresh, a special case of internal refresh, is
discussed in the “Reduced Pin Count Operation” section below.

/RE Only Refresh Operation

Although /F refresh using the internal refresh counter is the
recommended method of EDRAM refresh, it is possible to perform
an /RE only refresh using an externally supplied row address. /RE
refresh is performed by executing a write cycle (W/R and /F are
high) where /CAL is not clocked. This is necessary so that the current
cache contents and LRR are not modified by the refresh operation.
All combinations of addresses A,  must be sequenced every 64ms
refresh period. A, does not need to be cycled. Read refresh cycles
are not allowed because a DRAM refresh cycle does not occur when
a read refresh address matches the LRR address latch.

Low Power Mode

The EDRAM enters its low power mode when /S is high. In this
mode, the internal DRAM circuitry is powered down to reduce
standby current to 1mA.



Initialization Cycles

A minimum of 10 initialization (start-up) cycles are required
before normal operation is guaranteed. A combination of eight /F
refresh cycles and two read cycles to different row addresses are
necessary to complete initialization.

Unallowed Mode

Read, write, or /RE only refresh operations must not be
initiated to unselected memory banks by clocking /RE when /8 is
high.

Reduced Pin Count Operation

Although it is desirable to use all EDRAM control pins to
optimize system performance, it is possible to simplify the interface
1o the EDRAM by either tying pins to ground or by tying one or
more control inputs together. The /S input can be tied to ground if
the low power standby mode is not required. The /CAL and /F pins
can be tied together if hidden refresh operation is not required. In
this case, a CBR refresh (/CAL before /RE) can be performed by
holding the combined input low prior to /RE. The /WE input can be
tied to /CAL if independent posting of column addresses and data
are not required during write operations. In this case, both column
address and write data will be latched by the combined input
during writes. If these techniques are used, the EDRAM will require
only four control lines for operation (/RE, /CAS [combined /CAL,
/F, and /WE], W/R, and /G). The simplified control interface still
allows the fast page read/write cycle times, fast random read/write
times, and hidden precharge functions available with the EDRAM.

Pin Descriptions

/RE — Row Enable

This input is used to initiate DRAM read and write operations
and latch a row address as well as the states of W/R and /E It is not
necessary to clock /RE to read data from the EDRAM SRAM row
registers. On read operations, /RE can be brought high as soon as
data is loaded into cache to allow early precharge.

/CAL — Column Address Latch

This input is used to latch the column address and in
combination with /WE to trigger write operations. When /CAL is
high, the column address latch is transparent. When /CAL is low,
the column address is closed and the output of the latch contains
the address present while /CAL was high. /CAL can be toggled when
/RE is low or high. However, /CAL must be high during the high-to-
low transition of /RE except for /F refresh cycles.

W/R — Write/Read

This input along with /F specifies the type of DRAM operation
initiated on the low going edge of /RE. When /F is high, W/R
specifies either a write (logic high) or read operation (logic low).
/F— Refresh

This input will initiate 2 DRAM refresh operation using the
internal refresh counter as an address source when it is low on the
low going edge of /RE.

y, 11/ -4 [TTPH VN SN N PN
/YL = WIInG Liauic

This input controls the latching of write data on the input data
pins. A write operation is initiated when both /CAL and /WE are
low.

/G — Output Enable

This input controls the gating of read data to the output data
pin during read operations.
/S — Chip Select

This input is used to power up the I/0 and clock circuitry.
When /8 is high, the EDRAM remains in a powered-down
condition; read and write cycles cannot be executed while /8 is
high. /S must remain active throughout any read or write
operation. Only the /F refresh operation can be executed when /S is
high.

D — Data Input

This input pin is used to write data to the EDRAM.
Q — Data Output

This output pin is used to read data from the EDRAM.
Ag.19— Multiplex Address

These inputs are used to specify the row and column
addresses of the EDRAM data. The 11-bit row address is latched on
the falling edge of /RE. The 11-bit column address can be specified
at any other time to select read data from the SRAM cache or to
specify the write column address during write cycles.

V;c Power Supply
These inputs are connected to the +5 volt power supply.

Vss Ground

These inputs are connected to the power supply ground
connection.

Pin Names
Pin Names Function Pin Names Function
Ag-Aqg Address Inputs Vss Ground
/RE Row Enable /WE Write Enable
D Data In /G Output Enable
Q Data Out F Refresh Control k -
/CAL Column Address Latch /S Chip Select - Active/Standby Control
WAR Write/Read Control N N.C. NoConnection
Ve Power (+5V) i
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AC Test Load and Waveforms Vyy Timing Reference Point at Vy and Vi
Load Circuit 5.0V Input Waveforms

Viy

R,= 8280

Output
R, = 2950 C = 50pf GND — Tt
—>| <bns |=—
Absolute Maximum Ratings Capacitance
(Beyond Which Permanent Damage Could Resull)
Description Ratings Description Max Pins
Input Voltage (Vi) o -1~7v #l-nbput VCva—p.;;itance ;7pf Ag-Ag
Output Voltage (Vour) -1~7v Input Capacitance 6pf | D
Power Supply Voltage (Vgc ) -1y I Inbut Capacitance | 10pf | Aqq, /CAL, /RE, W/R, /WE, /F, /S
Ambient Operating Temperature (T ) 0~70°C Input Capacitance 2pt /G
Storage Temperature (Tg) -55 ~ 150°C Output Capacitance | 6pf Q
fﬁi‘!?\ﬁf_?}a&gseavs"ﬁi?ﬁod 3015) >2000v
Short Circuit O/P Current (lgyt) ” 50mA*
*One output at a time: short duration.
Electrical Characteristics (Ty=0-70°C)
Sytn_tfgl | Parameters Min Max - Test Conditions
VCC Supply Voltage 4.7V 828V | AllVghtages Referenced to Vg
Viy Input High Voltage | 2av 6.5V
\/V|V|_ Input wa VoI{;Qe o | -1.0v 0.8v B - o
Vou Output High Level ~ 2.4V — lour=-5mA
VoL Output Low Level 7 — 0.4v |0UT - 4.2mA
liy | Input Leakage Current A0uA | 10pA | OV <Vjy <65V, All Other Pins Not Under Test = OV
low | Output Leakage Current A0pA | 10pA | OV<Vpy, OV <Voyr <55V
| ?ymbnl Operating Current | 33MHz Typ“’ -15 Max | -20 Max Test Condition Notes
& Random Read 110mA 1 215mA | 170mA | /RE, /CAL, /G and Addresses Cycling: t¢ = tg Minimum 2,3
L- lcco Fast Page Mode Read 65mA 115mA 90mA | /CAL, /G and Addresses Cycling: tpg = tpg Minimum 2,4
lecs Static Column Read 55mA 110mA 85mA | /G and Addresses Cycling: tgg = tsc Minimum 2,4
Rlcm Random Write 135mA 190mA 150mA | /RE, /CAL, /WE and Addresses Cycling: tg = tg Minimum 2,3
| lccs | FastPageModeWrite | 50mA | 135mA | 105mA | /CAL, /WE and Addresses Cycling: tpg = tpg Minimum | 2.4
I lccs Standby 1mA 1mA ) 1mA All Control Inputs Stable > V¢ - 0.2V
leer Average Typical 30mA — — See “Estimating EDRAM Operating Power” Application Note| 1
Operating Current

(1) “33MHz Typ™ refers to worst case I, expected in a system operating with 2 33MHz memory bus. In this typical example, page mode and random reads refers to page burst hits and
misses. Writes are two clock cycle random and page mode writes. See power applications note for further details. This parameter is not 100% tested or guaranteed.

(2) I is dependent on cycle rates and is measured with CMOS levels and the outputs open.
(3) I is measured with a maximum of one address change while /RE = V.

(4) I is measured with a maximum of one address change while /CAL = Vyy,.
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Switching Characteristics
(Ve = 5V £5%. Ty = 0 - 70°C). €y, = 50pf

Symbol Description [[ 18 2 Units
Min | Max | Min Max

tac!! Column Address Access Time for Addresses Ag_g 15 20 ns
tact Column Address Access Time for Addresses Aq and Aqg 7 8 9 ns
tacH Column Address Valid to /CAL Inactive (Write Cycle) 15 20 ns
taax Column Address Change to Output Data Invalid for Addresse;}i&_g 5 5 ns
thaxi Column Address Change to Output Data Invalid for Addresses A;grand A - B 1 ns
tasc Column Address Setup Time _ - 7 5 5 ” nrsr
tasr Row Address Setup Time o 5 6 ns
tc Row Enatle Cycle Time 65 85 ns
tc1 Row Enable Cycle Time, Cache Hit (Row=LRR), Readeycle Only B 25 32 ns
tca Address Cycle Time (Cache Hits) o T 15 20 ns
toae Column Address Latch Active Time 6 7 ns
tcaH Column Address Hold Time o 0 1 ns |
tepr® Column Address Delay from /RE Low, After /CAL Assertion in a Write Hit Cycle | 35 45 ns
tcH Column Address Latch High Time (Latch Transparent) 5 7 ns
tcHR /CAL Inactive Lead Time to /RE Inactive (Write Cycles Only) -1 -1 ns
tohw Column Address Latch High to Write Enable Low (Multiple Writes) 0 0 ns
tcay Column Address Latch High to Data Valid 17 20 ns
tcax Column Address Latch Inactive to Data Invalid for Addresses Ag_g J» 5 5 ns |
feaxt Column Address Latch Inactive to Data Invalid for Addresses Ag and A4 1 1 ns
tcrp Column Address Latch Setup Time to Row Enable 5 6 ns
towL /WE Low to /CAL Inactive 5 7 ns
ton Data Input Hold Time 0 1 ns
tps Data Input Setup Time 5 6 ns
teav” Output Enable Access Time o 5 6 ns
teax®® | Output Enable to Output Drive Time 0 5 0 6 ns
tGQZ(S'B) Output Turn-Off Delay From Output Disabled (/GT) 0 5 0 6 ns
tMH /F and W/R Mode Select Hold Time _ 0 1 ns
tmsu /F and W/R Mode Select Setup Time - 5 6 ns
INRH /CAL, /G, and /WE Hold Time For /RE-Only Refresh 0 0 ns
tNRS /CAL, /G, and /WE Setup Time For /RE-Only Refresh 5 6 nsA
tre Column Address Latch Cycle Time s 20 s
taac!" Row Enable Access Time, On a Cache Miss o 35 45 7 ns
tpact” Row Enable Access Time, Gn a Cache Hit (Limit Becomes tac) 17 22 ns
trac2"” | Row Enabie Access Time for a Cache Write Hit 35 45 ns N
tRaH Row Address Hold Time - 15 ) s
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Switching Characteristics (continued)
(Vee =5V £5%, Ty = 0 - 70°C), Cp, = 50pf

Symbol Description — i ad Units
Min | Max | Min Max

tBE Row Enable Active Time 7 ] A35 100000 | 45 _ 100000 ns
' tRE1 Row Enable Active Time, Cache Hit (Row=LRR) Read Cycle - 10 13 ns
tREF Refresh Period 64 64 ms
trax Output Enable Don't Care From Row Enable (Write, Cache Miss), O/P Hi Z 10 13 ns
trp® Row Precharge Time - 25 32 ns
tRP1 Row Precharge Time, Cache Hit (Row=LRR) Read Cycle 10 13 ns
tRRH Read Hold Time From Row Enable (Write Only) 0 1 ns
tRSH Last Write Address Latch to End of Write 15 20 ns
7tRSW Row Enable to Column Address Latch Low For Second Write 40 51 ns
tRwL Last Write Enable to End of Write 15 | 2 ns
7 tsc Column Address Cycle Time 15 20 ns
IsHR Select Hold From Row Enable 0 1 ns
tsgu" Chip Select Access Time » 15 20 ns
tsox®¥ | Output Turn-On From Select Low 0 15 0 20 ns
tsaz®® | Output Turn-Off From Chip Select 0 10 0 13 ns
tssr Select Setup Time to Row Enable 5 6 ns
tr *__w:mmt'c" Time (Rise and Fall) i i0 i 10 ns
twe Write Enable Cycle Time 15 20 ns
7 t;/(:H Ctr)rlru‘r;n‘@r—es/s Ia?c_hT.ow to ;/\‘/write Enal;;e_lﬁé&i;/e Time 5 7 ns
twHR Write Enable Hold After /RE 0 1 ns
twi Write Enable Inactive Time 5 7 ns
i twp Write Enable Active Time s | 7 ns
tway!" rﬁrata Valid From Write Enable High - e 15 20 ns
_rthx“'e) Data Output Turn-On From Write Enable High 0 15 0 20 ns
1;\/“@27“’7"55». Data Turn-Off From Write Enable Low 0 15 0 20 ns
Twép Write Enable Setup Time to Row Enable 5 5 ns
» t\_/‘/RR Write to Read Recovery (Cache Miss) 15 20 ns

(1) Voypp Timing Reference Point at 1.5V
(2) Column Address Ignored Prior (o te;), for This Specific Cycle

(3) Parameter Defines Time When Output is Enabled (Sourcing or Sinking Current) and Not Referenced to Vey, or Vey,

(4) Minimum Specification is Referenced from Vyp, and Maximum Specification is Referenced from vy, on Input Control Signal

(5) Parameter Defines Time When Output Achieves Open-Circuit Condition and is Not Referenced to Vi or Ve,

(6) Minimum Specification is Referenced from Vy; and Maximum Specification is Referenced from Vyy, on Input Control Signal

(7) Access Parameter Applies When /CAL Has Not Been Asserted Prior 10 tp,

(8) For Back-to-Back /F Refreshes, t,p=40ns. For Non-consecutive /F Refreshes, t,=25ns and 32ns Respectively
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/RE Active Cache Read Hit (Static Column Mode)

- tC1 > |
JRE N 4 A
tRP1 — <
- < sy
| -~ tMH
F ) X -
|
- “_ tmsu
_") < twy
W/R X
|
— ’47 tasr
"l < gy
Ag-10 X Row i( Column 1 Column 2 Column 3 Column 4 -
\ - tgp —>|«— too —>|<— tgg —>
— <— topp
/CAL
/WE X
H |< tae > | tag > e tAC"‘ | the >
<« tgpgg — > taox —> <
toox —> ‘L AQx > -~ ox > [
Q K Data 1 Data 2 Data 3 Data4g r——
| | | ’
) toox —> < taoz |—> <
/G < tgoy =
tSHR %| }‘_

- ’*— tssR
/S | o

tsoz —j,_‘——

I

Don't Care or Indeterminate [

NOTES: 1. If column address 2, 3, or 4 modifies only address pin Ay or A g, then ty becomes ty¢ for data 2, 3, and 4, and tox becomes
Lot for data 1, 2, and 3.




/RE Active Cache Read Hit (Page Mode)

/RE

tppy —>

F

X

—’| < toan
1

Golumn 1

X Row

Column 2

< tasc ’l
—

<~ tAsc“‘—_”l |

< tC/\H —> < tCH
tone > i

> o

teg —|

, < feov

X
|
—
g > toax —»‘ -
— )D Data 1 Data 2 \h
|

K
x> | < [t ———> |
‘ teax —> ‘<— toaz —> ‘<—
/G < looy ™
l tSHR*’I “_ ‘
_ | M tsoz > ~
s o I |

Don't Care or Indeterminate [

NOTES: 1. If column address 2 modifies only address pin Ag or A, then t, becomes ty., for data 2, and teox becomes looxi for data 1.




/RE Active Cache Read Miss (Static Column Mode)

le i N
- — t .
/RE RE \t
tgp ‘l
—> <« tygy
- |‘— twn
; X S
- 1*‘ tmsu
- l;:IMH
WiR o X
[
—> ‘(— tasr ‘
™ < lpag|< - g >
Ag-10 > Row Column 1 Column 2 Row
—"l < teap l
/CAL /
H ) ’ H taox —" |<—
/WE
‘ \* tac \4— tye —>
1< trac taox 7
Q Open Data 1 { Data 2 }
toox ™
. - toaz —> <
/G
l«<— tsun -—’i

tsaz _ﬂ,_-*‘

- L‘_ tssr
/S \

NOTES: 1. If column address 2 modifies only address pin Ay or A, then ty becomes ty¢ for data 2,

1l
Don't Care or Indeterminate [

and Lox becomes hoxt for data 1.
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/RE Active Cache Read Miss (Page Mode)

tc - S
te > T
IRE L _ ) . N
IF ) X
I
- "— tmsy
I] < tyy
W/R X
[
—> < lpsR
- < tpay _" tCAH
Ao-10 Row ‘\( Column 1 Column2
’ < e _’[ [< tasc
_’l < lopp - < o - *— ten
/CAL /] | toa > .
“ ‘ 2 | e = < ey
/WE
l
' H‘ tac >

|<— tRac —>| toax —> - 2
Q | Open H Data 1 Data 2 F—-
[ T e ‘

’ ooz —> ‘*

/G

tgox = " ‘ < lgpp —>

< 1seR < leov *" tsoz —> ‘

—
/S \

lI

Don't Care or Indeterminate []

NOTES: 1. If column address 2 modifies only address pin Ay or A, then t, - becomes ty) for data 2, and logx becomes toxi for data 1.
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Burst Write (Hit or Miss) Followed By /RE Inactive Cache Reads

tre >
/RE ‘\
> = tusy < trp >
- i >
CDR
> < tw - < lohm
F 2
[
—> ‘(— twsu
_)I] < lun
W/R N
—> < tasn 1 |
et T \ > toan [
| < lnsw —> | ‘
Ag-10 Row ]><:>¢ Column 1 }( Column 2 Column n
Ag-Aqg l ‘ <ty —> [<_ tacn 11 :
> = e
—> -<— tCRP >
/CAL
| ] p
—>| = type t “— tRRH
<typ>
WE ——J : <ty >
le—— typg — e tyg—>
tpg —>| =< <— lhw—>
—>1 tpy |[<— — <t
t |<— DH
s >
D : Data 1 X Data 2
t | > l <= twrr
ROX1 7> il
| 1B tAC >
Q Open 4 Cache (Column n)
tox > <
- b tea

—> <« tgqy
S J

NOTES: 1. On a write miss cycle that is directly followed by a read hit, W/R must be high simultaneously or before /RE goes high.

Don't Care or Indeterminate []

2. /G becomes a don’t care after tp.y during a write miss.
3. tepg only applies if /CAL falls prior to tg, ¢ timing interval.
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Page Read/Write During Write Hit Cycle (Can Include Read-Modify-Write)
i‘ t te S —>
< RE —
/RE N -ty >
it B el (VT
O |[<— tow —>
F X
—> ’4»— twsu '
—>
Y[ tuw
W/R X
i
—> l<— task
[ taw - I‘— tac
Ag-10 Row O Column 1 >{ Column 2 Column 3
l |
e = < tasc |
/CAL
' <« tey
— <— twre — > |<_ tRRH
/WE :
<« tyyp ———>
<l > > | bt
—>| t,. |e— -t
oo — < l AC | wav
o, | |
D X X Read Data }> t Read Data }
>ty |[<— ‘
—> tDS -<— | —> IWQX -
Q Write Data
fax ] 1< | | <t
_’l < lez > < gy
-t > —
Gav
/G \ v
i R Rl 1
/S
T
Don't Care or Indeterminate ]
NOTES: 1. If column address 2 modifies only address pin Ag or A, then QX becomes tox1:
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/F Refresh (Including “CAS Before RAS”) with Page Mode and Static Column Reads

<— lgg —> 1
/RE
—> < tysy - trp >

*’,‘ l‘— tan
T

/F
T
A0.10 Adr 1
tasc 7
/CAL

teaz —>| <

Don't Care or Indeterminate []

1. During /F refresh cycles, /8 is a don't care unless cache reads are performed. For cache reads, /8 must be low.

2. If /CAL is low when /RE falls, a */CAS before /RAS™ type refresh occurs.

3. If column address 2, 3, 4, or 5 modifies only address pin Ag or A, then (¢ becomes tye) for data 2, 3, 4, and 5, and Lox
becomes tyx for data 1, 2, 3, and 4.

2-14



/RE-Only Refresh

< — tC >
o 1 t >
/RE \L, R : N
RP

B <— trsp

> ta
Ao-10 Row X_
_’| < tugs - "_ tNRH

/CAL, /WE, /G A { B N X

IF, W/R —j( ,r thu X

> < tgep > < toug

Don't Care or Indeterminate []

NOTES: 1. All binary combinations of A o must be refreshed every 64ms interval. A} does not have to be cvcled, but must remain valid
during row address setup and hold times.




Mechanical Data

28 Pin 300 Mil Plastic SOJ Package gipnti?nal
Indicator

o O O A 2

1

0.295 (7.493
0.305 (7.747)

0.330 (8.382)
0.340 (8.636)
Toooouououououy ufuﬂ_l
0.104 (2.642)
0.112 (2.845)
|
. 0.720 (18.288) . A
| 0.730 (18.542) ‘ T
— T 0.0091 (23)
: 0.128 (3.251) |l 0.260(6604) | 0.0125(32)
_ 1 |0148(3.759) 0.275 (6.985)
0.014(36) - |~ 0050 (1.27) =] T g
0.019 (48) 0.028 (.71
0.036 (91)

Part Numbering System
DM2200J - 15

Access Time from Cache in Nanoseconds
15ns
20ns

Packaging System
J = 300 Mil, Plastic SOJ

1/0 Width
i.e., Power to Which 2 is Raised for I/0 Width

Special Features Field
0 = No Write Per Bit
1 = Write Per Bit

Capacity in Bits
i.e., Power to Which 2 is Raised for Total Capacity

Dynamic Memory

The information contained herein is subject to change without notice. Ramtron International Corporation assumes no responsibility for the use of any circuitry other than circuitry
embodied in a Ramtron product, nor does it convey or imply any license under patent or other rights.
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REMRON

Features

B 2Kbit SRAM Cache Memory for 15ns Random Reads Within a Page

W Fast 4Mbit DRAM Array for 35ns Access to Any New Page

W Write Posting Register for 15ns Random Writes and Burst Writes
Within a Page (Hit or Miss)

| Simple On-chip Page Caching Control Allows DRAM-like System
Architecture and Compatibility

W 250-byte Wide DRAM to SRAM Bus for 7.3 Gigabytes/Sec Cache Fill

® On-chip Cache Hit/Miss Comparators Maintain Cache Coherency
on Writes

Description

The Ramtron 4Mb enhanced DRAM combines raw speed with
innovative architecture to offer the optimum cost-performance
solution for high performance local or system main memory. In most
high speed applications, no-wait-state performance can be achieved
without secondary SRAM cache and without interleaving main
memory banks at system clock speeds through 40MHz. Two-way
interleave will allow no-wait-state operation at clock speeds greater
than 66MHz without the need of secondary SRAM cache. The EDRAM
outperforms conventional SRAM cache plus DRAM memory systems
by minimizing processor wait states for all possible bus events, not
just cache hits. The combination of input data and address latching,
2K of tast on-chip SRAM cache, and simplitied on-chip cache control
allows system level flexibility, performance, and overall memory cost
reduction not available with any other high density memory
component. Architectural similarity with JEDEC DRAMs allows a
single memory controller design to support either slow JEDEC DRAMs
or high speed EDRAMs. A system designed in this manner can provide
a simple upgrade path to higher svstem performance.

Product Specification

DM2202/2212 EDRAM
1Mb x 4 Enhanced Dynamic RAM

m Hidden Precharge Cycles

W Hidden Refresh or /CAS Before /RAS Type Refresh Cycles

W Write-per-bit Option (DM2212) for Parity and Video Applications
m Extended 64ms Refresh Period for Low Standby Power

B Standard CMOS/TTL Compatible 1/0 Levels and +5 Volt Supply

W 300 Mil Plastic SOJ Package

Architecture

The architecture is similar to a standard 4Mb page mode or
static column DRAM with the addition of an integrated cache and
internal control which allows it to operate much like a page mode or
static column DRAM.

The EDRAM's SRAM cache is integrated into the DRAM array as
tightly coupled row registers. Memory reads always occur from the
cache row register. When the internal comparator detects a page hit,
only the SRAM is accessed and data is available in 15ns from column
address. When a page read miss is detected, the new DRAM row is
loaded into the cache and data is available at the output all within
35ns from row enable. Subsequent reads within the page (burst reads
or random reads) can continue at 15ns cycle time. Since reads occur
from the SRAM cache, the DRAM precharge can occur simultaneously
without degrading performance. The on-chip refresh counter with
independent refresh bus allows the EDRAM to be refreshed during
cache reads.

Memory writes are internally posted in 15ns and directed to the
DRAM array. During a write hit, the on-chip address comparator

Functional Diagram Pin Configuration
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atcl
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activates a parallel write path to the SRAM cache to maintain
coherency. The EDRAM delivers 15ns cycle page mode memory
writes. Memory writes do not affect the contents of the cache row
register except during a cache hit.

By integrating the SRAM cache as row registers in the DRAM
array and keeping the on-chip control simple, the EDRAM is able
to provide superior performance without any significant increase in
die size over standard slow 4Mb DRAMs. By eliminating the need
for SRAMs and cache controllers, system cost, board space, and
power can all be reduced.

Functional Description

The EDRAM is designed to provide optimum memory
performance with high speed microprocessors. As a result, it is
possible to perform simultaneous operations to the DRAM and
SRAM cache sections of the EDRAM. This feature allows the EDRAM
to hide precharge and refresh operation during SRAM cache reads
and maximize SRAM cache hit rate by maintaining valid cache
contents during write operations even if data is written to another
memory page. These new functions, in conjunction with the faster
basic DRAM and cache speeds of the EDRAM, minimize processor
wait states.

EDRAM Basic Operating Modes

The EDRAM operating modes are specified in the table below.

Hit and Miss Terminology

In this datasheet, “hit" and “miss” always refer to a hit or miss
to the page of data contained in the SRAM cache row register. This
is always equal to the contents of the last row that was read from
(as modified by any write hit data). Writing to 2 new page does not
cause the cache to be modified.

DRAM Read Hit

If a DRAM read request is initiated by clocking /RE with W/R
low and /F and /CAL high, the EDRAM will compare the new row
address to the last row read address latch (LRR; an 11-bit latch
loaded on each /RE active read cycle). If the row address matches
the LRR, the requested data is already in the SRAM cache and no
DRAM memory reference is initiated. The data specified by the
column address is available at the output pins at the greater of
times ty or ;. Since no DRAM activity is initiated, /RE can be
brought high after time ty;;;, and a shorter precharge time, tgp,, is

EDRAM Basic Operating Modes

required. It is possible to access additional SRAM cache locations
by providing new column addresses to the multiplex address
inputs. New data is available at the output at time t, after each
column address changes. During read cycles, it is possible to
operate in either static column mode with /CAL=high or page
mode with /CAL clocked to latch the column address.

DRAM Read Miss

If a DRAM read request is initiated by clocking /RE with W/R
low and /F and /CAL high, the EDRAM will compare the new row
address to the LRR address latch (an 11-bit latch loaded on each
/RE active read cycle). If the row address does not match the LRR,
the requested data is not in SRAM cache and a new row must be
fetched from the DRAM. The EDRAM will load the new row data
into the SRAM cache and update the LRR latch. The data at the
specified column address is available at the output pins at the
greater of times tyyc, ty;, and tgqy. It is possible to bring /RE high
after time ty; since the new row data is safely latched into SRAM
cache. This allows the EDRAM to precharge the DRAM array while
data is accessed from SRAM cache. It is possible to access
additional SRAM cache locations by providing new column
addresses to the multiplex address inputs. New data is available at
the output at time t,¢ after each column address change. During
read cycles, it is possible to operate in either static column mode
with /CAL=high or page mode with /CAL clocked to latch the
column address.

DRAM Write Hit

If 2 DRAM write request is initiated by clocking /RE while W/R
and /F are high, the EDRAM will compare the new row address to
the LRR address latch (an 11-bit address latch loaded on each /RE
active read). If the row address matches, the EDRAM will write data
to both the DRAM array and selected SRAM cache simultaneously
to maintain coherency. The write address and data are posted to
the DRAM as soon as the column address is latched by bringing
/CAL low and the write data is latched by bringing /WE low (both
/CAL and /WE must be high when initiating the write cycle with the
falling edge of /RE). The write address and data can be latched very
quickly after the fall of /RE (tgyy; + tsc for the column address and
tps for the data). During a write burst sequence, the second write
data can be posted at time tyqy after /RE. Subsequent writes within
a page can occur with write cycle time tp. With /G enabled and
/WE disabled, it is possible to perform cache read operations while

Function /S /RE WR /F Ag.10 Comment

Read Hit L l L H RVOWV_:—L%%‘R " No DRAM Reference, Data in Cache o

Read Miss L l L H Row ;t'VLRR DRAM_ﬁow to Cache -

Write Hit L \ H H Row = LRR Wme ;DHAM and Cache, Reads Enabled o

Write Miss L l H H RoW #LRR 7 Write to DRAM, Ca}:he Not Updatea. ReédsVDis;l;ibecVi‘
Internal Refresh X l X L - VX -
Low Power Standby H H X X X 1mA Standby Current -

Unallowed Mode H l X H X . I o

1 = High: 1. = Low: X = Don't Care: L = High-to-Low Transition: LRR = Last Row Read




the /RE is activated in write hit mode. This allows read-modify-
write, write-verify, or random read-write sequences within the page
with 15ns cycle times (the first read cannot complete until after
time tgyc2). At the end of a write sequence (after /CAL and /WE are
brought high and ty is satisfied), /RE can be brought high to
precharge the memory. It is possible to perform cache reads
concurrently with precharge. During write sequences, a write
operaiion is not performed uniess both /CAL and /WE are low. As a
result, the /CAL input can be used as a byte write select in multi-
chip systems. If /CAL is not clocked on a write sequence, the
memory will perform a /RE only refresh to the selected row and
data will remain unmodified.

DRAM Write Miss

If a DRAM write request is initiated by clocking /RE while W/R
and /F are high, the EDRAM will compare the new row address to
the LRR address latch (an 11-bit latch loaded on each /RE active
read cycle). If the row address does not match, the EDRAM will
write data to the DRAM array only and contents of the current
cache is not modified. The write address and data are posted to the
DRAM as soon as the column address is latched by bringing /CAL
low and the write data is latched by bringing /WE low (both /CAL
and /WE must be high when initiating the write cycle with the

falling edge of /RE). The write address and data can be latched very

quickly after the fall of /RE (tgyy; + tyg for the column address and
tys for the data). During a write burst sequence, the second write
data can be posted at time tyqy, after /RE. Subsequent writes within
a page can occur with write cycle time tp.. During a write miss
sequence, cache reads are inhibited and the output buffers are
disabled (independently of /G) until time tygg after /RE goes high.
At the end of a write sequence (after /CAL and /WE are brought
high and tyy is satisfied), /RE can be brought high to precharge the
memory. It is possible to perform cache reads concurrently with
the precharge. During write sequences, a write operation is not
performed unless both /CAL and /WE are low. As a result, /CAL can
be used as a byte write select in multi-chip systems. If /CAL is not
clocked on a write sequence, the memory will perform a /RE only
refresh to the selected row and data will remain unmodified.

/RE Inactive Operation

It is possible to read data from the SRAM cache without
clocking /RE. This option is desirable when the external control
logic is capable of fast hiv/miss comparison. In this case, the
controller can avoid the time required to perform row/column
multiplexing on hit cycles. This capability also allows the EDRAM to
perform cache read operations during precharge and refresh
cycles to minimize wait states. It is only necessary to select /S and
/G and provide the appropriate column address to read data as
shown in the table below. The row address of the SRAM cache
accessed without clocking /RE will be specified by the LRR address
latch loaded during the last /RE active read cycle. To perform a
cache read in static column mode, /CAL is held high, and the cache
contents at the specified column address will be valid at time t,
after address is stable. To perform a cache read in page mode,
/CAL is clocked to latch the column address. The cache data is
valid at time t, after the column address is setup to /CAL.

Function /S| /6 | /CAL
Cache Read (Static Column) | L L H
Cache Read (Page Mode) L L :

I = High: L = Low; X = = Transitioning

Apg
Column Address

Column Address

Don't Care; &

Write-Per-Bit Operation

The DM2212 version of the 1Mb x 4 EDRAM offers a write-
per-bit capability which allows single bits of the memory to be
selectively written without altering other bits in the same word. This
capability may be useful for implementing parity or masking data in
video graphics applications. The bits to be written are determined
by a bit mask data word which is placed on the /O data pins DQ,.,
prior to clocking /RE. The logic one bits in the mask data select the
bits to be written. As soon as the mask is latched by /RE, the mask
data is removed and write data can be placed on the databus. The
mask is only specified on the /RE transition. During page mode
burst write operations, the same mask is used for all write
operations.

Internal Refresh

If /F is active (low) on the assertion of /RE, an internal refresh
cycle is executed. This cycle refreshes the row address supplied by
an internal refresh counter. This counter is incremented at the end
of the cycle in preparation for the next /F type refresh cycle. When
/F type refreshing is used, at least 1,024 /F cycles must be executed
every 64ms. /F refresh cycles can be hidden because cache
memory can be read under column address control throughout the
entire /F cycle. /F cycles are the only active cycles during which /$
can be disabled. In this case, the output remains disabled.

/CAL Before /RE Refresh (/CAS Before /RAS”)
/CAL before /RE refresh, a special case of internal refresh, is
discussed in the “Reduced Pin Count Operation™ section below.

/RE Only Refresh Operation

. Although /F refresh using the internal refresh counter is the
recommended method of EDRAM refresh, it is possible to perform
an /RE only refresh using an externally supplied row address. /RE
refresh is performed by executing a «rite cycle (W/R and /F are
high) where /CAL is not clocked. This is necessary so that the current
cache contents and LRR are not modified by the refresh operation.
All combinations of addresses A,., must be sequenced every 64ms
refresh period. A, does not need to be cycled. Read refresh cycles
are not allowed because a DRAM refresh cycle does not occur when
a read refresh address matches the LRR address latch.

Low Power Mode
el
The EDRAM enters its low power mode when /8 is high. In this

mode, the internal DRAM circuitry is powered down to reduce
standby current to 1mA.

Initialization Cycles

A minimum of 10 initialization (start-up) cycles are required
before normal operation is guaranteed. A combination of eight /F
refresh cycles and two read cycles to different row addresses are
necessary to complete initialization.



Unallowed Mede
Read, write, or /RE only refresh operations must not be initiated
to unselected memory banks by clocking /RE when /8 is high.

Reduced Pin Count Operation

Although it is desirable to use all EDRAM control pins to
optimize system performance, it is possible to simplify the interface
to the EDRAM by either tying pins to ground or by tying one or
more control inputs together. The /S input can be tied to ground if
the low power standby mode is not required. The /CAL and /F pins
can be tied together if hidden refresh operation is not required. In
this case, a CBR refresh (/CAL before /RE) can be performed by
holding the combined input low prior to /RE. The /WE input can be
tied to /CAL if independent posting of column addresses and data
are not required during write operations. In this case, both column
address and write data will be latched by the combined input
during writes. If these techniques are used, the EDRAM will require
only four control lines for operation (/RE, /CAS [combined /CAL,
/K, and /WE], W/R, and /G). The simplified control interface still
allows the fast page read/write cycle times, fast random read/write
times, and hidden precharge functions available with the EDRAM.

Pin Descriptions

/RE — Row Enable

This input is used to initiate DRAM read and write operations
and latch a row address as well as the states of W/R and /F. It is not
necessary to clock /RE to read data from the EDRAM SRAM row
registers. On read operations, /RE can be brought high as soon as
data is loaded into cache to allow early precharge.

/CAL — Column Address Latch

This input is used to latch the column address and in
combination with /WE to trigger write operations. When /CAL is
high, the column address latch is transparent. When /CAL is low,
the column address is closed and the output of the latch contains
the address present while /CAL was high. /CAL can be toggled when
/RE is low or high. However, /CAL must be high during the high-to-
low transition of /RE except for /F refresh cycles.

W/R — Write/Read

This input along with /F specifies the type of DRAM operation
initiated on the low going edge of /RE. When /F is high, W/R
specifies either a write (logic high) or read operation (logic low).

/F— Refresh

This input will initiate a DRAM refresh operation using the
internal refresh counter as an address source when it is low on the
low going edge of /RE.

/WE — Write Enable

This input controls the latching of write data on the input data
pins. A write operation is initiated when both /CAL and /WE are
low.

/G — Output Enable
This input controls the gating of read data to the output data
pin during read operations.

/S — Chip Select

This input is used to power up the 1/0 and clock circuitry.
When /$ is high, the EDRAM remains in a powered-down
condition; read and write cycles cannot be executed while /8 is
high. /S must remain active throughout any read or write
operation. Only the /F refresh operation can be executed when /S is
high.

DQy.; — Data Input/Output

These bidirectional data pins are used to read and write data
to the EDRAM. On the DM2212 write-per-bit memory, these pins
are also used to specify the bit mask used during write operations.

Ag.10— Multiplex Address

These inputs are used to specify the row and column
addresses of the EDRAM data. The 11-bit row address is latched on
the falling edge of /RE. The 9-bit column address can be specified
at any other time to select read data from the SRAM cache or to
specify the write column address during write cycles.

Ve Power Supply
These inputs are connected to the +5 volt power supply.

Vss Ground
These inputs are connected to the power supply ground
connection.

Pin Names
Pin Names Function Pin Names Function
Ag-10 Address Inputs Vss Ground
/RE Row Enable ] /WE Write Enable o
DQp.3 Data In/Data Out 1G Output Enable
/CAL Column Address Latch N /F Refresh Control
W/R Write/Read Control /S Chip Select - Active/Standby Control
Vee Power (+5V) 7
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AC Test Load and Waveforms

Vy Timing Reference Point at Vy and Vi

Load Circuit 5.0v Input Waveforms
Output
R, =295Q C=50pf GND
|
Absolute Maximum Ratings Capacitance
(Beyond Which Permanent Damage Could Result)
Description Ratings Description Max Pins
Input Voltage (Viy) -1-~7v Input Capacitance 7pf Ag-g
Output Voltage (Vout) -1~7v Input Capacitance | 10pf Aqo. /CAL, /RE, W/R, /WE, /F, /S
 Power Supply Voltage (Vg ) “1-7v Input Capacitance | 2pf /6
Ambient Operating Temperature (Ty ) 0~70°C 1/0 Capacitance 6pf DQy.4
Storage Temperature (Tg) -55 ~ 150°C '
(sFt’ztrI(l;\Al?ll.s-ngag?éiB\éolclz%god 3015) >2000V
Short Circuit O/P Current (Igyr) 50mA*
*One output at a time: short duration.
Electrical Characteristics (Ty=0-70°C)
Symbol Parameters Min Max Test Conditions
Vee uupp.y Voltagu 4.75V 5.25V | Al ‘v’oi{ages Referenced o Vsg
V| InputHigh Voltage 24V | 65V
ViL Input Low Voltage 1.0V O.SV
Vou | Output High Level 20v | — | lgyr=-5mA
VoL | Output Low Level — | oav | 1gyr=a2ma
li) Input Leakage Current -10pA 10pA OV <Vy <6.5V, All Other Pins Not Under Test = OV
| oL Output Leakage Current -10pA 10pA OV <Vy, OV <Vgyt 5.5V
Symbol Operating Current | 33MHz Typ‘" -15 Max | -20 Max Test Condition Notes
lect Random Read 110mA 225mA 180mA | /RE, /CAL, /G and Addresses Cycling: t¢ = tg Minimum 2,3
Icco Fast Page Mode Read 65mA 145mA 115mA | /CAL, /G and Addresses Cycling: tpg = tpc Minimum 2,4
loc3 Static Column Read 55mA 110mA 90mA | /G and Addresses Cycling: tsg = tgg Minimum 2,4
lcca | Random Write 135mA 190mA | 150mA | /RE, /CAL, /WE and Addresses Cycling: t = t¢ Minimum 2,3
lggs | FastPageMode Write | 50mA | 135mA | 105mA | /CAL, WE and Addresses Cycling: tpg = tpg Minimum | 2,4
lgcg | Standby 1mA 1mA imA | All Control Inputs Stable > Vg - 0.2V
leet Average Typical 30mA — — See “Estimating EDRAM Operating Power” Application Note] 1
Operating Current

(1) “33MHz Typ" refers to worst case 1, expected in a system operating with 2 33MHz memory bus. In this typical example, page mode and random reads refer to page burst hits and
misses. Writes are two clock cycle random and page mode writes. See power applications note for further details. This parameter is not 100% tested or guaranteed.

(2) I, is dependent on cycle rates and is measured with CMOS levels and the outputs open.
(3) I is measured with a maximum of one address change while /RE = V.
(4) 1. is measured with a maximum of one address change while /CAL = Vyy,.
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Switching Characteristics
(Ve =5V 5%, Ty = 0 - 70°C). C, = 50pf

-15 20

Symbol Description win | Mar | mim Wax Units
tac!" Column Address Access Time Pis | ] 2 ns
tacH Column Address Valid to /CAL Inactive (Write Cycle) 15 20 | s
taax Column Address Change to Output Data Invalid 5 5 7 ns
tasc Column Address Setﬁé Tirﬁe 7 5 - f; 7 ns 7
tasr Row Address Setup Time 7 5 6 o ns
tc Row Enable Cycle Time 7 7 65 8 | 7 ns
to1 Row Enable Cycle Time, Cache Hit (Row=LRR), Read Cycle Only 25 32 I | ns
toa Address Cycle Time (Cache Hits) 15 20 ns
toae Column Address Latch Active Time 6 . | 7 : ns
tpr® Column Address Delay from /RE Low, After /CAL Assertion in a Write Hit Cycle | 35 45 ns
toan Column Address Hold Time 0 1 ns
toH Column Address Latch High Time (Latch Transparéﬁt) 5 7 ns
toHr /CAL Inactive Lead Time to /RE Inactive (Write Cycles Or;ky) -1 -1 ns
tohw Column Address Latch High to Write Enable Low (Multiple Writes) 0“ - 0 1 ns
toav Column Address Latch High to Data Valid 17 20 ns
tcax Column Address Latch Inactive to Data Invalid 5 5 ns
torp Column Address Latch Setup Time to Row Enable . 5 6 ns
towL /WE Low to /CAL Inactive 5 7 7 ns
toH Data Input Hold Time 0 1 ns
toMH Mask Hold Time From Row Enable (Write-Per-Bit) 15 7 2 ns
toms Mask Setup Time to Row Enable (Write-Per-Bit) 5 i 6 ns
tps Data Input Setup Time 5 ] 6 ns
taqu'" Output Enable Access Time 5 6 ns
tgax®® | Output Enable to Output Drive Time 0 5 0 6 ns
tgaz®® | Output Turn-Off Delay From Output Disabled (/GT) 0 5 0 6 ns
tMH /F and W/R Mode Select Hold Time 0 1 ns
tmsu /F and W/R Mode Select Setup Time 5 6 ns
tNRH /CAL, /G, and /WE Hold Time For /RE-Only Refresh 0 0 ns
tNRS /CAL, /G, and /WE Setup Time For /RE-Only Refresh 5 6 ns
tpe Column Address Latch Cycle Time 15 20 B ns
trac'" Row Enable Access Time, On a Cache Miss 35 45 ns
tract!! Row Enable Access Time, On a Cache Hit (Limit Becomes tac) 17 22 ns
trace'™” | Row Enable Access Time for a Cache Write Hit 35 45 ns
tRAH Row Address Hold Time 1.5 il 2 B hsr )
tRE Row Enable Active Time o 35 100000 | 45 [100000| ns
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Switching Characteristics (continued)
(Vee =5V £5%. Ty = 0 - 70°C), €, = 50pf

Symbol Description B i Units
Min | Max | Min Max

tRE1 Row Enable Active Time, Cache Hit (Row=LRR) Read Cycle . 10 13 ns
7TREF WIVRefresh Pe}iaii 7 - R 7 64 64 ms
Wt-p;;; - MMOAutApuTEna;b-!;Dont C;ireF;om Row En;i;)ie (Write, Cache Miss), O/P”Hvi Z 10 13 ns
tap'® Row Precharge Time - 25 32 ns
trp1 Row Precharge Time, b;cheH|t (Row:LRréi)”Read Cycle 10 - 13 v ns
tRRH Read Hold Time From Row Enable (Write Only) 0 1 ns
IR'Sl; W Last Write Address Latch to End of Write 15 20 ns
—fgs;v Row Enable to Column Address Latch Low For Second Write a 0 | 51 ns
tRwL Last Write Enable to End of Write 15 20 ns
Tsc Column Address Cycle Time 15 20 ns
tsw | Select Hold From Row Enable - 0 Rl s
tsqu'" Chip Select Access Time 15 20 ns
tsox®¥ | Output Turn-On From Select Low 0 15 0 20 ns
t50z®® | Output Turn-Off From Chip Select 0 10 0 13 ns
tssR Select Setup Time to Row Enable 5 6 ns
ty Transition Time (Rise and Fall) 1 10 1 10 ns
twe Write Enable Cycle Time 5 20 ns
tweH Column Address Latch Low to Write Enable Inactive Time 5 7 ns

tWHgtg) Write Enable Hold After /RE “ 0 1 ns
twi Write Enable Inactive Ti}ntrei~ - 5 7 ns
twp Write Enable Active Time 5 7 ns
twoy!" | Data Valid From Write Enable High - - 15 20 | ns
}Wé)?évg’dw Data Output Turn-(r)anrrdrﬁivil;iite Enable Hrigh 0 15 0 20 ns
twaz*® | Data Turn-Off From Write Enable Low 0 15 0 20 ns
1\;‘/3-;: Write Enable Setup Time to Row Enable 5 5 ns
twrr Write to Read Recovery (Cache Miss) 15 20 ns

(1) Voypp Timing Reference Point at 1.5V

(2) Column Address is Ignored Prior to t.;, for This Specific Cycle

(3) Parameter Defines Time When Output is Enabled (Sourcing or Sinking Current) and is Not Referenced to Vo, or Ve

(4) Minimum Specification is Referenced from Vi, and Maximum Specification is Referenced from Vyy, on Input Control Signal

(5) Parameter Defines Time When Output Achieves Open-Circuit Condition and is Not Referenced to Ve or Vo

(6) Minimum Specification is Referenced from V), and Maximum Specification is Referenced from Vy; on Input Control Signal

(7) Access Parameter Applies When /CAL Has Not Been Asserted Prior (o tp,

(8) For Back-to-Buck /F Refreshes, ty, = 40ns. For Non-consecutive /F Refreshes, tgp = 25ns and 32ns Respectively

(9) For Write-Per-Bit Devices, ty, is Limited By Data Input Setup Time, tpy
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/RE Active Cache Read Hit (Static Column Mode)
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/RE Active Cache Read Hit (Page Mode)
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/RE Active Cache Read Miss (Static Column Mode)
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/RE Active Cache Read Miss (Page Mode)
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Burst Write (Hit or Miss) Followed By /RE Inactive Cache Reads

' tre >
/RE '\
> < tusy < tp —>
I‘ toor — _*l
> < twy - < lowr
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|
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l’ <ty
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|<—— twmn < twe t | twrr
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| OH tos | < ton ‘f— the —>
DQy.5 Open Data 1 X Data 2 Cache (Column n)
taaxt —>| -
teox —> ‘_|
/G
—| |t Gav
/S

NOTES: 1.

2. /G becomes a don't care after tp,y during a write miss.

3. tepg only applies if /CAL falls prior to tgy(, timing interval.

Don't Care or Indeterminate []

On a write miss cycle that is directly followed by a read hit, W/R must be high simultaneously or before /RE goes high.
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Read/Write During Write Hit Cycle (Can Include Read-Modify-Write)
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NOTES: 1. If column address one equals column address two, then a read-modify-write cycle is performed.

Don't Care or Indeterminate [
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Write-Per-Bit Cycle (/G=High)

B the —> | |«— tRP"i
/RE
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WE wp F( -
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> twsy
P e
—| | tan ‘
—| | tosn —> < tgup
/S
I -

Don't Care or Indeterminate [

NOTES: 1. Data mask bit high (1) enables bit write; data mask bit low (0) inhibits bit write.

2. Two X4 EDRAM options are available, one with write-per-bit (DM2212) and one without write-per-bit (DM2202).
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/F Refresh (Including “CAS Before RAS”) With Page Mode and Static Column Cache Reads

/RE —
tgp >|
/F
W/R
/WE
Ao-g Ao-g Ao-g Ag-g Ao-g
Agig __Adr1 Adr2 ) Adr3 Adr4 Adr 5
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/CAL N CAE W r
—| | tpe — tcov1 | tasc —>|| < |

> "* tsox sz = |=<—
\J’ 1 ‘<_ tsqu

> ey teaz “F
/G

Don't Care or Indeterminate [J

NOTES: 1. During /F refresh cycles, /S is a don’t care unless cache reads are performed. For cache reads. /8 must be low.
2. 1f /CAL is low when /RE falls, a “CAS before RAS™ type refresh occurs.
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/RE-Only Refresh

tc
tee ‘
/RE S A—bp
- < lysp
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—>| < tues . |<_ s
/CAL, /WE, /G /1 ’ - e ! o r >(

- |‘_ tssr - < tour
/S S —

Don't Care or Indeterminate (]

NOTES: 1. All binary combinations of A ¢ must be refreshed every 64ms interval. A, does not have to be cycled, but must remain valid
during row address setup and hold times.
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Mechanical Data .
28 Pin 300 Mil Plastic S0J Package gjpnl'gna'
Indicator
gaonnonnaonaonnneEf
0.295 (7.493)
0.305 (7.747)
0.330 (8.382)
0.340 (8.636)
UUUUUUUUUUUU—UU—l
0.104 (2.642)
0.112 (2.845)
'
| 0.720 (18.288) | i
| 0.730 (18.542) \ 7
( ) T 0.0091 (.23)
0.128 (3.251) |- 0.260(6.604) _ | 0.0125(32)
1 |0.148(3.759) 0.275 (6.985)
0.014 (.36) »‘ |« 0.050 (1.27) 4—»| T T Seating
0.019 (.48) 0.028 (.71)
0.036 (91)
Part Numbering System
DM2202J - 15
L ~~~~~ — Ac1c5ess Time from Cache in Nanoseconds
ns
20ns
—— Packaging System
J =300 Mil, Plastic SOJ
1/0 Width
i.e., Power to Which 2 is Raised for I/0 Width
Special Features Field
0 = No Write Per Bit
1 = Write Per Bit

Capacity in Bits
i.e., Power to Which 2 is Raised for Total Capacity

L Dynamic Memory

The information contained herein is subject to change without notice. Ramtron International Corporation assumes no responsibility for the use of any circuitry other than circuitry
embodied in a Ramtron product, nor does it convey or imply any license under patent or other rights.
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REMRON

Features

m 2Kbyte SRAM Cache Memory for 15ns Random Reads Within a Page

W Fast DRAM Array for 35ns Access to Any New Page

W Write Posting Register for 15ns Random Writes and Burst Writes
Within a Page (Hit or Miss)

| Simple On-chip Page Caching Control Allows DRAM-like System
Architecture and Compatibility

B 2Kbyte Wide DRAM to SRAM Bus for 58.6 Gigabvtes/Sec Cache Fill

® On-chip Cache Hit/Miss Comparators Maintain Cache Coherency
on Writes

B Hidden Precharge Cycles

m Hidden Refresh or /CAS Before /RAS Type Refresh Cycles

m Extended (4ms Refresh Period for Low Standby Power

m Standard CMOS/TTL Compatible /0 Levels and +5 Volt Supply

B Compatibility with JEDEC 1M x 36 DRAM SIMM Configuration
Allows Performance Upgrade in System

Description

The Ramtron 4Mb enhanced DRAM SIMM module provides a
single memory module solution for the main memory or local
memory of fast PCs, workstations, servers, and other high
performance systems. Due to its fast 15ns cache row register, the
EDRAM memory module supports zero-wait-state burst read
operations at up to 40MHz bus rates in a non-interleave configuration
and >00MHz bus rates with a two-way interleave configuration.

On-chip write posting and fast page mode operation supports
15ns write and burst write operations. On a cache miss, the fast
DRAM array reloads the entire 2Kbyte cache over a 2Kbyte-wide bus
in 35ns for an effective bandwidth of 58 Gbytes/sec. This means very
low latency and fewer wait states on a cache miss than a non-
integrated cache/DRAM solution. The JEDEC compatible 72-bit SIMM

DM1M36SJ/DM1M328J
1Mbx36/1Mbx32 Enhanced DRAM SIMM

Product Sggg/i/ggifon

configuration allows a single memory controller to be designed to
support either JEDEC slow DRAMs or high speed EDRAMs to provide
a simple upgrade path to higher system performance.

Architecture

The DMIM368]
achieves IMb x 30 density by
mounting nine IM x 4
EDRAMs, packaged in 28-
pin plastic SOJ packages, on
a multi-layer substrate. Eight
DM2202 devices and one
DM2212 device provide data
and parity storage. The
DMIM32$] contains eight
DM2202 devices for data
only.

The EDRAM memory
module architecture is very
similar to a standard 4MB
DRAM module with the
addition of an integrated
cache and on-chip control
which allows it to aperate much like a page mode or static column
DRAM.

The EDRAM’s SRAM cache is integrated into the DRAM array as
tightly coupled row registers. Memory reads always occur from the
cache row register. When the on-chip comparator detects a page hit,
only the SRAM is accessed and data is available in 15ns from column
address. When a page read miss is detected, the entire new DRAM
row is loaded into the cache and data is available at the output all
within 35ns from row enable. Subsequent reads within the page

(burst reads or random reads) will

Functional Diagram continue at 15ns cycle time. Since reads
A occur from the SRAM cache, the DRAM
ICAL 3.3 e Column Decoder —[ precharge can occur simultaneously
Latch . N
512X 36 Cache (Row Register) H wn_hout degrading perfprmance. The on-
Lo 1 chip refresh counter with independent
’ Semse Amps ‘ pu— L o refresh bus allows the EDRAM to be
K & Column Write Select 0 ' refreshed during cache reads.
Ag1o Fow ‘ Comio! | g 00 35 Memory writes are internally posted
Fead D in 15ns and directed to the DRAM array.
Latch F—e s During a write hit, the on-chip address
ow = Memory comparator activates a parallel write path
ien g Moyt s pary e to the SRAM cache to maintain coherency.
2 The EDRAM delivers 15ns cycle page
mode memory writes. Memory writes do
Yoo not affect the contents of the cache row
F o—] row as Aog II o, register except Q11ring a‘cache hit.
wRe— Refresh * By }ntegr?mng the SRAM cache as
/REq, #— Control row registers in the DRAM array and
- keeping the on-chip control simple, the
The information contained herein is subject to change without notice. ©1994 ional G 1850 Ramtron Drive, Colorado Springs, CO 80921

Ramtron reserves the right to change or discontinue this product without notice.

Telephone (719) 481-7000, Fax (719) 488-9095 R5 012694



EDRAM is able to provide superior performance without any
significant increase in die size over standard slow 4Mb DRAMs. By
eliminating the need for SRAMs and cache controllers, system cost,
board space, and power can all be reduced.

Functional Description

The EDRAM is designed to provide optimum memory
performance with high speed microprocessors. As a result, it is
possible to perform simultaneous operations to the DRAM and
SRAM cache sections of the EDRAM. This feature allows the EDRAM
to hide precharge and refresh operation during SRAM cache reads
and maximize SRAM cache hit rate by maintaining valid cache
contents during write operations even if data is written to another
memory page. These new functions, in conjunction with the faster
basic DRAM and cache speeds of the EDRAM, minimize processor
wait states.

EDRAM Basic Operating Modes

The EDRAM operating modes are specified in the table below.

Hit and Miss Terminology

In this datasheet, “hit” and “miss” always refer to a hit or miss
to the page of data contained in the SRAM cache row register. This
is always equal to the contents of the last row that was read from
(as modified by any write hit data). Writing to a new page does not
cause the cache to be modified.

DRAM Read Hit

If a DRAM read request is initiated by clocking /RE with W/R
low and /F and /CAL high, the EDRAM will compare the new row
address to the last row read address latch (LRR; an 11-bit latch
loaded on each /RE active read cycle). If the row address matches
the LRR, the requested data is already in the SRAM cache and no
DRAM memory reference is initiated. The data specified by the
column address is available at the output pins at the greater of
times ty, or tqy. Since no DRAM activity is initiated, /RE can be
brought high after time tgg, and a shorter precharge time, tgp,, i
required. It is possible to access additional SRAM cache locations
by providing new column addresses to the multiplex address
inputs. New data is available at the output at time t, after each
column address changes. During read cycles, it is possible to

EDRAM Basic Operating Modes

operate in either static column mode with /CAL=high or page
mode with /CAL clocked to latch the column address.

DRAM Read Miss

If a DRAM read request is initiated by clocking /RE with W/R
low and /F and /CAL high, the EDRAM will compare the new row
address to the LRR address latch (an 11-bit latch loaded on each
/RE active read cycle). If the row address does not match the LRR,
the requested data is not in SRAM cache and a new row must be
fetched from the DRAM. The EDRAM will load the new row data
into the SRAM cache and update the LRR latch. The data at the
specified column address is available at the output pins at the
greater of times tpyc, ty, and gy Itis possible to bring /RE high
after time ty;; since the new row data is safely latched into SRAM
cache. This allows the EDRAM to precharge the DRAM array while
data is accessed from SRAM cache. It is possible to access
additional SRAM cache locations by providing new column
addresses to the multiplex address inputs. New data is available at
the output at time t, after each column address change. During
read cycles, it is possible to operate in either static column mode
with /CAL=high or page mode with /CAL clocked to latch the
column address.

DRAM Write Hit

1f a DRAM write request is initiated by clocking /RE while W/R
and /F are high, the EDRAM will compare the new row address to
the LRR address latch (an 11-bit address latch loaded on each /RE
active read). If the row address matches, the EDRAM will write data
to both the DRAM array and selected SRAM cache simultaneously
to maintain coherency. The write address and data are posted to
the DRAM as soon as the column address is latched by bringing
/CAL low and the write data is latched by bringing /WE low (both
/CAL and /WE must be high when initiating the write cycle with the
falling edge of /RE). The write address and data can be latched very
quickly after the fall of /RE (tgyy; + tagc for the column address and
tps for the data). During a write burst sequence, the second write
data can be posted at time tggy, after /RE. Subsequent writes within
a page can occur with write cycle time ty.. With /G enabled and
/WE disabled, it is possible to perform cache read operations while
the /RE is activated in write hit mode. This allows read-modify-
write, write-verify, or random read-write sequences within the page
with 15ns cycle times (the first read cannot complete until after

Function /s /RE WR /F Apio Comment

Read Hit L 1 L H Row = LRR No DRAM Reference, Data in Cache

Read Miss L { L H Row = LRR DRAM Row to Cache

Write Hit L l H H Row = LRR Write to DRAM and Cac}le, Reads Enabled

Write Miss L \: H H Row # LRR Write to DRAM, Cacﬁ?NoTL}b;i_aI;ctgeads Dféableci
Internal Refresh X { X L X -
Low Power Standby H H X X X o 1mA Sténdby curent
Unallowed Mode H l X H X - ]

H = High; L = Low: X = Don't Care; 4 = High-to-Low Transition; LRR = Last Row Read
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time tgycp). At the end of a write sequence (after /CAL and /WE are
brought high and ty; is satisfied), /RE can be brought high to
precharge the memory. It is possible to perform cache reads
concurrently with precharge. During write sequences, a write
operation is not performed unless both /CAL and /WE are low. As a
result, the /CAL input can be used as a byte write select in multi-
chip systems. If /CAL is not clocked on a write sequence, the
memory wiil perform a /RE only refresh to the selected row and
data will remain unmodified.

DRAM Write Miss

If 2 DRAM write request is initiated by clocking /RE while W/R
and /F are high, the EDRAM will compare the new row address to
the LRR address latch (an 11-bit latch loaded on each /RE active
read cycle). If the row address does not match, the EDRAM will
write data to the DRAM array only and contents of the current
cache is not modified. The write address and data are posted to the
DRAM as soon as the column address is latched by bringing /CAL
low and the write data is latched by bringing /WE low (both /CAL
and /WE must be high when initiating the write cycle with the

falling edge of /RE). The write address and data can be latched very

quickly after the fall of /RE (tgyy; + tyg for the column address and
tys for the data). During a write burst sequence, the second write
data can be posted at time tgqy after /RE. Subsequent writes within
a page can occur with write cycle time tp. During a write miss
sequence, cache reads are inhibited and the output buffers are
disabled (independently of /G) until time tyg, after /RE goes high.
At the end of a write sequence (after /CAL and /WE are brought
high and ty is satisfied), /RE can be brought high to precharge the
memory. It is possible to perform cache reads concurrently with
the precharge. During write sequences, a write operation is not
performed unless both /CAL and /WE are low. As a result, /CAL can
be used as a byte write select in multi-chip systems. If /CAL is not
clocked on a write sequence, the memory will perform a /RE only
refresh to the selected row and data will remain unmodified.

/RE Inactive Operation

It is possible to read data from the SRAM cache without
clocking /RE. This option is desirable when the external control
logic is capable of fast hit/miss comparison. In this case, the
controller can avoid the time required to perform row/column
multiplexing on hit cycles. This capability also allows the EDRAM to
perform cache read operations during precharge and refresh
cycles to minimize wait states. It is only necessary to select /S and
/G and provide the appropriate column address to read data as
shown in the table below. The row address of the SRAM cache
accessed without clocking /RE will be specified by the LRR address
latch loaded during the last /RE active read cycle. To perform a
cache read in static column mode, /CAL is held high, and the cache
contents at the specified column address will be valid at time t,.
after address is stable. To perform a cache read in page mode,
/CAL is clocked to latch the column address. The cache data is
valid at time t,, after the column address is setup to /CAL.

Function s | /6| /AL Agg

Cache Read (Static Column) | L L H | Column Address

Cache Read (Page Mode) L L ! | Column Address

H = High; L = Low; X = Don't Care; = Transitioning
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Write-Per-Bit Operation

The DMIM306SJ EDRAM SIMM provides a write-per-bit
capability to selectively modify individual parity bits (DQg 7 5 35)
for byte write operations. The parity device (DM2212) is selected
via /CALp. Data bits do not require or support write-per-bit
capability. Byte write selection to non-parity bits is accomplished
via /CAL ;. The bits to be written are determined by a bit mask data
word which is piaced on the parity I/0 data pins prior to ciocking
/RE. The logic one bits in the mask data select the bits to be
written. As soon as the mask is latched by /RE, the mask data is
removed and write data can be placed on the databus. The mask is
only specified on the /RE transition. During page mode burst write
operations, the same mask is used for all write operations.

Internal Refresh

If /F is active (low) on the assertion of /RE, an internal refresh
cycle is executed. This cycle refreshes the row address supplied by
an internal refresh counter. This counter is incremented at the end
of the cycle in preparation for the next /F type refresh cycle. When
/F type refreshing is used, at least 1,024 /F cycles must be executed
every 64ms. /F refresh cycles can be hidden because cache
memory can be read under column address control throughout the
entire /F cycle. /F cycles are the only active cycles during which /S
can be disabled. In this case, the output remains disabled.

/CAL Before /RE Refresh (“/CAS Before /RAS”)
/CAL before /RE refresh, a special case of internal refresh, is
discussed in the “Reduced Pin Count Operation” section below.

/RE Only Refresh Operation

Although /F refresh using the internal refresh counter is the
recommended method of EDRAM refresh, it is possible to perform
an /RE only refresh using an externally supplied row address. /RE
refresh is performed by executing a write cycle (W/R and /F are
high) where /CAL is not clocked. This is necessary so that the
current cache contents and LRR are not modified by the refresh
operation. All combinations of addresses Ao must be sequenced
every 64ms refresh period. A does not need to be cycled. Read
refresh cycles are not allowed because a DRAM refresh cycle does
not occur when a read refresh address matches the LRR address
latch.

Low Power Mode

The EDRAM enters its low power mode when /8 is high. In this
mode, the internal DRAM circuitry is powered down to reduce
standby current to 1mA.

Initialization Cycles

A minimum of 10 initialization (start-up) cycles are required
before normal operation is guaranteed. A combination of eight /F
refresh cycles and two read cycles to different row addresses are

dresses
necessary to complete initialization.

Unallowed Mode
Read, write, or /RE only refresh operations must not be initiated
to unselected memory banks by clocking /RE when /S is high.

Reduced Pin Count Operation

Although it is desirable to use all EDRAM control pins to
optimize system performance, it is possible to simplify the interface
to the EDRAM by either tying pins to ground or by tying one or



more control inputs together. The /S input can be tied to ground if  address and write data will be latched by the combined input

the low power standby mode is not required. The /CAL and /F pins  during writes. If these techniques are used, the EDRAM will require
can be tied together if hidden refresh operation is not required. In  only four control lines for operation (/RE, /CAS [combined /CAL,
this case, a CBR refresh (/CAL before /RE) can be performed by /F, and /WE], W/R, and /G). The simplified control interface still
holding the combined input low prior to /RE. The /WE input can be  allows the fast page read/write cycle times, fast random read/write
tied to /CAL if independent posting of column addresses and data  times, and hidden precharge functions available with the EDRAM.
are not required during write operations. In this case, both column
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Pinout

Pin No. | Function (clt;’l:ra;::g:f gltn) Organization Pin No. | Function (cln;'l:fp’::::te Ic';n) Organization
1 GND C(8,21,28) Ground 37 DQ,;* U5 (25) Parity 1/0 for Byte 2
2 DQq U1 (27) Byte 11/0 1 38 DQy5* US (24) Parity 1/0 for Byte 4
3 | D0y U2 (24) Byte 31/0 1 39 | GND C(8,21,28) | Ground
4 | DQ, U1 (26) Byte 11/0 2 40 /CALg U1,3 (16) Byte 1 Column Address Latch
5 7 DQyq U2 (25) Byte 31/0 2 41 /CAL, U2,4 (16) Byte 3 Column Address Latch
6 | DQ, U1 (25) Byte 11/0 3 42 /CALg U7,8 (16) Byte 4 Column Address Latch
7 DQyg U2 (26) Byte 31/03 43 /CAL, U6,9 (16) Byte 2 Column Address Latch
8 DQy U1 (24) Byte 11/04 44 /REq U1,3,6,9 (6) | Row Enable (Bytes 1,2)
9 | DQy U2 (27) Byte 31/0 4 45 NC Reserved for 2Mb x 36
10 | +5Volts | C (7,14, 22) Vee 46 /CALp* U5 (16) Parity Column Address Latch
11 +5Volts | C (7, 14, 22) Ve 47 /WE C (20) Write Enable
12 | Ap C(1) Address 48 W/R C(17) W/R Mode Control
13 | Ay C(2) Address 49 DQq U6 (27) Byte 21/0 1
14 A, | oo Address 50 | D0y | U7(@7) Byte 4 1/0 1
15 | A C (1-3) Address 51 DQy U6 (26) Byte21/0 2
16 | A4 C(4) Address 52 DQyg U7 (26) Byte 4 1/0 2
17 | Ag C(5) Address 53 DQy, U6 (25) Byte21/03 2
18 | Ag C(9) Address 54 DQyq U7 (25) Byte 41/0 3
19 | Ay . C(15) Addreés . 55 DQy, U6 (24) Byte 21/0 4
20 | DQ, U3 (27) Byte 11/05 56 DQsq U7 (24) Byte 4 1/0 4
21 DQy, U4 (24) Byte31/05 57 DQy3 U9 (24) Byte21/05
22 | DQg U3 (26) Byte 11/06 - 58 DQg34 us (27) Byte41/05
23 DQza . U4 (25) Byte 31/0 6 59 +5 Volts C(7,14,22) | Vg
I 24 DQg U3 (25) Byte 11/07 60 D032 U8 (26) Byte 41/0 6
25 DQyy U4 (26) Byte 31/07 61 DQy4 U9 (25) Byte21/06
26 | DQ, U3 (24) Byte 11/0 8 62 DQg3 U8 (25) Byte 41/07
7 27 | DQys u4 (27) Byte 31/08 63 DQys U9 (26) Byte21/07
) 28 | A, C(10) Address 7 64 DQay4 U8 (24) Byte 41/0 8
7 29 | GND C(8,21,28) Ground 65 DQyq U9 (27) Byte21/0 8
| 30 |+5volts | © (7,14,22) | Veo 66 | +5Volts | C(7,14,22) | Vg
- 31 | Ag C(11) Address 67 | /G C (23) Output Enable
32 | Ay C(13) Address 68 | /F C(18) Refresh Mode Control
33 | NC Reserved for 2Mb x 36 69 /S C(19) Chip Select
34 | /RE, U2,4,5,7,8 (6) | Row Enable (Bytes 3,4, Parity) 70 PD Signal GND Presence Detect
735 DQyg* Us5 (27) Parity I/0 for Byte 3 A GND C(8,21,28) | Ground
_36 DQg U5 (26) Parity 1/0 for Byte 1 72 GND C(8,21,28) | Ground
C = Common to All Memory Chips, U1 = Chip 1, etc. *No Connect for DM1M32SJ
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Pin Descriptions

/RE; , — Row Enable

This input is used to initiate DRAM read and write operations
and latch a row address as well as the states of W/R and /F. It is not
necessary to clock /RE to read data from the EDRAM SRAM row
registers. On read operations, /RE can be brought high as soon as
data is loaded into cache to allow early precharge.

/CALy 3 p — Column Address Latch

This input is used to latch the column address and in
combination with /WE to trigger write operations. When /CAL is
high, the column address latch is transparent. When /CAL is low,
the column address is closed and the output of the latch contains
the address present while /CAL was high. /CAL can be toggled when
/RE is low or high. However, /CAL must be high during the high-to-
low transition of /RE except for /F refresh cycles.

W/R — Write/Read

This input along with /F specifies the type of DRAM operation
initiated on the low going edge of /RE. When /F is high, W/R
specifies either a write (logic high) or read operation (logic low).

/F— Refresh

This input will initiate 2 DRAM refresh operation using the
internal refresh counter as an address source when it is low on the
low going edge of /RE.

/WE — Write Enable

This input controls the latching of write data on the input data
pins. A write operation is initiated when both /CAL and /WE are
low.

/G — Output Enable
This input controls the gating of read data to the output data
pin during read operations.

/S — Chip Select

This input is used to power up the 1/0 and clock circuitry.
When /S is high, the EDRAM remains in a powered-down
condition; read and write cycles cannot be executed while /S is
high. /S must remain active throughout any read or write
operation. Only the /F refresh operation can be executed when /8 is
high.

DQy 35 — Data Input/Output

These bidirectional data pins are used to read and write data
to the EDRAM. On the DM2212 write-per-bit memory, these pins
are also used to specify the bit mask used during write operations.

Ay.10 — Multiplex Address

These inputs are used to specify the row and column
addresses of the EDRAM data. The 11-bit row address is latched on
the falling edge of /RE. The 9-bit column address can be specified
at any other time to select read data from the SRAM cache or to
specify the write column address during write cycles.

Ve Power Supply
These inputs are connected to the +5 volt power supply.

Vgs Ground
These inputs are connected to the power supply ground
connection.

Absolute Maximum Ratings Capacitance
(Beyond Which Permanent Damage Could Result)
Description Ratings Description Max* Pins
Input Voltage (Viy) -1~7v Input Capacitance 66/73pf Agg
Output Voltage (Vour) -1~7v Input Capacitance 90/100pf Aqo. W/R, /WE, /F, /S
Power Supply Voltage (Vec ) S1-7v Input Capacitance 45pf IREg
Ambient Operating Temperature (T ) 0~70°C Input Capacitance 46/56pf IRE,
Storage Temperature (Ts) -95 ~150°C Input Capacitance |  26/28pf | /G
Static Discharge Voltage .
(Per MIL-STD-883 Method 3015) >2000 Input Capacitance 24pf | [CALgg
Short Circuit O/P Current (lgyr) 50mA* Input Capacitance 12pf [CALp
* One output at a time per device: short duration 1/0 Capacitance 8pf DQg.35
* DMIM32SJ/DMIM36SJ. respectively
AC Test Load and Waveforms Vyy Timing Reference Point at v, and Vy
Load Circuit 5.0V Input Waveforms
R, = 8280
Output
R, =295Q C | = 50pf GND
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Electrical Characteristics

(Ty=0-70°C)
Symbol Parameters Min Max Test Conditions
Voo | Supply Voltage 475V | 525V | AllVoltages Referenced to Vgg
V| input High Voltage 24v | 65V
Vi Input Low Voltage -1.0v 0.8v
" Vou | Output High Level 20V | — | lgyr=-5mA
VoL | Output Low Level C— | oav | igyr=d2ma
. li(L) Input Leakage Current -10pA 10pA 0V <V|y <6.5V, All Other Pins Not Under Test = OV
lowy | Output Leakage Current “10pA | 10pA | OV<Vyy, OV <Voyr <5.5V
Operating Current — DM1M32SJ
Symbnl Operating Current | 33MHz Typ"’ -15 Max | -20 Max Test Condition Notes
N leot | Random;egw 7 880mA 1860mA 1440mA | /RE, /CAL, /G and Addresses Cycling: t¢ = tg Minimum 2,3
) Fast Page Mode Read 520mA 1160mA | 920mA | /CAL, /G and Addresses Cycling: tpg = tpg Minimum 2,4
lccs Static Column Read 440mA 880mA 720mA | /G and Addresses Cycling: tsc = tgg Minimum 2,4
lecs | Random Write 1080mA | 1520mA | 1200mA | /RE, /CAL, WE and Addresses Cycling: t¢ = t Minimum | 2,3
lccs | Fast Page Mode Write | 400mA 1080mA | 840mA | /CAL, /WE and Addresses Cycling: tpg = tpg Minimum 2,4
lccs Standby o 8mA 8mA 8mA All Control Inputs Stable > V¢ - 0.2V 2
leet Average Typical 240mA — — See "Estimating EDRAM Operating Power" Application Note | 1
| ;O Operating Current |
Operating Current — DM1M36SJ
Symbol |  Operating Current | 33MHz Typ™ | -15 Max | -20 Max 1 Test Condition Notes
'7(;&1 Random Read 990mA 2025mA | 1620mA | /RE, /CAL, /G and Addresses Cycling: tg = t¢ Minimum 2,3
TCEZ | Fast Page Mode Read 585mA 1305mA | 1035mA | /CAL,/G and Addresses Cycling: tpg = tpg Minimum 2.4
lggs | StaticColumnRead | 495mA | 990mA | 10mA | /G and Addresses Gycling: tsg = tgg Minimum 2.4
lcca Random Write 1215mA 1710mA | 1350mA | /RE, /CAL, /WE and Addresses Cycling: t¢ = tg Minimum 2,3
logs | FastPage Mode Write | 450mA | 1215mA | 945mA | /CAL, /WE and Addresses Cycling: tpg = tpg Minimum | 2, 4
Icce Standby 9mA 9mA 9mA All Control Inputs Stable > Vg - 0.2V
E(;T Averagé Typiégl ZmeA —_ — See "Estimating EDRAM Operating Power" Application Note | 1
Operating Current
(1) ] 10y biis. i ihis typical example, page mode and random reads refer to page burst hits and

misses. \Krm\ are two clock cvele random and page mode writes. See power Jpplu ations note for further details. This parameter is not 100% tested or guaranteed.
(2) Iy is dependent on cycle rates and is measured with CMOS levels and the outputs open.
(3) 1 is measured with a maximum of one address change while /RE = Vi, .

(4) Iy is measured with a maximum of one address change while /CAL = V..
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Switching Characteristics

Discrete devices have been tested from 4.7V t0 5.3V V¢ and to 75°C to guarantee SIMM specifications. (Vi = 5V 5%, Ty = 0 to 70°C. €| = 50pf)

-15 -20

Symbol Description win | max | mim Max Units
tac!! Column Address Access Time s | 20 ns
tacH Column Address Valid to /CAL Inactive (Write Cycl;s) 7 75 20 ns
taax Column Address Change to Output Data Invalid 5 5 | ns
tasc Column Address Setup Timé o 5 5 ns
tasr Row Address Setup Time 5 6 i bnsA
tc Row Enable Cycle Time - 65 85 Vns‘ 7
to1 Row Enable Cycle Time, Cache Hit (Row=LRR), Read Cycle Only‘ - 25 32 B né :
toa Address Cycle Time (Cache Hits) : 15 20 ns
toae Column Address Latch Active Time 6 7 B ? :
toan Column Address Hold Time 0 1 ns
tepr'? Column Address Delay from /RE Low, After /CAL Assertion in a Write Hit Cycle | 35 45 ns
toH Column Address Latch High Time (Latch Transparent) - 5 7 N ns
toHR /CAL Inactive Lead Time to /RE Inactive (Write Cycles OAn‘I;/»)A - -1 -1 ns
tonw Column Address Latch High to Write Enable Low (Multiple Writes) 0 0 ns
toav Column Address Latch High to Data Valid 17 20 ns 7
tcax Column Address Latch Inactive to Data Invalid 5 5 ns
tcrp Column Address Latch Setup Time to Row Enable | 5 - 6 né
towe /WE Low to /CAL Inactive 5 7 ns
toH Data Input Hold Time - 07 1 ¥ns
toMH Mask Hold Time From Row Enable (Write—Pé}—Bit) 1.5 2 h Wr;s
toms Mask Setup Time to Row Enable (Write-Per-Bit) 5 W 6 ns
tps Data Input Setup Time 5 6 - ns
teav!" Output Enable Access Time 5 N 6 ns
tgax® | Output Enable to Output Drive Time 7 o | s | o] 6 | ms
teaz®® Output Turn-Off Delay From Output Disabled (/GT) a 0 5 0 6 ns
tH /F and W/R Mode Select Hold Time - 0 1- | ns
tmsu /F and W/R Mode Select Setup Time 5 6 71;_“
INRH /CAL, /G, and /WE Hold Time For /RE-Only Refresh 07 0 ns
tNRs /CAL, /G, and /WE Setup Time For /RE-Only Refresh 5 6 ns
tpo Column Address Latch Cycle Time 15 20 ns
taac'! Row Enable Access Time, On a Cache Miss 35 |45 ns
tract!" Row Enable Access Time, On a Cache Hit (Limit Becomes tac) 17 o 7 22 7 ns
trac2"”) | Row Enable Access Time for a Cache Write Hit 35 5 | ns |
tRAH Row Address Hold Time 15 | 2 | | ons
tRe Row Enable Active Time 35 100000 45 ﬁMo : ns
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Switching Characteristics (continued)
Discrete devices have been tested from 4.7V t0 5.3V V. and to 75°C to guarantee SIMM specifications. (V¢ = 5V £ 5%. Ty = 0 (o 70°C. €, = 50pf)

Symbol Description 5 i Units
Min | Max | Min Max
7‘RE1 Row Enable Activerﬂn;e, Cache Hit (Row=LRR) Read Cycle 10 13 ns
thpii Refresh PTmod 7 64 64 ms
trgx Output Enable Don't Cz;rrt;hFrom Row Enable (Write, Cache Miss), O/P Hi Z 10 13 ns
:};P(B')’f Row Precharge Time 25 32 ns
Apr1 ‘ Row Precharge Time, Cache Hit (Row=LRR) Read Cycle 10 13 ns
t;RH Read Hold Time From Row Enable (Write Oniyr)r o 0 1 ns
trRsH Last Write Address Laﬁh to End of Write 15 20 ns
- -f,:sw Row Enable to Column Address Latch L.owrlr:o;’éggond Write 40 51 ns
thL Last Write Enable to End of Write 7 - 15 20 ns
k t;C ’ Column Address Cycle Time 7 —- 15 20 ns
tSHR 7%?(01(1 From Row Enable 7 0 1 ns
tso;}(") Chib Select Access Time o 15 20 ns
té&‘é-“) . Output Turn-On From Select Low 0 15 0 20 ns
t5z®® |  Output Turn-Off From Chip Select 0 10 0 13 ns
tssm Select Setup Time to Row Enable 5 6 ns
tr Transition Time (Rise and Fall) 1 10 1 10 ns 2
twi Write Cnable Cycle Time 15 20 s
tweH o rbolnrm;n AddressIa}Eh Low to Write Enable Inactive Time 5 7 ns
tyrr® | Write Enable Hold Atter /RE 0 1 ns
twi ’ Write Enable Inactive Time 5 7 ns
twp Write Enable Active Time 5 7 ns
twav!" Data Valid From Write Enable High 15 20 ns
twox®® | Data Output Turn-On From Write Enable High o | 15 | o | 20 | ns
twaz*® | Data Turn-Off From Wite Enable Low 0 15 0 20 ns
twrp 7 VV\VIVrite EnéBI;Eetup Time to Row Enable 5 5 ns
twRR Write to Read Recovery (Cache Miss) 7 15 20 ns
(1) Ny Timing Reference Point at 1.5V

(2) Column Address is Ignored Prior to ty), for This Specific Cycle

(3) Parameter Defines Time When Output is Enabled (Sourcing or Sinking Current) and is Not Referenced to Vou or V()[,

(4) Minimum Specification is Referenced from Vyy; and Maximum Specification is Referenced from V) on Input Control Signal
(5) Parameter Defines Time When Output Achieves Open-Circuit Condition and is Not Referenced to Vyy,, or Vo
(6) Minimum Specification is Referenced from V) and Maximum Specification is Referenced from V,; on Input Control Signal
(7) Access Parameter Applies When /CAL Has Not Been Asserted Prior to tp, )

(8) For Back-to-Back /F Refreshes, t, = 40ns. For Non-consecutive /F Refreshes, tpp = 25ns and 32ns Respectively

(9) For Write-Per-Bit Devices, typ is Limited By Data Input Setup Time, ty
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/RE Active Cache Read Hit (Static Column Mode)

|<

oy |
IRE et —>]
0,2 | .
Loy —> P
- < tysy
- <ty
IF X
|
g < tusy
B < lyy
W/R X
[
— ‘4— tasr l
—| t - |
]‘ RAH Ao - .
Ag-10 X Rw X Column 1 Column 2 Column 3 Column 4
|
) <« tgp e lgg > lgg —>
—> <— topp | |
/CALg.3p
/WE X
H |< tae > | tae > |- tAC"‘ | tho >
< tgact ———> thox —> <
togx —> - taox —> <— taox > |<—
DQg.35 ) Data 1 Data 2 ((Data3 XX Data‘4 —
‘ toax —> < tooz > 1<
/G < lgov ™ —
ft
’ tsur —>l l«—
<~ lsm

—>
/S \‘

tsaz 'TJ,_L

T

Don't Care or Indeterminate [
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/RE Active Cache Read Hit (Page Mode)

A o tey >|
IREy RE1 J(
tppy —> <
- < sy
> < twy
IF X
|
g !‘“ tmsu
“"'l <ty
W/R \ X
i
— ’4— tASR
_ﬂ < tpan toan _" -
Ag-10 X Rw X >4 Column 1 Column 2 X_Row
} < tase —>] [< tasc >
‘—" <— tepp _’) < lom —> < toy
t |
ICALy.3p \H‘ ' CAEt \ ‘
| | | | " — <~ teay
/WE .
T e [—
t tRact teax —)] -
D00_35 A >D Data 1 Data2 p— 2
l‘ tAC > ; |
teax —)\h ‘<— tgaz I~> -
< tgoy 7>
/G Il
tsr —>| |“‘

— - tSSR tsuz _]/1/74_
/S J

Don't Care or Indeterminate [
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/RE Active Cache Read Miss (Static Column Mode)

g .
| the >
REy 5 - N
—> <— tMSU
— <ty
F ) X
|
—> < tysy
- < tun
W/R | X
—> <— tpsr | '
> Pa— t >
1l Ag-1o RAH S Ao-g |, Ao-8 _Ao1o
A0.10 > Row Column 1 oo @ !!‘E”,L,y Row
—>| ‘4— tCRP ‘ o
o H i
thax _" |<
/WE X
1 | tac i "_ tae —>
I~ thac ” taox 7 <
DQg.35 Open P Data 1 Data2 WX b—
tgox = < ’
< tgoy —> teoz —> <
/G |
l*— LSHR —’l
< tseR

tsaz —1,;

T

Don't Care or Indeterminate [
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/RE Active Cache Read Miss (Page Mode)
| te >
' tRe
/REq < tap > —
— <~ lusy
- < tyy
IF X
|
- "_ tmsy
‘[ < tyy
W/R \ X
r
—> ‘*— tasr t
-t —| |—
11 Ag-10 RAH Ao-8 Ao-8 CAH Ao-10
Ag-10 X Rw K >1 Column 1 Column 2 X Row
|
l -« g > | tasc > }
_” < lere _’} < Tom > < 1oy
el t >
/CALy.3 p ] ﬁ* o 4 \
| t
H ‘ 1 Fe > [<—tegy
/WE
| et
tac
|- trac > toax —>I -
DQg.35 — open D Data 1 Data 2 %
e A ol () | tac — | |
| | | oo | |<—
/G
r toox —> ‘*— " tshR >| }
> <l < tgoy —>1 sz = -
/S 1
Don't Care or Indeterminate [_]
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Burst Write (Hit or Miss) Followed By /RE Inactive Cache Reads

- tRE - >
/REg o
[ s <~ fgpp —>
“ tcor A‘
et B - < towm -
P
|
—> ‘« tymsu
“ < twy
W/R
> | tasq [ |
> < tay | tean |
|| ! Agg RSW I Agg I | Ag-g
Ag-10 Row X X Column1}< >1 Coumn2 XX Column n

Don’t Care or Indeterminate [_]

NOTES:

Parity bits DQg 17 5, 35 must have mask provided at falling edge of /RE.

On a write miss cycle that is directly followed by a read hit, W/R must be high simultancously or before /RE goes high.

/G becomes a don't care after tp.y during a write miss.

B =

tepr Only applies if /CAL falls prior to ty, ., timing interval.
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Page Read/Write During Write Hit Cycle (Can Include Read-Modify-Write)

|< te >
- tRe >
IREg . tRp R
i B e VY]
_’,’ l‘_ than f‘ tehr —>
/F N X
|
— < tysy
_’l} < tyy
Wi R X
|
— ;4— tasr )
— -t —> -t
| | RAH Ao.s - ' AC
Ag10 Row O Column 1 Column 2 Column 3
1 |
terp =] 1< tasc |
/ALy 3 p
| < teqy
> < twe | <t
/WE 1 twHr —————> l
- tRAcz —> ’ tap —————>
"‘ tae < > tpg e —> < tway 2
toox = < | . B
DQygs ————— X Read Data Write Data } I Read Data Y
- , { Write Da
| 1< tgox — tpy l<— ’ > |~ teaz
‘ _" <~ gz —> < tyox
< toay ->| —>\l |<— tequ
/G |

—> }‘_ tssr
/S

Don'’t Care or Indeterminate ]

NOTES: 1. If column address 1 equals column address 2, then a read-modify-write cycle is performed.

2. Parity bits DQg 7,54 35 must have mask provided at falling edge of /RE.
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Write-Per-Bit Cycle (/G = High)

IR

/CALp

Ag-10

W/R

DQ

/WE

/F

S

< tRsH >

<« ftgp—>

< tach >
| —
toa >
|
—>| <t <~ lgg —>
- ;f ltASR > 1* toan
- S
Row [ Column X B
|
=<ty
> lf ltMSU <7 towe >
— N 2
- <= |
‘ < toun | TR >
ik ItDMS twen l
)( Mask }( Data
{
; tos ” < > < tgpy
= twee < tpy>
< lwp
|
'I IWHR -
> tusy
>| \L tun ‘
| <t —>| < toug
T T
Don't Care or Indeterminate (]
NOTES: 1. Data mask bit high (1) enables bit write; data mask bit low (0) inhibits bit write.
2. Two X4 EDRAM options are available, one with write-per-hit (DM2212) and one without write-per-bit (DM2202).
3. Write-per-bit waveform applies to parity bits only (DQg 15 56.35)-
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/F Refresh (Including “CAS Before RAS”) with Page Mode and Static Column Cache Reads

tre >|
W/R
JWE
Aos Ao, Ao-8
Agto _ Adri Adr 2 X Adr 3 Adr 4 Adr 5
| [<— toas —> }
tasc e < I’Ac > tag 7 < ¢
< t >
/CALg.p N o
—>| [ tyc —» <— toay | tasc —>| |<— I
—] < thox tex > [ = ety >
DQy. Data 1 Data 2 Data 3 Data 4 Data 50—
O 35 I I I I I
—>| = tgx ts7 —>| |
= | = tsov
/S
I | |
—>‘ <—| teax

- <—tGQV tGQZv—) <

Don't Care or Indeterminate []

NOTES: 1. During /F refresh cycles, /S is a don’t care unless cache reads are performed. For cache reads, /8 must be low.
2. If /CAL is low when /RE falls, a “CAS before RAS™ type refresh occurs.
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/RE-Only Refresh

tc
- tre
/REg e N
—> - tASR
et < tran
Ao-10 ROW X
_’\ < Tes < thmn
[CALg. p, WE, /G 7 ’ X_
> < tysy
| O
/F, W/R J r X
—>| < tyy
- |‘_ tssR < lswr

Don't Care or Indeterminate [

NOTES: 1. All binary combinations of 4 y must be refreshed every 64ms interval. A does not have to be cycled, but must remain valid

during row address setup and hold times.
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Mechanical Data
72 Pin SIMM Module
4.245 (107.82)
Inches (mm) 4.255 (108.08)
3.984 (101.19) |
—=| |=— 0133(3.38) !
: e (0123 (3.12)
0400 o of o g o of o ol o ol o o o of o ol
T wme) O Fd B p@ BR B R Rf /0127 62)
0.945 (24.00) alLEL Bl iEl Hial G E el G 0225
0985 azs) | | DI EE Y TR SRS S S S e o 6
L]] U f2g 59 28l U4 38 25l Us |29 2ol us [2g ue 8 | ¢ &
" 58l (4 5 8| 5 8 - ‘ Y
A Al L S |
0.050 (1.27) —>| |=<— | 0.040 (1.02) —>||=— 1 T T | |<— 0.047 (1.19)
0.042 (1.07) 0,100 0.054 (1.37)
0.245 ( 622)' 0.075 (1.90) ~0.060 (1.52) (2.54) —>| |~— 0.208 (5.28)
0.255 (6.48) | 0.085(2.16) 0.064 (1.63) PAD:
0.062 (1.57) RAD. <———— 1.750 (44.45) ————>| | |<— 0.250 (6.35)
0.250 (6.35) —» 3.750 (95.25)
<~ 2125 (53.98) ———|
U1-Ud, U6-U9 — Ramtron DM2202J-XX, 1M x 4 EDRAMS, 300 Mil SOJ
US — Ramtron DM2212J-XX, 1M x 4 EDRAM with Write-Per-Bit (Not present on DM 1M32SJ)
C1-C9 — 0.22pF Chip Capacitors
Socket — Molex 78441-7202 or Equivalent
Part Numbering System 2?
DM1M36SJ - 15
i—~ Access Time from Cache in Nanoseconds
15ns
20ns
Packaging System

J = 300 Mil, Plastic SOJ
Memory Module Configuration
IMM

I/(:l3 2|?l|t13tll (Including Parity)
36 36 Bits
Memory Depth (Megabits)

Dynamic Memory

The information contained herein is subject to change without notice. Ramtron International Corporation assumes no responsibility for the use of any circuitry other than circuitry
embodied in a Ramtron product, nor does it convey or imply any license under patent or other rights.
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Features

W 4Kbyte SRAM Cache Memory for 15ns Random Reads Within a Page

W Fast DRAM Array for 35ns Access to Any New Page

W Write Posting Register for 15ns Random Writes and Burst Writes
Within a Page (Hit or Miss)

m Simple On-chip Page Caching Control Allows DRAM-like System
Architecture and Compatibility

W <Kbyte Wide DRAM to SRAM Bus for 117 Gigabytes/Sec Cache Fill

® On-chip Cache HitMiss Comparators Maintain Cache Coherency on
Writes

B Hidden Precharge Cvcles

W Hidden Refresh or /CAS Before /RAS Type Refresh Cycles

| Extended 04ms Refresh Period for Low Standby Power

m Standard CMOS/TTL Compatible /O Levels and +5 Volt Supply

m Compatibility with JEDEC 2M x 36 DRAM SIMM Configuration
Allows Performance Upgrade in System

Description

The Ramtron 8Mb enhanced DRAM SIMM module provides a
single memory module solution for the main memory or local memory
of fast PCs, workstations, servers, and other high performance
systems. Due to its fast 15ns cache row register, the EDRAM memory
module supports zero-wait-state burst read operations at up to 40MHz
bus rates in a non-interieave configuration and >00MHz bus rates
with a two-way interleave configuration.

On-chip write posting and fast page mode operation supports
15ns write and burst write operations. On a cache miss, the fast DRAM
array reloads the entire 2Kbyte cache over a 2Kbyte-wide bus in 35ns
for an effective bandwidth of 58 Gbytes/sec. This means very low
latency and fewer wait states on a cache miss than a non-integrated
cache/DRAM solution. The JEDEC compatible 72-bit SIMM

DM2M365J/DM2M325J
2Mbx36/2Mbx32 Enhanced DRAM SIMM

Product Specification

configuration allows a single memory controller to be designed to
support either JEDEC slow DRAMs or high speed EDRAMs to provide a
simple upgrade path to higher system performance.

Architecture

The DM2M368)
achieves 2Mb x 36 density by
mounting 18 IMx 4
EDRAMs, packaged in 28-pin
plastic SOJ packages, on
both sides of the multi-layer
substrate. Sixteen DM2202
and two DM2212 devices
provide data and parity
storage. The DM2M328)
contains 16 DM2202 devices
for data only and parity
memory is not included.

The EDRAM memory
module architecture is very
similar to a standard 8Mb
DRAM module with the
addition of an integrated
cache and on-chip control which allows it to operate much like a page
mode or static column DRAM.

The EDRAM’s SRAM cache is integrated into the DRAM array as
tightly coupled row registers. Memory reads always occur from the
cache row register. When the on-chip comparator detects a page hit,
only the SRAM is accessed and data is available in 15ns from column
address. When a page read miss is detected, the entire new DRAM
row is loaded into the cache and data is available at the output all
within 35ns from row enable. Subsequent reads within the page

(burst reads or random reads) will

o . continue at 15ns cycle time. Since reads
Functional Diagram occur from the SRAM cache, the DRAM
CAL o3 Coumn ] Aos ] precharge can occur simultaneously

da Column Decoder without degrading performance. The on-
! 8
o 512 X 36 Gache (Row Register) X 2 h chip refresh counter with independent
B .
Comp refresh bus allows the EDRAM to be
Sense Amps 1& .l refreshed during cache reads.
& Column Write Select ) .
Lot oo Memory writes are internally posted
Ao-10 Row || and =P 003 in 15ns and directed to the DRAM array.
Aao Latches During a write hit, the on-chip address
atcl —e /. . .
N So1 comparator activates a parallel write path
Ros 3 Memory \ PN aintai
Row B oo e to lhg SRAM ughe to maintain coherency.
Latch s 8Mbyte + Parity The EDRAM delivers 15ns cycle page
= mode memory writes. Memory writes do
not affect the contents of the cache row
v ister exce, ing a ¢z it.
o r— - o reg| téx: .(\()(p‘l fIllr\r}l‘g ‘: ;:;?e hl;] ‘
/F e—— Row ;\dd s P T Ve, ) Y 1ql(grdllngt e S cache a§ row
WRe—j and P registers in the DRAM array and keeping
/REg5 e Control the on-chip control simple, the EDRAM is
L able to provide superior performance

The information contained herein is subject to change without notice.
Ramtron reserves the right to change or discontinue this product without notice.

© 1994 i ion, 1850 Ramtron Drive, Colorado Springs, CO 80921
Telephone (719) 481-7000, Fax (719) 488-9095 R5 012694




without any significant increase in die size over standard slow
DRAMs. By eliminating the need for SRAMs and cache controllers,
system cost, board space, and power can all be reduced.

Functional Description

The EDRAM is designed to provide optimum memory
performance with high speed microprocessors. As a result, it is
possible to perform simultaneous operations to the DRAM and
SRAM cache sections of the EDRAM. This feature allows the EDRAM
to hide precharge and refresh operation during SRAM cache reads
and maximize SRAM cache hit rate by maintaining valid cache
contents during write operations even if data is written to another
memory page. These new functions, in conjunction with the faster
basic DRAM and cache speeds of the EDRAM, minimize processor
wait states.

EDRAM Basic Operating Modes

The EDRAM operating modes are specified in the table below.

Hit and Miss Terminology

In this datasheet, “hit" and “miss” always refer to a hit or miss
to the page of data contained in the SRAM cache row register. This is
always equal to the contents of the last row that was read from (as
modified by any write hit data). Writing to a new page does not
cause the cache to be modified.

DRAM Read Hit

If 2 DRAM read request is initiated by clocking /RE with W/R
low and /F and /CAL high, the EDRAM will compare the new row
address to the last row read address latch (LRR; an 11-bit latch
loaded on each /RE active read cycle). If the row address matches
the LRR, the requested data is already in the SRAM cache and no
DRAM memory reference is initiated. The data specified by the
column address is available at the output pins at the greater of times
ty OF tgqy- Since no DRAM activity is initiated, /RE can be brought
high after time tgg, and a shorter precharge time, tgp;, is required.
It is possible to access additional SRAM cache locations by
providing new column addresses to the multiplex address inputs.
New data is available at the output at time t,. after each column
address changes. During read cycles, it is possible to operate in
either static column mode with /CAL=high or page mode with /CAL
clocked to latch the column address.

EDRAM Basic Operating Modes

DRAM Read Miss

If 2 DRAM read request is initiated by clocking /RE with W/R
low and /F and /CAL high, the EDRAM will compare the new row
address to the LRR address latch (an 11-bit latch loaded on each
/RE active read cycle). If the row address does not match the LRR,
the requested data is not in SRAM cache and a new row must be
fetched from the DRAM. The EDRAM will load the new row data into
the SRAM cache and update the LRR latch. The data at the specified
column address is available at the output pins at the greater of times
teags L, and tggy. 1t is possible to bring /RE high after time tgy; since
the new row data is safely latched into SRAM cache. This allows the
EDRAM to precharge the DRAM array while data is accessed from
SRAM cache. It is possible to access additional SRAM cache
locations by providing new column addresses to the multiplex
address inputs. New data is available at the output at time t. after
each column address change. During read cycles, it is possible to
operate in either static column mode with /CAL=high or page mode
with /CAL clocked to latch the column address.

DRAM Write Hit

If 2 DRAM write request is initiated by clocking /RE while W/R
and /F are high, the EDRAM will compare the new row address to the
LRR address latch (an 11-bit address latch loaded on each /RE active
read). If the row address matches, the EDRAM will write data to both
the DRAM array and selected SRAM cache simultaneously to
maintain coherency. The write address and data are posted to the
DRAM as soon as the column address is latched by bringing /CAL low
and the write data is latched by bringing /WE low (both /CAL and
/WE must be high when initiating the write cycle with the falling edge
of /RE). The write address and data can be latched very quickly after
the fall of /RE (tgyy; + tysc for the column address and ty for the
data). During a write burst sequence, the second write data can be
posted at time tpqy after /RE. Subsequent writes within a page can
occur with write cycle time tp.. With /G enabled and /WE disabled, it
is possible to perform cache read operations while the /RE is
activated in write hit mode. This allows read-modify-write, write-
verify, or random read-write sequences within the page with 15ns
cycle times (the first read cannot complete until after time tg,,). At
the end of a write sequence (after /CAL and /WE are brought high
and ty; is satisfied), /RE can be brought high to precharge the
memory. It is possible to perform cache reads concurrently with
precharge. During write sequences, a write operation is not
performed unless both /CAL and /WE are low. As a result, the /CAL
input can be used as a byte write select in multi-chip systems. If /CAL

Function /s /RE WR /F Ap10 Comment

Read Hit L { L H Row = LRR No DRAM Reference, Data in Cache

Read Miss L l L H Row # LRFT DRAM Row to Cache

Write Hit L d H ol H 70w =LRR Write 1o DRAM and Cache, Fs;dsﬁgab‘ed -
Write Miss L l H T H Row = LRR W]te?o DRAM, Cache Not Updated. Reads D_|s;bleaﬁ
Internal Refresh X i- | X L a X ] - ]
Low Power Standby H H X R X B ———;( 1mA WStandby Cl.;r;nt - ]
Unallowed Mode H { X‘ - H X - N

H = High: L = Low: X = Don't Gare: L = High-to-Low Transition: LRR = Last Row Read
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is not clocked on a write sequence, the memory will perform a /RE
only refresh to the selected row and data will remain unmodified.

DRAM Write Miss

If a DRAM write request is initiated by clocking /RE while W/R
and /F are high, the EDRAM will compare the new row address to the
LRR address latch (an 11-bit latch loaded on each /RE active read
cycle). If the row address does not match, the EDRAM will write data
to the DRAM array only and contents of the current cache is not
modified. The write address and data are posted to the DRAM as soon
as the column address is latched by bringing /CAL low and the write
data is latched by bringing /WE low (both /CAL and /WE must be high
when initiating the write cycle with the falling edge of /RE). The write
address and data can be latched very quickly after the fall of /RE (tgy
+ tyg for the column address and t, for the data). During a write
burst sequence, the second write data can be posted at time tpg, after
/RE. Subsequent writes within a page can occur with write cycle time
tpc. During a write miss sequence, cache reads are inhibited and the
output buffers are disabled (independently of /G) until time typg after
/RE goes high. At the end of a write sequence (after /CAL and /WE are
brought high and ty is satisfied), /RE can be brought high to
precharge the memory. It is possible to perform cache reads
concurrently with the precharge. During write sequences, a write
operation is not performed unless both /CAL and /WE are low. As a
result, /CAL can be used as a byte write select in multi-chip systems. If
/CAL s not clocked on a write sequence, the memory will perform a
/RE only refresh to the selected row and data will remain unmodified.

/RE Inactive Operation

Itis possible to read data from the SRAM cache without clocking
/RE. This option is desirable when the external control logic is capable
of fast hit/miss comparison. In this case, the controller can avoid the
time required to perform row/column multiplexing on hit cycles. This
capability also allows the EDRAM to perform cache read operations
during precharge and refresh cycles to minimize wait states. It is only
necessary to select /S and /G and provide the appropriate column
address to read data as shown in the table below. The row address of
the SRAM cache accessed without clocking /RE will be specified by the
LRR address latch loaded during the last /RE active read cycle. To
perform a cache read in static column mode, /CAL is held high, and
the cache contents at the specified column address will be valid at
time ty. after address is stable. To perform a cache read in page mode,
/CAL is clocked to latch the column address. The cache data is valid at
time t, after the column address is setup to /CAL.

Function /S | /6 | /CAL Apg
Cache Read (Static Column) | L L H | Column Address
Cache Read (Page Mode) L L > | Column Addressj

H = High; L = Low: X = Don't Care; } = Transitioning

Write-Per-Bit Operation

The DM2M36S] EDRAM SIMM provides a write-per-bit capability
to selectively modify individual parity bits (DQg ;- 35) for byte write
operations. The parity device (DM2212) is selected via /CALp. Data
bits do not require or support write-per-bit capability. Byte write
selection to non-parity bits is accomplished via /CAL, ;. The bits to be
written are determined by a bit mask data word which is placed on the
parity /0 data pins prior to clocking /RE. The logic one bits in the
mask data select the bits to be written. As soon as the mask is latched
by /RE, the mask data is removed and write data can be placed on the

2-57

databus. The mask is only specified on the /RE transition. During page
mode burst write operations, the same mask is used for all write
operations.

Internal Refresh

If /F is active (low) on the assertion of /RE, an internal refresh
cycle is executed. This cycle refreshes the row address supplied by an
internal refresh counter. This counter is incremented at the end of the
cycle in preparation for the next /F type refresh cycle. When /F type
refreshing is used, at least 1,024 /F cycles must be executed every
G4ms. /F refresh cycles can be hidden because cache memory can be
read under column address control throughout the entire /F cycle. /F
cycles are the only active cycles during which /8 can be disabled. In
this case, the output remains disabled.

/CAL Before /RE Refresh (“/CAS Before /RAS”)
/CAL before /RE refresh, a special case of internal refresh, is
discussed in the “Reduced Pin Count Operation™ section below.

/RE Only Refresh Operation

Although /F refresh using the internal refresh counter is the
recommended method of EDRAM refresh, it is possible to perform an
/RE only refresh using an externally supplied row address. /RE refresh
is performed by executing a write cycle (W/R and /F are high) where
/CAL is not clocked. This is necessary so that the current cache
contents and LRR are not modified by the refresh operation. All
combinations of addresses A, must be sequenced every 64ms
refresh period. A, does not need to be cycled. Read refresh cycles are
not allowed because a DRAM refresh cycle does not occur when a
read refresh address matches the LRR address latch.

Low Power Mode

The EDRAM enters its low power mode when /S is high. In this
mode, the internal DRAM circuitry is powered down to reduce
standby current to 1mA.

Initialization Cycles

A minimum of 10 initialization (start-up) cycles are required
before normal operation is guaranteed. A combination of eight /F
refresh cycles and two read cycles to different row addresses are
necessary to complete initialization.

Unallowed Mode
Read, write, or /RE only operations must not be initiated to
unselected memory banks by clocking /RE when /S is high.

Reduced Pin Count Operation

Although it is desirable to use all EDRAM control pins to optimize
system performance, it is possible to simplify the interface to the
EDRAM by either tying pins to ground or by tying one or more control
inputs together. The /S input can be tied to ground if the low power
standby mode is not required. The /CAL and /F pins can be tied
together if hidden refresh operation is not required. In this case, a
CBR refresh (/CAL before /RE) can be performed by holding the
combined input low prior to /RE. The /WE input can be tied to /CAL if
independent posting of column addresses and data are not required
during write operations. In this case, both column address and write
data will be latched by the combined input during writes. If these
techniques are used, the EDRAM will require only four control lines
for operation (/RE, /CAS [combined /CAL, /F, and /WE], W/R, and /G).
The simplified control interface still allows the fast page read/write
cycle times, fast random read/write times, and hidden precharge
functions available with the EDRAM.



Pinout

Interconnect Interconnect

Pin No. | Function |(Component Pin) Organization Pin No. | Function |(Component Pin) Organization
1 a0 |c@2128 | Ground 1 [ a7 ooy |usta@s) | parity 10 for Byte 2 |
2 |po, |ut10@) |Byetiot 38 | DOy" | US.14(24) | Parity /O for Byte 4
3 D0y |U211(24) | Byte3lot 39 |GND | C(82128) |Ground
4 |po, |uti0(@e) | Byeilo2 40 | /0AL, | U1.310,12(16) | Byte 1 Column Address Latch
5 D0, | U211(25) | Byte3102 41 | /AL, | U2411.13(16) | Byte 3 Column Address Latch
6 |00, |Ul10(25) | Byetvos : 42 | /CAL, | U7816.17(16)| Byte 4 Column Address Latch |
7 D0, |U211(26) | Byte3103 | | 43 | /CAL, | UB.9.15.18(16) | Byte 2 Column Address Latch |
8 DQy U1,10 (24) Byte 11/0 4 44 /RE, U1,3,6,9 (6) Bank 0 Row Enable (Bytes 1.2)
9 |Day |U211(27) | Byte3104 J 45 | /S, | UI0-18(19) | ChipSelectBank1
10 [ssvots |C1422) | Ve 46 | /CALp* | US14(16) | Parity Column Address Latch |
1 +5 Volts | C (7,14,22) Vee 47 /WE C (20) Write Enable
12 | A, ) L Addess | | 48 |wr |cdn WAR Mode Control
13 | A, C) Address 49 | D0y | UBI5(27) | Byte2/01
A, |cm Address | | 50 | DOy | U716(27) | Byted 101
15 | Aq c@) Address | | st |po, |Usi5@e) | Byte2no2
16 | A, ) Address 52 | DOy | UT.16(26) | Byted /02
17 | A c(5) Address 53 | DOy | UBI5(25) | Byte21/03
18 [A; |C®) | Addess | | 54 |DQy |U716(25) |Byedw03 |
19 (A, |C5) Address 55 | DO, |UGI5(24) | Byte21/04
20 |DO, |U312(21) | Byteti0s 56 | D0y, | U716(24) | Byedlo4 |
21 |DQy, | U413(24) | Byte3 105 57 | DQ;; | US18(24) | Byte21/05
22 |0 |U312(26) | Byte11/06 58 |DQy | US17(24) | Byte4l05
23 | DOy | U413(25) | Byte3V06 | | 59 | +5Volts | C(7.1422) | Vg —
24 |DQ; | U312(25) | Byte1107 60 | D0y, |U817(26) | Byedos |
25 |DOy | U413(26) | Byte3 107 61 | DO, |U9.18(25 | Byte21/06
26 |00, |U312(24) | Byte11/08 62 | D0y | UBAT(25) | Bytedi07 o
27 |0y |Us13@n) | Byesios i-: 63 | DQ;; | U918(26) | Byte21/07
28 |A, ¢ (10) Address 64 | DOy | UBI7(24) | Byle4 /08
29 |GND  |C(82128) |Gowd | | 65 DO, |US18(27) | Byte21/08
30 | +5Volts | C(7.1422) | Voo [ e [ esvons [cotazy v ]
31| A city Address 67 | /G C(23) OuputEnable |
32 | A, c(3) | Addess | | 68 |F C(18) | Refresh Mode Control
33 | RE, | U1018(6) | Bank 1 Row Enable 69 | /S, | U1-9(19) | ChipSelectBank0
34 |/RE, | U24578(6) | BakORowEnable Bytes3d Paity)| | 70 | PD | SignalGND | Presence Detect |
35 | DOy | US.14(27) Parity 1/0 for Byte 3 71 ow | ce2i2s) | Ground ]
36 | DQg* US;!I(E& Parity 1/0 for Byte 1 72 GND C (8.21,28) Ground -

C = Common to All Memory Chips. U1 = Chip 1. etc.

2-58

*No Connect for DM2M32SJ




Interconnect Diagram — Bank 0 (Components Mounted on Front Side)
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Interconnect Diagram — Bank 1 (Components Mounted on Back Side)
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Pin Descriptions

/RE,, 23— Row Enable

This input is used to initiate DRAM read and write operations
and latch a row address as well as the states of W/R and /F. It is not
necessary to clock /RE to read data from the EDRAM SRAM row
registers. On read operations, /RE can be brought high as soon as

data is loaded into cache to allow early precharge.

/CALg.3,p — Column Address Latch

This input is used to latch the column address and in
combination with /WE to trigger write operations. When /CAL is
high, the column address latch is transparent. When /CAL is low, the
column address is closed and the output of the latch contains the
address present while /CAL was high. /CAL can be toggled when /RE
is low or high. However, /CAL must be high during the high-to-low
transition of /RE except for /F refresh cycles.

W/R — Write/Read

This input along with /F specifies the type of DRAM operation
initiated on the low going edge of /RE. When /F is high, W/R
specifies either a write (logic high) or read operation (logic low).

/F — Refresh
This input will initiate a DRAM refresh operation using the

/G — Output Enable
This input controls the gating of read data to the output data
pin during read operations.

/Sp,; — Chip Select

This input is used to power up the /0 and clock ¢ circuitry,
When /8 is hlgh the EDRAM remains in a powered-down condition;
read and write cycles cannot be executed while /8 is high. /S must
remain active throughout any read or write operation. Only the /F

refresh operation can be executed when /S is high.

DQy.35 — Data Input/Output

These bidirectional data pins are used to read and write data to
the EDRAM. On the DM2212 write-per-bit memory, these pins are
also used to specify the bit mask used during write operations.

Ag."; -_ M"Itiﬂlex Address

These inputs are used to specify the row and column addresses
of the EDRAM data. The 11-bit row address is latched on the falling
edge of /RE. The 9-bit column address can be specified at any other
time to select read data from the SRAM cache or to specify the write
column address during write cycles.

internal refresh counter as an address source when it is low on the Vg Power Supply
low going edge of /RE. These inputs are connected to the +5 volt power supply.
/WE — Write Enable Vss Ground
This input controls the latching of write data on the input data These inputs are connected to the power supply ground
pins. A write operation is initiated when both /CAL and /WE are low.  connection. z
Absolute Maximum Ratings Capacitance
(Beyond Which Permanent Damage Could Result)
Description Ratings Description Max* Pins
Input Voltage (Vin) -1~7v Input Capacitance 130/136pf Agg
Output Voltage (Vour) -1~7v Input Capacitance 165/180pf Aq0. W/R, /WE, /F
Power Supply Voltage (Vgc) “1~7v Input Capacitance 97/100pf | /Sy, /S,
Amb«ﬂt Operatmg Temperature (Ty ) 0~70°C Input Capacitance 52/55pf IRE,
| Storage Temperature (T) -55 -~ 150°C Input Capacitance 55/65p1 | /RE,
Statlc Discharge Voltage )
(Per MIL-STD-883 Method 3015) >2000V Input Capacitance 92/92pf /RE4
Short Circuit O/P Current (lqyr) 50mA* Input Capacitance 62/62pf | /G
* One output at a time per device: short duration Input Capacitance 52/55pf /CALy.3
Input Capacitance 32pf /CALp
1/0 Capacitance 16pf DQq.35
+ DM2M325J/ DM2M38SJ, respectively
AC Test Load and Waveforms Vyy Timing Reference Point at Vy, and Vi,
Load Circuit 5.0V Input Waveforms
Output
R, =295Q C = 50pf GND
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Electrical Characteristics

(Ty=0-70°C)
Symbol Parameters Min Max Test Conditions
vCC Supply Voltage - 4.75V | 5.25V | All Voltages Referenced to Vgg
Viy | Input High Voltage 24V | 65V | i
Vi | Input Low Voltage A0v | osv | -
Vo Output High Level I VY — ET:;n{A ]
VoL | Outputlowlevel 0w | igyr=d2m ) |
iy | Iput Leakage Current 10pA | 10pA | OV <Vyy <65V, Al Other Pins Not Under Test = OV |
lo) | Output Leakage Current 10pA | 104A | OV <Vyy. OV <Voyr <55V
Operating Current — DM2M32SJ
Symbol Operating Current | 33MHz Typm -15 Max | -20 Max Test l.‘andltmn Notes
lect Random Read SSOnTr 1[757@1;( 1440mA | /RE, /CAL, /G and Addresses Cycling: t¢ = t¢ l\/llmmum 7 ZT
lccz | FastPage Mode Read | 520mA | 1160mA | 920mA | /GAL,/G and Addresses Cycing: tog = tog Mivmum | 2.4 |
lccs | Static Column Read 440mA 880mA | 720mA | /G and Addresses Cyclmg ts;gc Minimum 2,4 7
lcca | Random Write 1080mA | 1520mA | 1200mA | /RE, /AL, AWE and Addresses Cycling: tg = t Minimum | 2, 3
locs | FastPage Mode Write | 400mA | 1080mA | 840mA | /CAL, AWE and Addresses Cycing:tpg = tpg Minimum | 2.4 |
lccs Standby . 16mA 16mA 16mA 7 AII Control Inputs Stable > Vgg - 0.2V
leet Average Typical 240mA — — See "Estimating EDRAM Operating Power" Application Note | 1
Operating Current
Operating Current — DM2M36SJ
Symbol |  Operating Current | 33MHz Typm -15 Max | -20 Max Test Condition Notes
lcct Random Read 990mA 2025;va 1620mA /HE /CAL /G and Addresses Cycling: tg = tg Mmlmum 2,3
1Y) Fast Page Mode Read 585rh7A 1305mA 1035&\_/&— /CAL /G and Aﬁdresses Cycling: tpc = tpc Minimum 2.4
loes Static Column Read 495mA 990mA | 810mA | /G and Addresses Cycling: tsc = tgg Minimum 2,4 '
lcca Random Write 1215mA 1710mA | 1350mA | /RE, /CAL, /WE and Addresses Cyclmg tg=tg Minimum - 2,3
logs | Fast Page Mode Write | 450mA | 1215mA 945mA | /CAL, WE and Addresses Cycling: tpg = tpg Minimum | 2.4 |
lccs Standby 18mA 18mA 18mA All Control Inputs Stable > VCC 0.2V e
lect Average Typical 270mA — — See "Estimating EDRAM Operating Power’ Appilcatlon Note ~1__
Operating Current
(1) "33MIz Typ™ refers o worst case I expected in a system operating with @ 33MHz memory bus. In this typical example. page mode and random reads refer to page burst hits and
misses. Writes are two clock cycle random and page mode writes. See power applications note for further details. This parameter is not 100% tested or guaranteed,
(2) g is dependent on Gy raies and is measured wiihh CHOS fevels and ihe outputs oper.
(3) I is measured with s masimum of one address change while /RE =V,
(4) I is measured with a maximum of one address change while /CAL = V.
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Switching Characteristics

Discrete devices have been tested from 4.7V 10 5.3V Vi, and (o 75°C to guarantee SIMM specifications. (Ve = 5V £ 5%. Ty = 0 to 70°C. €, = 50pf)
Symbol Description il i Units
B 7 7 i i - L Mn{ Max | Min Max
tac'! Column Address Access Time 15 20 ns
i tacH Column Address Valid to /CAL Inactive (Write Cycle) ) 15 20 ns
tonV wColumn A&E;ess Chaﬁge to Output Data Invalird - 7 5 5 ns
tasc Column Address Setup Time 5 | 5 ns
| tasr Row Address Setup Time - 5 6 ns
L—;C Row Enable Cycle Time —: - - 65 1 85 ns
te1 Row Enable Cycle Time, Cache Hit (Row=LRR), Read Cycle Only 25 32 ns
‘AtCA Address Cycle Time (Cache Hits) o 15 20 ns
tCAVEN Column Address Latch Active Time N 6 7 ns
toaH Column Address Hold Time 0 1 ns
1cor® | Column Address Delay from /RE Low, After /CAL Assertion in a Write Hit Cycle | 35 45 ns
teH Column Address Latch High Time (Latch Transparent) - 5 7 ns
toHR /CAL Inactive Lead Time to /RE Inactive (Write Cycles Only) -1 -1 ns
g&v—;_‘aorlv'\;;;\‘(’idrress Létch High tb W>rite;>.én;1-ble Low (Multiple Writes) o 0 0 ns
toav Column Address Latch High to Data Valid 17 20 ns
teax Column Address Latch Inactive to Data Invalid 5 5 ns
lcrp Column Address Latch Setup Time to Row Enable 5 6 ns
towL /WE Low to /CAL Inat;tive . 57 7 ns
toy Data Input Hold Time A 0 - 1 ns
Vt;)m kiM;nskHold i’;me From RL;W Enable (Write-Pé}-Bitj - 1.5 2 ns
toms Mask Setup Time to Row Enable (Write-Per-Bit) o Wg B 76 ns
tps [r);t-arlrnput Setup Time 5 I 6 ns
toav!” Output Enable Access Time 7 5 6 ns
tGQX(&“i Output Enable to Output Drive Time 0 5 0 6 ns
tgz®® Output Turn-0ff Delay From Output Disabled (/GT) 0 5 0 6 ns
ﬂ{MH /F and W/R Mode Seléct HOIdTlme 7 o 0 1 ns
jt&su /F and W/R Mode Select Setup Time 5 6 ns
ﬁ tNRH /CAL, /G, and /WE Hold Time For /RE-Only Refresh 0 0 ns
tNRS /CAL, /G, and /WE SetupTIme For /RE-Only Refresh o 5 6 ns
tpe Column Adgre;;ach Cyclé }ihe 15 20 ns
tract" ] Row Enable Access Time, On a Cache Miss 35 45 ns
tract!" Row Enable Access Time, On a Cache Hit (Limit Becomes tac) 17 22 ns
i traco!™” | Row Enable Access Time for a Cache Write Hit 35 45 ns
traH Row Address Hold Time 1.5 2 ns
WTRE ) Row Enable Active Time - 5;3 100000 | 45 100000 ns
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Switching Characteristics (continued)
Discrete devices have been tested from 4.7V to 5.3V V¢ and to 75°C to guarantee SIMM specifications. (Ve = 5V £5%. Ty = 0 to 70°C. €|, = 50pf)

-15 -20
Symbol Description win | Mer | Mo Max Units
tRE Row Enable Active Time, Cache Hit (Row=LRR) Read Cycle 10 13 ns
tRer Refresh Period 64 64 ms
trgx Output Enable Don't Care From Row Enable (Write, Cache Miss), O/P Hi Z 10 13 ns
tgp'® Row Precharge Time 25 32 ns
tRp1 Row Precharge Time, Cache Hit (Row=LRR) Read Cycle 10 13 ns
tRRH Read Hold Time From Row Enable (Write Only) 0 1 ns
tRsH Last Write Address Latch to End of Write 15 20 ns
tRsw Row Enable to Column Address Latch Low For Second Write 40 51 ns
thwL Last Write Enable to End of Write - 15 20 ns
tsc Column Address Cycle Time 15 20 ns
tSHR Select Hold From Row Enable 0 1 ns
tsqu!" Chip Select Access Time 15 20 ns
tsox® | Output Turn-On From Select Low 15 0 | 20 ns
tsz®® | Output Turn-Off From Chip Select 0 | 10 0 13 ns
tssr Select Setup Time to Row Enable 5 6 ns
tr Transition Time (Rise and Fall) 1 10 1 10 ns
twe Write Enable Cycle Time 15 20 ns
tweH Column Address Latch Low to Write Enable Inactive Time 5 7 ns
twhr'® Write Enable Hold After /RE 0 1 ns
tw Write Enable Inactive Time 5 7 ns
twp Write Enable Active Time 5 7 ns
twav'" Data Valid From Write Enable High 15 20 ns
twax®® | Data Output Turn-On From Write Enable High 0 15 0 | 20 ns
twaz*® | Data Turn-Off From Write Enable Low 0 15 0 20 ns
twrp Write Enable Setup Time to Row Enable 5 5 ns
twrR Write to Read Recovery (Cache Miss) 15 20 ns

(1) Yoy Timing Reference Point at 1.5V

(2) Column Address is Ignored Prior oty for This Specific Cycle

(3) Parameter Defines Time When Output is Enabled (Sourcing or Sinking Current) and is Not Referenced to Vou of V()L

(4) Minimum Specification is Referenced from v, and Maximum Specification is Referenced from Vy; on Input Control Signal

(5) Parameter Defines Time When Output Achieves Open-Circuit Condition and is Not Referenced to Vi, or Ve

(6) Minimum Specification is Referenced from Vy; and Maximum Specification is Referenced from Vy; on Input Control Signal

(7) Access Parameter Applies When /CAL Has Not Been Asserted Prior 1o tpy

(8) For Back-to-Back /F Refreshes, tp, = 40ns. For Non-consecutive /F Refreshes, tg,, = 25ns and 32ns Respectively

(9) For Write-Per-Bit Devices, WWHR is Limited By Data Input Setup Time, tos
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/RE Active Cache Read Hit (Static Column Mode)
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/RE Active Cache Read Hit (Page Mode)
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/RE Active Cache Read Miss (Static Column Mode)
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/RE Active Cache Read Miss (Page Mode)
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/REO,2.3

/F

W/R

Ag-10

ICALy.5p

/WE

DQy 35
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-< tre >
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X_Row XX Column 1 }( X Column2 X Column n

<— tgep

NOTES: 1.
2.
3.
4.

Parity bits DQg 7 ¢ 35 must have mask provided at falling edge of /RE.

On a write miss cycle that is directly followed by a read hit, W/R must be high simultan
/G becomes a don't care after tp;x during a write miss.

tepr only applies if /CAL falls prior 0 tyy, timing interval.

Don't Care or Indeterminate [

eously or before /RE goes high.
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Page Read/Write During Write Hit Cycle (Can Include Read-Modify-Write)

/REg 23

/F
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- "" tssr
/80,1

NOTES: 1.

2

If column address 1 equals column address 2, then a read-modify-write cvele is performed.
Parity bits DQg |- 5 35 must have mask provided at falling edge of /RE.

Don't Care or Indeterminate []
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Write-Per-Bit Cycle (/G = High)
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NOTES: Data mask bit high (1) enables bit write: data mask bit low (0) inhibits bit write.

Iwo X4 EDRAM options are available, one with write-per-bit (DM2212) and one without write-per-bit (DM2202).

[OVR SO

Write-per-bit waveform upplies to parity bits only (DQg ;= 5 35)-

2-71



/F Refresh (Including “CAS Before RAS”) with Page Mode and Static Column Cache Reads

<« tgg —>

/REg o3
- < twsy | trp —>
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/F
1 T
W/R e

/WE
Ao-8
tae =
<— teav
__)|
Data 3

Don't Care or Indeterminate [

NOTES: 1. During /F refresh cycles, /S is a don't care unless cache reads are performed. For cache reads, /8 must be low.
2. 1f /CAL is low when /RE falls, a “CAS before RAS™ type refresh occurs.
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/RE-Only Refresh

< - tC >
/REg s - toe g t N
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NOTES: 1. All binary combinations of Ay o must be refreshed every 64ms interval. A, does not have to be cycled. but must remain valid
during row address setup and hold times.
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Mechanical Data
72 Pin SIMM Module

Inches (mm)

Double Side
Mounting

-« 2.125(53.98) ———

L

4.245 (107.82)

4.255 (108.08)

3.984 (101.19) ———————

—|

e ™
0.945 (24.00) 1l
0955 324.26) —\- 88
Y ,
A 0.050 (127) —>| |<— \ 0.040 (1.02) —>=||=—
0.042 (1.07)
0.245(6.22) / |1 0075 (1.90) A\ 0060(152)
025648 /| <7 0083 (2.16) [ 0.064 (163 "
0062 (1.57) RAD. —/ e~ 1750(4445) = | |<— 0250(6.35)
0250 635) —= |~ — 3750 (35.25) —

U1-U4. U6-U9, U10-U13, U15-U17 — Ramtron DM2202J-XX, 1M x 4 EDRAMSs, 300 Mil SOJ
U5, U14 — Ramtron DM2212J-XX. 1M x 4 EDRAM with Write-Per-Bit (Not present on DM2M325J)

C1-C18 — 0.22pF Chip Capacitors
Socket — Molex 78441-7202 or Equivalent

- 0.123(3.12)
/0127 (3.22)

0.225

0.010  (5.72)

(.254)

>| |<— 0.047 (1.19)
| 0.054(137)
|<— 0.365 (9.28)

> ‘

Part Numbering System

DM2M36SJ - 15
|

15ns
20ns

Packaging System

J =300 Mil, Plastic SOJ

Memory Module Configuration

S = SIMM

32 = 32 Bits
36 = 36 Bits
40 = 40 Bits

2M
4M

- Dynamic Memory

L—————— |/0 Width (Including Parity)

——————— Memory Depth (Megabits)
M

L Access Time from Cache in Nanoseconds

The information contained herein is subject to change without notice. Ramtron lnternational Corporation assumes no responsibility for the use of any circuitry other than circuitny
embodied in 4 Ramtron product, nor does it comvey or imply any license under patent or other vights
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EDRAM Design Hints
REMEDN Application Noff’

This application note is a collection of design suggestions based — Power s‘lpply
upon common errors made during the development of EDRAM . . . ) .
High speed EDRAM operation can generate high transient power

systems. | : : )
supply currents. Adequate decoupling (typically 0.22pF per chip near
Initialization power pins) and a low impedance power and ground bus are
necessary to prevent the power supply voltage from dropping below
To assure reliable operation of the EDRAM, please initialize the +4.75 volt minimum specification during transients. Wire wrap
promptly on power-up. This initialization requires eight /F refresh boards will not normally provide an adequate power bus. Please use
cycles and two /RE active read cycles per bank to different row awell designed PC hoard for both prototype and production systems.

addresses. The /F refresh cycles would normally be performed while
power-up reset is active. The read cycles would typically be executed Air Flow
as part of a system startup program. It will not be possible to read
data properlv without initialization.

The EDRAM, like other high performance products, can
dissipate a significant amount of heat when operated at its maximum

End Write cyc[gs With /CAL High random duty cycle (i.e., 65ns /RE cycle time). The heat generated by

o . L ) the EDRAM, the microprocessor, and other high performance devices
Unlike a standard DRAM, the EDRAM t,, specification requires

hat /CAL be | ht hish before /RE wl n , | can lead to unreliable operation if no airflow is provided. Since the
that /CAL be )rou.g., t "g‘. e.() re /RE when ending a write cycle to microprocessor, memory controller, and memory are all in the
assure proper write termination.

critical timing path, additional airflow for all three may sometimes he

W/R Mode Dpemtion advisable. Please use our power application note to better understand
the expected operation current for your system. EDRAM power can
It has been found that the W/R mode signal must be high for be reduced by using the /S chip select to place devices in their low
both falling and rising edges of /RE during write miss cycles. As a power mode when not in use and by using the /RE inactive cache 2
matter of practice, please make sure W/R is high during the entire access mode to minimize the /RE duty cycle. In this mode of
/RE active period for reliable operation operation, air flow is not typically required for the memory. The
microprocessor and controller, however, may still benefit from
Unallowed Mode cooling efforts.

The EDRAM does not disable all logic when the /S chip select is
disabled. As a result, /RE should never be clocked in read or write
mode when /8 is disabled. The EDRAM cache control logic is
corrupted when this operation occurs.

© 1994 R: i ion, 1850 Ramtron Drive, Colorado Springs, CO 80921
Telephone (800) 545-FRAM, {719) 481- 7000; Fax (719) 488-9095 R1012494
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Introduction

The Ramtron enhanced DRAM combines the functions of a fast
35ns DRAM, 15ns SRAM cache memory, 250-byte wide DRAM to
SRAM bus, and write posting register on a single chip. As a result, it
provides 2 much higher level of integration, faster performance, and
lower power than an equivalent system built using a secondary SRAM
cache, cache controller, two-way or four-way interleave DRAM, and
DRAM controller.

Like DRAMs, EDRAM power consumption is dependent on cycle
time and mode of operation. It becomes necessary to understand a
number of important statistics about the exact system operation to
properly estimate the operating power. This application note will
summarize the characterization of EDRAM power under different
operating conditions and frequencies. From these results, equations
are developed to estimate EDRAM current at different clock rates. A
model for EDRAM operating power is then developed based upon
Intel 486 bus activity assumptions. Finally, the EDRAM peak,
operating, and standby currents are estimated for the 25MHz and
33MHz bus rates typical of most high performance 486DX and
480DX2 systems today. Using these examples, it should be easy to
develop models of operating power in other types of computer
systems.

EDRAM Supply Current Characterization Results

Ramtron has characterized a number of operating modes over a
range of cycle times. Operating currents shown include random read
and write current, page mode read and write current, and static
column read current. Both CMOS and TTL interface characterizations
are included. All current measurements were taken at worst case
temperature of -5°C.

EDRAM Standby Current — The EDRAM is specified at 1mA
standby current with CMOS levels and characterized at 16mA standby
current (worst case) with TTL levels. Operating at TTL interface
levels increases the standby current significantly since the TTL input
buffers tend to operate close to their input threshold resulting in
higher current flow in the buffer. Since actual TTL drivers never
operate at specification minimums (noise margins are built into the
specifications), actual TTL standby current will be significantly lower
than specified.

Random Read Operating Current — The EDRAM can operate
at random read cycle times from 65ns minimum to 62,400ns
maximum (refresh rate). If the row address specified is always
different, a page miss will occur and the EDRAM will load a new row
of data into the on-chip SRAM cache on each cycle. During
characterization, we measured the read miss operating current at
three cycle times (65, 85, and 325ns). From this data, we developed
a simple formula to fit the data. This formula can then be used to
estimate the current at any cycle time within the operating range. The

Estimating EDRAM Operating Power

Application Note

random read current with CMOS operating levels is shown in Figure

1 Tho formula far actimating cueront ic (G5nc/anarating cuclo timao *
L. 110U vLniuia v Lﬁllllldlllls LUIITHIL IO \VU Iy llp\,l allllﬁ \.!\.l\. [Pt

180) + 25. From this formula, we see that the static read current with
/S enabled is about 25mA and the maximum read current at 65ns
cycle time is 205mA.

Figure 1. Random Read Current — CMOS Levels
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The random read current for TTL levels is shown in Figure 2.
The formula for estimating current is (65/cycle time * 187) + 38.
Static read current with /S enabled is about 38mA and maximum read
current at 65ns is 225mA. The difference in current between CMOS
and TTL operation is roughly the same input leakage current
difference seen in the static current specification.

Figure 2. Random Read Current — TTL Levels
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]
200 -
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Cycle Time (ns)

Random Write Current — The random write current was
characterized at the same 65ns, 85ns, and 325ns cycle times and a
formula was developed to fit the data. The random write current at
CMOS levels is shown in Figure 3. The formula for estimating current
is (65/cycle time * 157) + 22.

© 1993 Ramtron International Corporation, 1850 Ramtron Drive, Colorado Springs, CO 80921
Telephone (800) 545-DRAM, (719) 481-7000; Fax (719) 488-9095

R1011893



Figure 3. Random Write Current — CMOS Levels
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Figure 6. Page Mode Write Current — TTL Levels
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The random write current at TTL levels is shown in Figure 4.
The formula for estimating current is (65/cycle time * 160) + 30.

Figure 4. Random Write Current — TTL Levels
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The page mode write current with TTL levels is shown in Figure
6. The formula for estimating current is (35/cycle time * 50) + 30.

Page Mode + Static Column Read Current — The read current
was characterized at 35ns, 40ns, and 100ns cycle times for both page
mode (clocked /CAL) and static column mode (/CAL high). Using
this data, a formula for each current was fit to the data. This allows
us to estimate current at the maximum cycle time of 15ns as well as
other cycle times. The read current for page mode operation and
CMOS levels is shown in Figure 7. The formula for estimating current
is (35/cycle time * 54) + 17.

Page Mode Write Current — Page mode write current was
characterized by measuring write cycles with /CAL cycling at 35ns,
40ns, and 200ns cycle times. From this data, we fit curves which
allow write current to be estimated at the maximum 15ns rate and at
slower cycle times. The page mode write current at CMOS levels is
shown in Figure 5. The formula for estimating current is (35/cycle
time * 40) + 23.

Figure 5. Page Mode Write Current — CMOS Levels
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Figure 7. Page Mode Read Current — CMOS Levels
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The read current for page mode and TTL levels is shown in
Figure 8. The formula for estimating current is (35/cycle time * 52)
+32.
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Figure 8. Page Mode Read Current — TTL Levels
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The read current for static column operation with CMOS levels
is shown in Figure 9. The formula for estimating current is
(35/cycle time * 39) + 18.

Figure 9. Static Column Read Current — CMOS Levels

120 -
100

Current (mA)
3

0l 1 1 1 1 J
0 20 40 60 80 100

Cycle 1ime (ns)

The read current for static column operation at TTL levels is
shown in Figure 10. The formula for estimating current is
(35/cvcle time * 41) + 29.

Figure 10. Static Column Read Current — TTL Levels
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Calculating Actual EDRAM System
Power Requirements

We can now develop an equation for estimating EDRAM power
under different system operating conditions. We will use the Intel
480 local bus operation as the basis of this equation. Models
could be easily developed for other processor bus structures using
the same approach.

The main memory references on the Intel 486 local bus take
the form of burst read and write cycles. Burst read cycles are used
to refill the on-chip primary cache. Write cycles are the result of
processor write throughs to the bus. Since the 486 system has a
primary cache, the processor will execute a high percentage of
read operations from the on-chip cache. This fact results in fairly
low local bus utilization and a fairly balanced mix of read and write
cycles. The following model will assume that the local bus is used
only 33% of the time. I will assume that an equal mix of burst read
and write cycles will occur and that 50% of burst read cycles will
be burst read page hits (an 88% EDRAM cache hit rate).

The EDRAM will not operate at its maximum specified cycle
times with the 480 processor. During burst read hit cycles, the
EDRAM memory controller must generate EDRAM addresses and
the cache data must be setup to the processor during each burst
cycle. The cache is also idle during the initial T1 cycle which
generates the burst starting address. During a burst read miss, the
DRAM is accessed during the initial read cycle and then is idle
while the remaining burst cycles are accessed from cache. As a
result, the duty cycle of DRAM read/write and cache read cycles
will vary by bus clock rate and memory reference type. The table
below summarizes the effective cycle times of the DRAM and cache
portions of the EDRAM tfor both 25MHz and 33MHz 486 bus
operation.

Effective EDRAM Cycle Times

Clock EDRAM Burst Burst

Rate Mode Read Miss | Read Hit | Write
25MHz Random 240ns N/A 80ns
25MHz | Page/Static Columnv 60ns 50ns N/A
33MHz - Vliana;rﬁ' 180ns N/A 90ns
33MHz | Page/Static Column 45ns 37.5ns N/A

Using these assumptions, we can develop a2 model for EDRAM
operating current.
% bus idle time * standby current +

0, o v T 1 BV o
% bus active time * % burst

.. Tis: EY

) Gt van on Qeng
% burst ¢ age misses

eads * % burst read p
burst read miss current +

% bus active time * % burst reads * % burst read page hits *
burst read hit current +

% bus active time * % writes * % random writes * random write
current +

% bus active time * % writes * % page writes * page write current
+

% refresh time * refresh current



Now let's work through an example calculation. First, we
calculate the EDRAM maximum currents for each mode at 33MHz.
Note that burst read miss current is calculated by averaging the
random read current for the first three bus cycles and the static
column read current for the last three bus cycles of the burst read
miss cycle (3:1:1:1). The burst read hit current is calculated using
the static column read current only.

Burst read miss current =

((65/90%180)+25) + ((35/30*39) + 18)/2 = 109mA
Burst read hit current = (35/37.5 * 39) + 18 = 54mA
Random write current = (65/90 * 157) + 22 = 132mA
Page write current = (35/60 * 40) + 23 = 50mA
Refresh current = (65/05 * 180) + 25 = 205mA

Now we can complete the operating current calculation for the
bus utilization statistics stated earlier.

33MHz Operating Current =

66.9% (bus idle time) * 1mA (standby current) +

33% (bus active time) * 50% (burst reads) * 50% (burst read
misses) * 109mA (burst read miss current) +

33% (bus active time) * 50% (burst reads) * 50% (burst read
hits) * 54mA (burst read hit current) +

33% (bus active time) * 50% (writes) * 50% (random writes) *
132mA (random write current) +

33% (bus active time) * 50% (writes) * 50% (page mode writes)
* 50mA (page mode write current) +

0.1% (refresh time) * 205mA (maximum refresh current) = 30mA

It is also useful to calculate the standby current of the EDRAM
with periodic refresh since this defines the power of any unused
EDRAM memory banks. This current can be calculated by setting bus
idle time t0 99.9%, bus active time to 0%, and refresh time to 0.1%.

The system designer will also want to calculate the peak read
and peak write current at the specified clock rate so that the power
supply design and power bussing can support the theoretical
maximum power. These calculations are made by setting bus idle
time to 0%, bus active time to 99.9%, and allowing 100% bus read
misses or 100% write miss rates.

To summarize the different currents calculated at 33MHz, see
Figure 11 below

We can now calculate the same current values for a 486
operating at 25MHz. These values are shown in Figure 12.

As we see from these calculations, the typical operating current
for the EDRAM operating in a 486 system will be significantly below
the EDRAM maximum datasheet power specifications and peak power
requirements. For example, at 33MHz the typical power per EDRAM
will be 30mA * 5.0 volts or 150 mW. All EDRAMs that are not active
will be idling at 6GmW. A DM1M36SJ EDRAM SIMM module would
have a typical operating power of 1.35 watts and a standby power of
54mw.

Figure 11. EDRAM Current for 33MHz 486 Systems
Peak Write Current 135.00
Peak Read Current 109.00
Operating Current 30.00
Standby Current [§ 1-20
(I] 5‘0 1(‘)0 léO 200
Current (mA)
Figure 12. EDRAM Current for 25MHz 486 Systems
Peak Write Current 107.00 -
Peak Read Current 87.00
Operating Current 25.00
Standby Current | 1.20
(I) 5|0 1(|]0* 71!;0 200
Current (mA)
Ramtron [nternational Corporation assumes no responsibility for the use of any circuitry other than circuitnry embodicd ina Ramtron product.
nor does it convey or imply any license under patent or other rights

¢ Copyright 1993 Ramtron International Corporation
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Summary

Ramtron’s enhanced DRAM (EDRAM) memory is the ideal
memory for high performance embedded control systems.

B No Wait States During Burst Read Hit
B Only One Wait State During Burst Read Miss and Burst Write Cycles
W Single Chip FPGA-based Controller Solution

Introduction

The Intel 1960 family of 32-bit microprocessors is popular for
high performance embedded control applications. The {960CA/CF
processors are the highest performance members of this family. These
processors use a 32-bit non-multiplexed bus which supports up to
four word burst reads or writes. The bus supports pipelined
operations and allows both internal and external insertion of wait
states. The i960CA/CF processors are available in 16, 25, and 33MHz
clock speed options.

Ramtron’s EDRAM is the ideal main memory component to
support the i960CA/CF processors at 25 and 33MHz clock rates. Its
fast 15ns read access time allows all read cycles which hit the on-chip
cache to be performed in zero wait states without the need for external
cache or interleaving. When a read request misses the EDRAM's on-
chip SRAM cache, the EDRAM can load a new page into cache in just
35ns (a single wait state at 25 or 33MHz bus rates). Burst write cycles

EDRAM Controller For 25MHz & 33MHz
Intel i960CA/CF Microprocessors

Application Note

are performed in only one wait state. This high level of performance is
achieved with a single non-interleaved memory bank consisting of as
few as eight 1M x 4 components or a single 72-pin 4Mbyte EDRAM
SIMM module. Standard DRAM requires the insertion of numerous
wait states due to its three times slower page cycle time and two times
slower random access cycle time. The EDRAM even has fewer wait
states than a much more complex writeback secondary cache plus
DRAM memory subsystem as shown in figure 1.

Figure 1. Bus Cycle Comparison at 33MHz Bus Speed

Transaction EDRAM DRAM Cache + DRAM
Burst Read Hit ) 2717:1:1 5:2:2:2 2:1:1:1
Burst Read Miss 311 5:2:2:2 5:2:2:2
Burst Write Hit | 3111 4:2:2:2 2:1:1:1
Burst Write Miss 3111 4:2:2:2 4:2:2:2

A single 132-pin Intel iFX780-10 FPGA can interface 4-16Mbytes
of Ramtron EDRAM main memory to a i960CA/CF processor as shown
in figure 2. This design will support either 25 or 33MHz processor
clock rates by simply selecting the processor clock rate and plugging
in the correct speed EDRAM SIMM modules (15ns or 20ns version).
This application note will describe the design of this 25 or 33MHz
single chip EDRAM controller.
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Figure 2. Intel i960CA/CF System Block Diagram
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EDRAM Controller Design

W /CAL_; — Column Address Latch Inputs for Bytes 0-3
| W/R,, , — Write/Read Mode Input for Low/High Banks
The objective of this single chip controller design is to support g /F, | — Refresh Mode Input for Low/High Banks

all i960CA/CF memory transactions with minimum memory wait m /S, — Chip Selects for Bank 0-3
states using a simple single phase clock design. The controller is W /G, , — Output Enable for Low/High Banks
designed to support up to four 4Mbyte EDRAM SIMM modules W /WE,_, — Write Enable for Low/High Banks

(DM1M32) or two 8Mbyte EDRAM SIMM modules (DM2M32)
without external buffer components.
The 1960 supports the following memory transactions:

® One to Four 32-bit Long Word Reads
® One to Four Byte/Word/Long Word Writes

EDRAM Controller Functional Description

This section describes the EDRAM controller internal block
diagram shown in figure 3.

The Refresh Counter divides the PCLK signal to generate a

In order to support these bus operations, the EDRAM
controller must interface with the following processor control and

62psec refresh clock for the EDRAM. The refresh request will
trigger an /F refresh on the next available bus cycle.

address signals: The Last Row Read (LRR) Register is 1 13-bit register

W A, ;; — Address Bus

W BE# ; — Byte Enables

W ADS# — Address Strobe Signal

W W/R# — Write/Read Mode Signal
W BLAST# — Burst Last Signal

® RDY# — Non-burst Ready Acknowledge Signal sequence.
W Reset# — Processor Reset Input
B PCLK — Processor Clock Output

The controller generates the following signals to control the
EDRAM SIMM modules:

W MAL; , — Multiplex Address, Bank 0-1
| MAH, o — Multiplex Address, Bank 2-3
W MALA,;, — Bank 0, MA,

W MALB,, — Bank 1, MA,

W MAHA,, — Bank 2, MA,,,

® MAHB,, — Bank 3, MA,,

® /RE;_; — Row Enables for Bank 0-3

which holds the 11-bit row address and 2-bit bank address of the
last EDRAM read event.
The Hit/Miss Comparator compares the new row and bank
address with the LRR register on each read transaction. The state
machine uses the hit/miss status to determine the EDRAM control

The Address Multiplexer selects either the row address,
column address, or burst address to the EDRAM multiplex address
inputs under the control of the state machine. Note that two
independent multiplex address output busses are used for MA(.4 to
limit the capacitance driven by the FPGA. In the case of MA,
individual output pins are used for each bank of memory due to
the high input capacitance of this address line. The use of multiple
outputs limits the clock to output delay to 8ns to achieve the goal of
zZero-wait-state operation.

The Burst Address Generator increments the lower two
multiplexed address bits (MA,.,) using the Inte interleave
sequence used during 1960 cache fill and writeback cycles. The

Figure 3. EDRAM Controller Block Diagram
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upper bits (MA, ) are identical to the column
address.

The Address Decoder decodes the address bits
(Ay,;.31) to determine if a valid memory address is
present. The EDRAM memory is enabled for memory
transactions in the lower 16Mbyte address range in

Figure 4. i960CA/CF State Machine

1 Reset Sequence
|

| |
| ; . No Event
\] Y (Bus or Refresh)

this example. 1/0 and other memory devices are

presumed to be mapped into the remain address

space.

The State Machine implements the EDRAM \
control sequences. During reset the following
sequence is run:

W Reset Sequence — When the Reset# input is low,
the processor is in its reset state. The EDRAM
controller initializes the controller logic and then \
enables refresh cycles. The controller will perform
the required eight /F refresh cycles while Reset# is
low. The required two read miss cycles per bank
EDRAM initialization should be implemented in the
software startup routine in the system bootstrap
ROM. When Reset# is released, the controller
enters its idle state waiting for memory
transactions.

The detailed state diagram for the EDRAM
memory sequences is shown in figure 4. A memory
sequence is initiated when ADS# and a valid address
are present or refresh request is pending. The W/R#
input and hit/miss comparator status determine the
finad sequence for bus evens:

End of Burst

End of Burst

End of Burst

W Read Hit Sequence — When a read hit is detected,
the state machine will perform a single 32-bit read
from the EDRAM cache. The read is executed by
applying the column address (MAL.y, MAH,g),
output enable (/G ,), chip select (/S,.;) to the
EDRAM, and RDY# acknowledge to the processor
during R2. All control signals are available t,,
after the rising edge of the processor clock.

B Burst Read Hit Sequence — If the BLAST# is still Y

Write

w2

<« W3

<

{ 11 e
Refresh ]
[ [ R}
I F2

Not
Read y
Hit

Read
Miss

Read | he0

Hit

Burst
Burst

A4
R3

End of

" Burst

End of Burst |

Burst
! Burst

; End of 2

" Re \ Burst

Burst

w4 |

Burst [ Burst

RS |

Not
Read
Hit

high at the end of the first word transfer, the
machine will continue from state R2 to the burst

read sequence R3 through RS. During each state, a
new burst address is output to the EDRAM at t¢),..

Output enable, chip select, and the RDY# acknowledge remain

valid. The burst sequence is terminated on the first cycle where
BLAST# is low.

B Read Miss Sequence — When a read miss is detected, the state
machine will perform an /RE active 32-bit read from the
EDRAM. During R1, the row address (MAL,_,,, MAH,,_;,), read
mode (W/R low), and chip select (/8,.;) are presented to the
EDRAM. The /RE signal for the selected EDRAM bank is clocked
teo1, after R1 to initiate a DRAM row access. This access will
transfer the new row to SRAM cache. During R2, the column
address and output enable read the cache location, and RDY#
acknowledges the transfer.
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W Burst Read Miss Sequence — If the BLAST# is still high at the

end of the first word transfer, the machine will continue from
state R2 to the burst read sequence R3 through R5. During each
state 2 new burst address is output to the EDRAM at t;;.. Output
enable, chip select, and RDY# acknowledge remain valid. The
burst sequence is terminated on the first cycle where BLAST# is

low.

Write Sequence — An /RE active single write cycle is
performed. The bytes written are determined by the BE#
input. The state machine activates the appropriate /CAL.;
outputs to enable the correct bytes of memory. The state
machine selects the row address (MAL,.,,, MAH,_,,), write
mode (W/R high), and appropriate chip select (/5,, ;) signals to



the EDRAM during W1. /RE is enabled t.,, after the beginning
of W1. The column address is output at t;,, of W2. The /WE and
/CAL outputs for the selected bytes are enabled at ty,, after the
middle of W2 to initiate the write cycle. /WE, /CAL, and /RE are
brought high to terminate the write.

W Burst Write Sequence — 1f BLAST# is high during W1, the
processor will continue to output burst data. In this case, the
controller will proceed to W3 through W5 until BLAST# becomes
low. On each cycle, a new column address is generated using the
Intel interleave format and the /WE and /CAL are brought low to
write data. The write is terminated in the last write state by
bringing /CAL, /WE, and /RE high.

W Refresh — If a refresh is pending during I1, the state machine
will perform an internal refresh on the next cycle by jumping to
F1. Refresh mode (/F) is enabled during F1. /RE is enabled tg,,
after F1 to perform the internal refresh cycle. The next bus event
is pipelined during F2. If the next event is a read hit, the state
machine jumps directly to R2 to perform the cache read while
the DRAM precharge time is met. If the next event requires
another DRAM cycle, the state machine jumps to 11 to allow a
single wait state while the precharge time is met.

Note that the EDRAM control interface is partitioned to make
sure that the output capacitance does not cause the clock to output
time on any signal to exceeded 8ns. As a result, heavily loaded
signals such as W/R, /F, /WE, /G are split into two pins which drive
either the low or high two banks of memory. On the other hand,
the /CAL, 5 signals are lightly loaded and a single pin drives all four
banks of memory.

The attached burst read miss, burst read hit, and burst write
timing sequences demonstrate the timing of the EDRAM controller
in a 33MHz i960CA/CF system with the 15ns version of the EDRAM.
The same design will work at 25MHz using the lower cost 20ns
version of the EDRAM. The worst case timing analysis is performed
using Chronology's Timing Designer™ software with EDRAM
timing parameters entered from the databook. EDRAM controller
parameters are from the Intel 132-pin iFX780-10 FPGA datasheet
with derating for additional load capacitance. The Intel FPGA was
selected because of its fast clock to output delay (6ns into 30pf),
fast setup time (6.5ns), and its fast address comparator feature
which allows implementation of a single chip EDRAM controller.
Other FPGA or PAL devices with similar performance should also
be useful to perform an EDRAM controller design. In high volume
applications, this controller design should be convertible into a low
cost CMOS gate array device with recurring cost of less than five
dollars.

Conclusion

A single chip EDRAM controller for the 25 and 33MHz Intel
i960CA/CF microprocessor can be implemented using a high
performance FPGA such as the Intel iFX780. This controller
supports up to 160Mbytes of EDRAM without additional buffer
components. Ramtron’s EDRAM improves i960CA/CF system
performance by significantly reducing the number of wait states
over a standard DRAM or secondary SRAM cache plus DRAM. This
system should provide one of the fastest and most integrated
embedded control solutions available.
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Word Burst Read Miss
s 00ns 50ns ns
P"'|||.|$°":.|.r.||.|1...‘r°°.|
STATE i X R ) GE ;] X B X X__Fs X n X
PO/ T\ /T N/ / \ \
|-060 13-+ 1-i96013++| )
ADS# \EEED)
S
AN312) | XEE
W/R#
: 96016+
BLAST# : L REEEEEEAN
: : —+{tCOts
READY# : ) | — :
: 1Gax : c ' C
: —1 - \C——f tAQX m%x'1 m—;I 074
D{31:0) o : 1 2 : 3 Data &
: +{t1CO1s 1CO1ts 1ICO1s 1COts tCOTs —+{tCO}s
MA[10:0] ; i : 1 1 X Col2 X ~Col3 X Col4
COta —rcota
RE \ § /
: {tCOJs
Parameter Table
Name Min Max Comment
i960.t1 3 14 PCLK to A(31:2) to Output Valid Delay
i960:t3 6 18 PCLK to ADS# Output Valid Delay
i960:t4 3 18 PCLK to W/R# Output Valid Delay
i960:t6 5 16 PCLK to BLAST# and WAIT# Output Valid Delay
i960:t11 3 16 PCLK to D(31:0) Output Valid Delay
i960:t0F 3 22 PCLK to ALL SIGNALS Output Float Delay
tCO1s 6 CLK to Output Valid (Synchronous)
tCO1d 8 CLK to Output Valid (Delayed)
tCO1a 12 CLK to Output Valid (Asynchronous)
tPD 10 Input or /0 to Output Valid
tAC 15 Column Address Access Time
tGAX 0 5 Output Enable to Qutput Drive Time
tGQZ 0 5 Output Turn Off Delay From Output Disabled
tRAC 35 Row Enable Access Time, On a Cache Miss
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Word Burst Read Hit

ns 100ns 150ns
|°"' [ N FO N [ | 1 Lo
STATE ] ), S ") X R X R X ® X0 X
I\ 7 \ \ / \ 7 (D

Parameter Table

Name Min Max - ‘ Comment -

i960.t1 3 14 PCLK to A(31:2) to Output Valid Delay

1960:13 6 18 PCLK to ADS# Output Valid Delay )

i960:t4 3 18 PCLK to W/R# Output Valid Delay

1960:16 5 16 PCLK to E&LAST# and WAIT#aﬁut Valid Delay

i960:t11 3 16 PCLK to D(31:0) Output Vali}j Delay

i960:t0F 3 22 PCLK to ALL SIGNXL& Output Float Delay - S |
tCO1s 6 CLK to Qutput Valid (Synch;onous) |
tcO1d 8 OLK to Output Valid (Oelayed) ]
tCO1a 12 CLK to Output Valid (Asynchronous)

tPD 10 Input or 1/0 to Output Valid - i

tAC 15 Column Address Access Time - a B
tGOX 0 5 Output Enable to Output Drive Time » 7 o

tGQZ 0 5 Output Turn Off Delay From Output Disabled .

tRAC 35 Row Enable Access Time, On a Cache Miss 7 - 7
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Word Burst Write

cAL39] |

5

Parameter Table
| Name Min Max | Comment
ﬁo-ﬂ 3 14 PCLK to A(31:2) to Outputr\rlgliid De;l;;yvw B )
iQBd:tS 6 18 PCLK to ADS# Output Valid Delay
lQGEM 3 718 PCLK l;) V\“I/R%é Ot:nput Valid Del;y
1960:t6 5 16 PCLK to BLAST# and WAIT# Output Valid Delay
| 960111 | 3 | 16 | PCLKtoD(31:0) Output Valid Delay
i960:t0F 3 22 PCLK to ALL SIGNALS Output Float Delay
tb&s o 76 : CLK to Output Valid (Synchronous)
t501d 8 CLK to Output Valid (Delayed)
tCO1a 12 CLK to Output Valid (Asynchronous)
. tPD 10 Input or /0 to Output Valid
/_tAC 15 Column Address Access Time
7 tGAX 0 5 Output Enable to Output Drive Time
tGQz 5 Output Turn Off Delay From Output Disabled
tRAC N 35 Row Enabler Access Time, On a Cache Miss

Ramtron International Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in a Ramtron product,

nor does it convey or imply any license under patent or other rights.
© Copyright 1993 Ramtron International Corporation.
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Summary

Ramtron’s EDRAM is the ideal memory for high performance PC
systems.
W No Wait States During Burst Read Hit and Write Cycles
® Only One Wait State During a Burst Read Miss Cycle
| Single Chip FPGA-based Controller Solution

Introduction

The Intel 4806DX2 microprocessor is the most popular
microprocessor for high performance personal computer
applications. The 480DX2 has 32-bit integer and floating point units, a
paged virtual memory management unit (MMU), and an 8Kbyte cache
for instructions and data. The 486DX2 operates the external bus at a
1X clock rate and clock doubles the on-chip clock to operate the CPU
at a 2X clock rate. 480DX2 processors are available in 50 or G6MHz
versions. The external bus interface has separate 32-bit address and
data busses and supports synchronous one to four word burst read
transfers and single word write transfers. Ready and burst ready
signals allow the external memory controller to insert wait states as
necessary to meet the memory subsystems timing requirements.

Ramtron’s enhanced DRAM (EDRAM) memory is the ideal main
memory component to support the 486DX2 processors. Its fast 15ns
read access time allows all read cycles which hit the on-chip cache to
be performed in zero wait states without an external cache or

EDRAM Controller For Intel 496DX2
50MHz & 66MHz Microprocessors

Application Note

interleaving. When a read request misses the EDRAM's on-chip SRAM
cache, the EDRAM can load a new page into cache in just 35ns (a single
wait state at 25 or 33MHz bus rates). Write cycles are posted in zero
wait states. This high level of performance is achieved with a single
non-interleaved memory consisting of as few as eight 1M x 4 components
or a single 72-pin 4Mbyte EDRAM SIMM module. Standard DRAM
requires the insertion of numerous wait states due to its three times
slower page cycle time and two times slower random access cycle time.
The EDRAM even has fewer wait states than a much more complex
secondary cache plus DRAM memory subsystem as shown in figure 1.

Figure 1. Bus Cycle Comparison at 33MHz Bus Speed

Transaction EDRAM DRAM Cache + DRAM
Burst Read Hit 211 1 5:2:2:2 2:1:1:1
Burst Read Miss 3:1:11 5:2:2:2 5:2:2:2
Write Hit 2 4 2

"WWrite Miss 2 4 4

Four to sixteen megabytes of Ramtron EDRAM main memory can
be interfaced to a 486DX2 microprocessor and standard ISA/VL bus
adapter chip such as the Opti 495SLC using a single high
performance FPGA chip (such as the Intel iFX780 shown in figure 2)

I Figure 2. 486DX2-66 System Block Diagram
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T —
Y v
< Reset
Ao BEfgy -~ A
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|« RDY# BRDY#
e v T vy #v Opti
nte
486DX2 ADS# o OptiADS# | | hOSLE g SDoss o
Processor KEN# OptiKEN# Adapter r
EDRAM - ouT,
Memory <
Corlmoller < HLDA,
ntel M # M
X780 | MEMRE. MEMWS
LDEV#
A
i Dg-15 v
4—E1§F'§AAbh)lllte < D16t > Data Bus
Main Memory Buffer
A
v B Do.31 \4
31;93 C 1850 Ramtron Drive, Colorado Springs, CO 80921 B

Telephone (800) 545-DRAM, (719) 481-7000; Fax (719) 488-9095 R1111293



Such a design will support both 50 and 66MHz processor clock
rates using a common motherboard design by simply inserting the
appropriate processor and EDRAM SIMM modules. This
application note will describe the design of a 50 or 60MHz 480DX2
single chip EDRAM controller. A future application note will
discuss a two-way interleave controller design for the 40 and
50MHz 486DX processors from Intel, AMD, and Cyrix.

EDRAM Controller Design

The objective of this single chip controller design is to support
all 486DX2 memory transactions with minimum memory wait
states using a simple single phase clock design. The controller is
designed to support up to four 4Mbyte EDRAM SIMM modules
(DM1M32) or two 8Mbyte EDRAM SIMM modules (DM2M32)
without external buffer components. The controller is also
designed to support ISA bus master, DMA, and VL bus master
cycles.

The 486 supports the following memory transactions:

m One to Four 32-bit Long Word Reads
m Single Byte/Word/Long Word Write

In order to support these bus operations, the EDRAM
controller must interface with the following processor control and
address signals:

W A, 5, — Address Bus

W BE#, ; — Byte Enables

W M/10# — Memory/1/0 Mode Signal

B W/R# — Write/Read Mode Signal

W ADS# — Address Strobe Signal

B BLAST# — Burst Last Signal

B RDY# — Non-burst Ready Acknowledge Signal
® BRDY# — Burst Ready Acknowledge Signal

B KEN# — Cache Enable Signal

The controller must interface with the following Opti 495SLC
chip signals:

B OptiADS# — Opti Address Strobe Input
B OptiKEN# — Opti Cache Enable Output
B Reset# — Opti Reset Output

B LDEV# — Opti VL Bus Local Device Input
m HLDA, — Opti Hold Acknowledge Output
B MEMR# — ISA Bus Memory Read Signal
W MEMW# — ISA Bus Memory Read Signal
W OUT1 — Opti Refresh Clock

The controller generates the following signals to the EDRAM
SIMM modules:

W MAL,., — Multiplex Address, Bank 0-1

B MAH,, , — Multiplex Address, Bank 2-3

W MALA;, — Bank 0, MA;,

M MALB,, — Bank 1, MA;,

W MAHA,, — Bank 2, MA,,

W MAHB,, — Bank 3, MA,,

B /REo-3 — Row Enables for Bank 0-3

B /CAL0-3 — Column Address Latch Inputs for Bytes 0-3
| W/R,., — Write/Read Mode Input for Low/High Banks
B /F,  — Refresh Mode Input for Low/High Banks

W /S,.; — Chip Selects for Bank 0-3

W /G,.; — Output Enable for Low/High Banks

B /WE,, — Write Enable for Low/High Banks

EDRAM Controller Functional Description

This section describes the EDRAM controller internal block
diagram shown in figure 3.

The Refresh Logic receives the OUT| signal from the ISA
logic. This signal is a 15psec refresh clock generated by the

Figure 3. EDRAM Controller Block Diagram

ADS#, W/R#,
BLAST#, BE#y.3.

HLDA;, MEMR#, As1,
Agoz ouTy MEMW#, Reset M/I10# CLK
‘L A jV l )
| Last Row Read Refresh Address
(LRR) Register Logic Decoder
Burst Address
Generator
A
Hit/Miss i -
— Comparator
A2 | A | Y v
Address State Machine -«
Multiplexer

i

MALg1o  MAHg.1q

EDRAM Processor Opti 495SLC
Control Control Control
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82€200 timer. On the rising edge of the 15psec clock,
a refresh request is generated to the state machine.
This signal will trigger an immediate refresh on the
next available bus cycle.

The Last Row Read (LRR) Register is a 13-
bit register which holds the 11-bit row address and 2-
bit bank address of the last EDRAM read event.

Figure 4. 486DX2 State Machine

' Reset Sequence

v ‘ No Event
Y . (Bus or Refresh)

The Hit/Miss Comparator compares the new
row and bank address with the LRR register on each
read event. The state machine uses the hit/miss status
to determine the EDRAM control sequence.

The Address Multiplexer selects either the
row address, column address, or burst address to the ¢
EDRAM multiplex address inputs under the control of
the state machine. Note that two independent
multiplex address output busses are used for MAq to
limit the capacitance driven by the FPGA. In the case
of MA, individual output pins are used for each
bank of memory due to the high input capacitance of
this address line. The use of multiple outputs limits
the clock to output delay to 8ns to achieve the system
performance goal.

The Burst Address Generator increments the
lower two multiplexed address bits (MA,_;) using the
Intel interleave sequence used during 486 cache fill
cycles. The upper bits (MA, ¢) are identical to the
column address.

The Address Decoder decodes the address bits
(A} 23, A31) and the M/10# mode bit to determine if a
valid memory address is present. The EDRAM
memory is enabled for memory transactions in the
lower 16Mbyte address range with the exception of
the high memory region (640K-1M).

The State Machine implements the EDRAM
control sequences. During reset the following
sequence is run:

B Reset Sequence — When the Reset input is high,
the processor is in its reset state. The EDRAM
controller initializes the controller logic and then
enables refresh cycles. Processor or DMA cycles
are disabled while Reset is high. The controller will
perform the required eight /F refresh cycles while y

Write

Reiresh—

F1

¢ Read

ra
F2 +

Not

Read Y
Hit >

-

Burst

Y Endof

< Burst

End of . R3 3

Burst
Burst

Y Endof

! R4 ‘Burst

"Burst

RS

Reset is high. The required two read miss cycles
per bank EDRAM initialization should be

implemented in the software startup routine in the
BIOS ROM. When Reset is released, the controller enters its idle
state waiting for memory events.

The detailed state diagram for the EDRAM memory sequences
is shown in figure 4. A memory sequence is initiated when ADS#
and a valid address are present (processor or VL bus master
cycles), HLDA, and a valid address are present (ISA master or
DMA cycles), or an urgent refresh request is pending. The W/R#,
MEMR#, MEMW#, and hit/miss comparator status determine the
final sequence for bus events:
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B Read Hit Sequence — When a read hit is detected, the state
machine will perform a single 32-bit read from the EDRAM
cache. The read is executed by applying the column address
(MAL, 4, MAH, ), output enable (/G,_,), and the appropriate
chip select (/8 ;) to the EDRAM, and the BRDY# acknowledge
to the processor during R2. All control signals are available ty,,
after the rising edge of the processor clock. The 495SLC is
inhibited by driving LDEV# and disabling OptiADS# during
EDRAM cycles.




W Burst Read Hit Sequence — 1f the BLAST# is still high at the
end of the first word transfer, the machine will continue from
state R2 to the burst read sequence R3 through R5. During each
state a new burst address is output to the EDRAM at ty,,, after
the clock. Output enable, chip select, and the BRDY#
acknowledge remain valid. The burst sequence is terminated on
the first cycle where BLAST# is low.

W Read Miss Sequence — When a read miss is detected, the state
machine will perform an /RE active 32-bit read from the
EDRAM. During R1, the row address (MAL,_ o, MAH, (), read
mode (W/R low), and chip select (/S ;) are presented to the
EDRAM. The /RE signal for the selected EDRAM bank is clocked
toora after R1 to initiate 2 DRAM row access. This access will
transfer the new row to SRAM cache. During R2, the column
address and output enable are output to read the cache location,
and the BRDY# acknowledge is generated to the processor to
acknowledge the access. The 495SLC is inhibited by driving
LDEV# and disabling OptiADS# during EDRAM cycles.

W Burst Read Miss Sequence — 1f the BLAST# is still high at the
end of the first word transfer, the machine will continue from
state R2 to the burst read sequence R3 through R5. During each
state a new burst address is output to the EDRAM at .y, after
the clock. Output enable, chip select, and the BRDY#
acknowledge remain valid. The burst sequence is terminated on
the first cycle where BLAST# is low.

W Write Sequence — An /RE active single write cycle is
performed. The bytes written are determined by the BE#, 5
input. The state machine activates the appropriate /CAL,
outputs to enable the correct bytes of memory. The state
machine selects the row address (MAL,_;,, MAH,_;,), write
mode (W/R high), and appropriate chip select (/S,, ;) signals to
the EDRAM, and the RDY# acknowledges to the processor
during W1. /RE is enabled t, after the beginning of W1. The
column address is output and /WE is enabled to latch data
during W2. The /CAL outputs for the selected bytes are enabled
at t,, after W2 to initiate the write cycle. The write is
terminated at the end of W2 by bringing /CAL, /WE, and /RE
high.

W Refresh — If a refresh is pending during I1, the state machine
will perform an internal refresh on the next cycle by jumping to

F1. Refresh mode (/F) is enabled during F1. /RE is enabled t,,
after F1 to perform the refresh cycle. The next bus event is
pipelined during F2. If the next event is a read hit, the state
machine jumps directly to R2 to perform the cache read while
the DRAM precharge time is met. If the next event requires
another DRAM cycle, the state machine jumps to 11 to allow a
single wait state while the precharge time is met.

Note that the EDRAM control interface is partitioned to make
sure that the output capacitance does not cause the clock to output
time on any signal to exceeded 8ns. As a result, heavily loaded
signals such a W/R, /F, /WE, /G are split into two pins which drive
either the low or high two banks of memory. On the other hand,
the /CAL, ; signals are lightly loaded and a single pin drives all four
banks of memory.

The attached burst read hit, burst read miss, and write timing
sequences demonstrate the timing of the EDRAM controller in a
66MHz 486DX2 system environment with the 15ns version of the
EDRAM. The same design will work at 50MHz using the lower cost
20ns version of the EDRAM. The worst case timing analysis is
performed using Chronology's Timing Designer™ software with
EDRAM timing parameters entered from the databook. EDRAM
controller parameters are from the Intel 132-pin iFX780 FPGA
datasheet. The Intel FPGA was selected because of its fast clock to
output delay (6ns into 30 pf), fast setup time (6.5ns), and its fast
address comparator feature which match EDRAM control
requirements. Other FPGA or PAL devices with similar performance
should also be useful to perform an EDRAM controller design. In
high volume applications, this controller design should be
convertible into a low cost CMOS gate array device with recurring
cost of less than five dollars.

Conclusion

A single chip EDRAM controller can be implemented using a
high performance FPGA such as the Intel iFX780. This controller
supports up to 16Mbytes of EDRAM without additional buffer
components. Ramtron’s EDRAM improves 480DX2 system
performance by significantly reducing the number of wait states
over a standard DRAM or secondary SRAM cache plus DRAM.
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Four Word Burst Read Hit Timing
ns
P

STATE 1] X ﬁ X R3 X R4 X RS X I!

[
-
o
(=3
2
=
o
o
2

Parameter Table
Name Min Max ] - Comment )
i486.t6 3 14 A(31:2), PWT, PCD, BE#(3:0), M/10#, D/C#, W/R#, ADS#, LOCK#, FERR#, BRGE#, HLDA Valid Delay
idsetea | 3 14 | BLAST# PLOCK# Valid Delay B
MBS0 | 3 | 14 | D(31:0), DP(3:0) Write Data Valid Delay
i486:t11 | D(31:0), DP(3:0) Write Data Flio-zri?li)‘elay 7
TC(;E 6 i CLK to Output Valid (Synchronous)
kﬁw e 12 CLK to Output Valid (Asynchronous)
TC(ESV e 16 CLK tordutput Vaiid Fed Through Combinational Macrocell (Synchronous)
tC02a 22 CLK to Output Valid Fed Through Combinational Macrocell (Asynchronous)
t_PD 10 Input or I/0 to Output Valid
_EAC o 15 Column Address Access Time
tAQX 5 Column Address Valid to Output Turn On
tGQAX 0 5 Output Enable to Output Drive Time
1GQzZ 0 5 Output Turn Off Delay From Output Disabled
tRAC 35 Row Enable Access Time, On a Cache Miss
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Four Word Burst Read Miss Timing

P

RDY#
: |CO2s+
BROY# i \
2P0}~ :
KEN# R RRR58 RN
BLAST#
. —16Qz
ol . (2
. —tCO1s 1CO)s
MA(10:0] g X Row
: tCOta
/RE : L
: —{tCO1s : —+{tCOJs
WR 1\ :
: : Hlicos I ltcojs
; —2"PD}+

Ismu 100ns rsom
(I T T e T e

Parameter Table

Name Min Max - , Comment

i486.t6 3 14 A(31:2), PWT, PCD, BE#(3:0), M/10#, D/C#, W/R#, ADS#, LOCK#, FERR#, BRGE#, HLDA Valid Delay
i486:t8a 3 14 BLAST#, PLOCK# Valid Delay -

i486:110 3 14 D(31:0), DP(3:0) Write Data ValidﬁDreieriy o

i486:111 20 D(31:0), DP(3:0) Write Data Float Delay

tCO1s 6 CLK to Output Valid (Synchronous) -

tCO1a 12 CLK to Qutput Valid (Asynchronous) N |
tC02s 16 CLKto Outb‘ﬁtw\rl;nd Fed Through Combinétion; Macrocell (Synchronous) ‘__‘
tC02a 22 CLK to Output Valid Fed Thro‘uiQB Cc;gwaa"rional Macroﬁell (Asynchronous)

tPD 10 Tput orl/Oto Ouiput Valid

tAC 15 Column Address Access Time - |
tAQX 5 Column Addres;Vali;i}ouau;put TurrnVOn R

tGQAX 0 5 Output Eﬁéagto—(iutpu{brive Time N o

tGQz 0 5 Qutput Turn Off Delay From Output DisabTed 777777 -

tRAC 35 Row Enable AccessiTii;rrle, OnaCa;heiNihiss 7 R
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One Word Write Timing

ne ns Ons 5ns 00ns 125ns
P....Fn.n.f.,..F|a..r.|¢.'|
STATE i} X wi X w2 X ] X
A314) | H
; —co2s— co2s—H
ROY# | A\ [_(
—uasml——a(
D319 : Data )
, —icots —jtcots
MA[109] X "_Row X Cd X
Lcota—| (—COta—+{
/RE : \_ /T
L—{icots : : L—+{tCO1s
W/R / : ;
ICAL30)
IWE :
5 ;
Parameter Table
Name Min Max - Comment
i486.t6 3 14 A(31:2), PWT, PCD, BE#(3:0), M/I0#, D/C#, W/R#, ADS#, LOCK#, FERR# BRGE# HLDA Valid Delay
i486:t8a 3 14 BLAST#, PLOCK# Valid Delay
i486:110 3 14 D(31:0), DP(3:0) Write Data Valid Delay
i486:t11 20 D(31:0), DP(3:0) Write Data Float Delay
tCO1s 6 CLK to Output Valid (Synchronous)
tCO1a 12 CLK to Output Valid (Asynchronous)
tC02s 16 CLK to Output Valid Fed Through Combinational Macrocell (Synchronous)
tC02a 22 CLK to Output Valid Fed Through Combinational Macrocell (Asynchronous)
tPD 10 Input or I/0 to Output Valid
tAC 15 Column Address Access Time
tAQX 5 Column Address Valid to Output Turn On
1GQAX 0 5 Qutput Enable to Qutput Drive Time
tGQzZ 0 5 Output Turn Off Delay From Output Disabled
tRAC 35 Row Enable Access Time, On a Cache Miss

Ramtron International Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in a Ramtron product,
nor does it convey or imply any license under patent or other rights.
© Copyright 1993 Ramtron International Corporation.
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Summary

Ramtron’s EDRAM is the ideal memory for high performance
08040 systems.

W No Wait States During Burst Read Hit and Write Cycles
& Only One Wait State During Burst Read Miss Cycles
m Single Chip FPGA-based Controller Solution

Introduction

The Motorola 68040 is one of the most popular microprocessors
for embedded control and computer applications. The 68040 has 32-
bit integer (IU) and floating point (FPU) units, instruction and data
memory management units (MMU), and 4Kbyte instruction and data
caches. The CPU operates from a 2X clock input (PCLK), and the
external bus operates from a 1X clock (BCLK). The 68040 is available
in 25, 33, and 40MHz versions. Its external bus interface has separate
32-bit address and data busses and supports synchronous single and
four-word read/write transfers. A transfer acknowledge signal allows
the external memory controller to insert wait states as necessary to
meet the memory timing requirements.

Ramtron’s enhanced DRAM (EDRAM) memory is the ideal main
memory component to support the 68040 when operating at 25 or
33MHz clock rates. Its fast 15ns page read and write cycle times
allow both single and four-word burst read and write transactions iv
be performed in zero wait states. When a read request misses the
EDRAM’s on-chip SRAM cache, the EDRAM can load  new page into

EDRAM Controller For Motorola 68040
25MHz & 33MHz Microprocessors

App//'caf/'on Note

cache in just 35ns (a single wait state at 25 or 33MHz). This high
level of performance is achieved with a single non-interleaved
memory consisting of as few as eight IM x 4 components or a single
72-pin 4Mbyte EDRAM SIMM module. Standard DRAM requires the
insertion of numerous wait states due to its three times slower page
mode cycle time and two times slower random access cycle time. The
EDRAM even has fewer wait states than a much more complex
secondary cache plus DRAM memory subsystem, as shown in figure
1.

Figure 1. Bus Cycle Comparison at 33MHz Bus Speed

Transaction EDRAM DRAM Cache + DRAM
Burst Read Hit 2:1:1:1 3:2:2:2 2:1:1:1
Burst Read Miss 3:1:1:?77 7:2:22 3:2:2:2/7:2:2:2*
Burst Write Hit 2:1:1:1 3:2:22 2:1:1:1
Burst Write Miss 2111 6:2:2:2 3:2:2:2/6:2:2:2*

*DRAM Page HivMiss Cycles

Ramtron’s EDRAM can be interfaced to a 68040 microprocessor
using a single high performance FPGA chip (such as the Intel iFX780
shown in figure 2) and a PLL clock doubler chip. This application
iwvie wili describe ihe design of a 25 or 33MHz 68040 single chip
EDRAM controller. A future application note will discuss a controller
design for the 40MHz version of the 68040.

Figure 2. 68040 System Block Diagram

PLL Clock
Generator
<PST
Jou
TS#, TTg.4. TMg.o, RW, SIZg., i
TA# TCI# \ o
Motorola AR
68040 Syls}g:m
Processor
EDRAM
Memory
Controller
(iFX780-10)
I L
4-16Mbyte
EDRAM
Main Memory

,

Do-31

© 1994 Ramtron International Corporation, 1850 Ramtron Drive, Colorado Springs, CO 80921
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EDRAM Controller Design

The objective of this single chip controller design is to support
all 68040 memory transactions with minimum memory wait states
while driving either four 4Mbyte EDRAM SIMM modules
(DM1M32) or two 8Mbyte EDRAM SIMM modules (DM2M32).

The 68040 supports the following memory transactions for
user and supervisor data spaces:

m Single Byte/Word/Long Word Read
| Single Byte/Word/Long Word Write
M Four Long Word Burst Read
B Four Long Word Burst Write

In order to support these bus operations, the EDRAM
controller must interface with the following control and address
signals:

B A, ;; — Address Bus

W TT,,., — Transfer Type

| TM,,, — Transfer Mode

W 817, | — Transfer Size

B R/W — Read/Write

W /TS — Transfer Start

W /TA — Transfer Acknowledge
B /TCl — Transfer Cache Inhibit
M /RST] — Reset In

M BCLK — Bus Clock (1X)

The controller generates the following signals to the EDRAM
SIMM modules:

W MAL,, — Multiplexed Address, Bank 0-1

® MAH,, , — Multiplexed Address, Bank 2-3

W MALA,, — Bank 0 A10

W MALB,, — Bank 1 A10

B MAHA, — Bank 2 A10

m MAHB,, — Bank 3 A10

W /RE_; — Row Enables for Bank 0-3

W /CAL,_; — Column Address Latch Inputs for Bytes 0-3
W W/R,., — Write/Read Mode Input for Low/High Banks
W /F,.; — Refresh Mode Input for Low/High Banks

| /S,,.; — Chip Selects for Bank 0-3

® /G,.; — Output Enable for Low/High Banks

W /WE, , — Write Enable for Low/High Banks

The EDRAM controller internal block diagram is shown in
figure 3.

EDRAM Controller Functional Description

The Refresh Counter divides the BCLK input down to
generate a 02psec refresh clock. This signal is used to trigger
refresh cycles at a rate sufficient to refresh all rows every 64ms.
The refresh request will trigger a refresh cycle on the next available
bus cycle.

The Last Row Read (LRR) Register is a 13-bit register
which holds the 11-bit row address and 2-bit bank address of the
last EDRAM read event.

The Hit/Miss Comparator compares the new row and bank
address with the LRR register on each read event. The state
machine uses the hit/miss status to determine the EDRAM control

Figure 3. EDRAM Controller Block Diagram

Az-23
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The Address Multiplexer selects cither the row

address, column address, or burst address to the Figure 4. 68040 State Machine

EDRAM multiplex address inputs under the control of

the state machine.

The Burst Address Generator increments the
lower two multiplexed address bits (MA,_,) using the
mod-4 linear wrap sequence used during 68040 cache
fill cycles. The upper bits (MA, ) are identical to the
column address.

The Address Decoder decodes the upper
address bits (A, ;) and the transfer mode bits (TM,_,)
to determine if a valid memory address is present.
EDRAM memory is enabled for the lower 16-Mbyte
address range of the user and supervisor memory
segments.

The State Machine implements the EDRAM
control sequence. During reset the following sequence
is run:

W Reset Sequence — When the /RSTI input is low, the
processor is in its reset state. The EDRAM controller
initializes the controller logic and then enables
refresh cycles. The controller will perform at least
cight /F refresh cycles while /RSTI is low to initialize
the EDRAM. When /RSTl is released, the controller
enters its idle state waiting for memory events. At
least two read miss cycles should be performed to
each bank of EDRAM by the system startup software
in bootstrap ROM to complete EDRAM initialization.

The detailed state diagram for the EDRAM memory
sequences is shown in figure 4. A memorv sequence is
initiated when a transfer strobe and valid address are
present or a refresh refresh request is pending. The
transfer type and hit/miss comparator status determine
the final sequence for bus events:

W Read Hit Sequence — When a read hit is detected,
the state machine will perform a single long word
read from the EDRAM cache. The read is executed
by applying the column address (MAL, 4, MAH,) ),
output enable (/G,_;), and chip select (/S,.;) to the
EDRAM and the transfer acknowledge (/TA) to the
processor at te,, of R3.

W Burst Read Hit Sequence — If the transfer mode
specifies a four long word burst, the state machine

Reset
: x | No Event
Yy | (Bus or Refresh)
11-2
Write
Refresh Read
Miss
fwi [ R RI
$ ¢ Read ¢
Hit
fwe [ F2 R2 |
\ —
W3 F3 R3
Read
¢ ¢ Hit ¢
w4 F4 [ R4
Burst Mode : Burst Mode
| Not Read !
| Hit i
\J \4
Not Burst ) Not Burst y
Mode WS Mode RS
\J Y
W6 | R6 !
- .
Y \
wr CR7
\ v
w8 R8
Y Y
w9 " R9
Y Y
W10 R10 |
Y \J \ v v

will continue from state R4 to the burst read
sequence R5 through R10. During each pair of states (i.e., RS,
RO, etc.), a new burst address is output to the EDRAM at ty),..

W Burst Read Miss Sequence — If the transfer mode specifies a

The output enable, chip select, and transfer acknowledge remain

valid.

B Read Miss Sequence — When a read miss is detected, the state
machine will perform an /RE active long word read from the
EDRAM. During R1, the row address (MAL,_,,, MAH,_,,), read
mode (W/R low), and chip select (/8,, ;) are presented to the
EDRAM at t.,,. The /RE signal to the selected EDRAM bank is
clocked to initiate 2 DRAM row access at tyy,,. This access will
transfer the new row to SRAM cache. During R3, the column
address and output enable are output to read the cache location
and /TA acknowledges the access at ty.

2-99

four long word burst, the state machine will continue from state
R4 to the burst read sequence R5 through R10. During each pair
of states (i.e., RS, RO, etc.), a new burst address is output to the
EDRAM at ty),,. The output enable, chip select, and transfer
acknowledge remain valid.

W Write Sequence — A single write cycle is performed. The size of

the write (byte, word, long word) is decoded from the two lower
address bits (A,,)) and the SIZ,_, inputs. The state machine
activates the appropriate /CAL ; outputs to write the correct
bytes of memory. The state machine selects the row address
(MAL, o, MAH,, 1)), write mode (W/R high), and appropriate
chip select (/S ;) signals to the EDRAM at ty,,, of W1. The



transfer acknowledge is enabled during W1 to signify a zero-
wait-state write. /RE is enabled at tcg,,. The column address is
selected at .y, during W2. The /CAL outputs for the selected
bytes and the /WE output are enabled to initiate the write cycle at
too1a Of W2. The write is terminated during W3 by bringing /CAL
and /WE high at t,,. The /RE is brought high at t,,, of W4 to
complete the write cycle.

W Burst Write Sequence — If the transfer mode indicates a four
long word burst, the state machine continues on from W4 to the
burst write sequence, W5 through W10. In this case, /RE
remains active to allow page mode burst writes. On each burst
pair (i.e., W5, W0, etc.), a new column address is enabled to the
EDRAM, and /CAL and /WE are clocked to write the next word.
The /TA remains valid to acknowledge a write on each burst
cycle.

W Refresh — If a refresh request is pending during 12, the state
machine will perform an internal refresh on the next cycle by
jumping to F1. Refresh mode (/F) is enabled during F1. /RE is
enabled at ty,,, of F1 to perform the internal refresh cycle. The
cycle is terminated at t,, of F3. The next bus event is pipelined
during F3 and F4. If the next event is a read hit, the state machine
jumps directly to R3 to perform the cache read while the DRAM
precharge time is met. If the next event requires another DRAM
cycle, the state machine jumps to 11 to allow a single wait state
while the precharge time is met.

The attached burst read hit, burst read miss, and burst write
timing sequences demonstrate the timing of the EDRAM controller
in a 33MHz 68040 system environment with the 15ns version of the
EDRAM. The same design will work at 25MHz using the lower cost
20ns version of the EDRAM. The worst case timing analysis is
performed using Chronology’s Timing Designer software with
EDRAM timing parameter entered from the databook. EDRAM
controller parameters are from the Intel 132-pin iFX780 FPGA
datasheet. This FPGA was selected because of its fast clock to
output delay (6ns into 30pf), fast setup time (6.5ns), and its fast
address comparator feature which match EDRAM control
requirements. Other FPGA or PAL devices with similar performance
should also be useful to perform an EDRAM controller design. In
high volume applications, this controller design should be
convertible into a low cost CMOS gate array device with a recurring
cost of less than five dollars. A single chip phase lock loop (PLL)
clock doubler is used to provide 2X clocking for the 68040 PCLK
and EDRAM controller synchronized by the 68040 BCLK.

Conclusions

A single chip EDRAM controller can be implemented using a
high performance FPGA such as the Intel iFX780. This controller
supports up to 16Mbytes of EDRAM without additional buffer
components. Ramtron’s EDRAM improves 68040 system
performance by significantly reducing the number of wait states
over a standard DRAM or secondary SRAM cache plus DRAM.
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Burst Read Hit

A109) |

¥

WR [

1COts : —11C01s

Parameter Table
Name Min Max Comment
M68040:11 6.50 18 BCLK to Address, CIOUT#, LOCK#, LOCKE#, R/W#, SIZx, TLN, TMx, TTx, UPAx Valid
M68040:12 | 6.50 BCLK to Output Invalid
M68040:13 | 6.50 18 BCLK to TS# Valid
| M68040:18 | 650 | 20 | BCLKto Data Out Valid )
tCO1s 6 CLK to Output Valid (Synchronous)
tCO1d 8 CLK to Output Valid (Delayed)
" tCota 12| CLKto Output Valid (Asynchronous)
N 10 | Inputor 1/0 to Output Valid
tAC B 15 Column Address Access Time
tAQX 5 Column Address Valid to Output Invalid
tGQX 0 5 Output Enable to Output Drive Time
tGQZ 0 5 Output Turn-off Delay From Output Disabled
tRAC 35 Row Enable Access Time, On a Cache Miss
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Burst Read Miss

Ia" | | | | I”“ | | | | I’m | | | I o | | | | F‘”’u I
Swe [H X2 X_Ri
KT\ N\ T\

: —e{ tcq1s
uA100] | Aow
: HCO1as
ME : \ /
Lo icots
WR ]
L 1CO1s : ‘ o cots
6 N\ : VA
5

. Lippof

Parameter Table
Name Min Max - Comment
M68040:11 | 6.50 18 BCLK to Address, CIOUT#, LOCK#, LOCKE#, R/W#, SIZx, TLN, TMx, TTx, UPAx Valid
M68040:12 | 6.50 BCLK to Output Invalid
M68040:13 | 6.50 18 BCLK to TS# Valid
M68040:18 | 6.50 20 BCLK to Data Out Valid
tCO1s 6 CLK to Output Valid (Synchronous) - -
tCO1d 8 CLK to Qutput Valid (Delayed)
tCO1a 12 CLK to Qutput Valid (Asynchronous)
tPD 10 | Input or /0 to Output Valid B ]
tAC 15 Column Address Access Time
tAQX Column Address Valid to Output Invalid o -
tGAX 5 Output Enable to Output Drive Time
tGQZ 0 5 Output Turn-off Delay From Output Disabled -
tRAC 35 Row Enable Access Time, On a Cache Miss

2-102




Burst Write

Bak I\ / \ s \ / \ / \ /
XN\ _ /NN N\

—M68040:13+{ | M6804p:12
L/

. ——-{ cou; hed /'92'1
: Lo icots |—+{icO1s |—{1001s |—ojiCO1s |—ol1cO1s || iCOts |—olicO1s F—sldc01s
1AL | / \_| / \ /. \ Y/
L—ico1s L—s{1cO1s L—{1CO1s L—{1CO1s L—9{1CO1s L—9]tCO15s L—]1CO1s L—o{ (CO1s
WE \ / \l / \ / \ S
' . —tPD—|
5. /
Parameter Table
~ Name Min Max B Comment
M68040:11 6.50 18 BCLK to Address, CIOUT#, LOCK#, LOCKE#. R/W#, SIZx. TLN, TMx. TTx, UPAx Valid
| M68040:12 | 6.50 | BCLK to Output Invalid
| M68040:13 | 6.50 18 BCLK to TS# Valid
7M68040:1 8 6.50 20 BCLK to Data Out Valid
tCO1s 6 | CLKto Output Valid (Synchronous)
tCO1d 8 | CLKto Output Valid (Delayed)
| tCO1a 12 CLK to Output Valid (Asynchronous)
I 10 | Input or 1/0 to Output Valid
tAC ) 15 Column Address Access Time
| tAQX 5 Column Address Valid to Output Invalid
tGQAX 0 5 Qutput Enable to Qutput Drive Time
Gz~ | 0 | 5 _ Output Turn-off Defay From Output Disabled
tRAC 35 Row Enable Access Time, On a Cache Miss

Ramtron International Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in a Ramtron product, nor
does it convey or imply any license under patent or other rights. © Copyright 1994 Ramtron International Corporation.
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Summary

Ramtron’s enhanced DRAM (EDRAM) is the ideal memory for
high performance R3051 embedded control applications.

B No Wait States During Burst Read Hit or Write Cycles
B Only One Wait State During Burst Read Miss Cycles
W Single Chip FPGA-Based Controller Solution

Introduction

The IDT R3051 family of 32-bit RISC microprocessors is popular
for high performance embedded control applications. The family
includes the following members:

B R3041 — IKbyte Instruction, 512Byte Data Cache
B R3051 — 4Kbyte Instruction, 2Kbyte Data Cache
B R3052 — 8Kbyte Instruction, 2Kbyte Data Cache
B R3081 — 10Kbyte Instruction, 4Kbyte Data Cache, Floating Point
Coprocessor
These processors use a compatible 32-bit multiplexed bus which
supports single or four-word reads and single word writes. The
processor clock rate options include 16, 20, 25, 33, and 40MHz.
Ramtron’s EDRAM memory is the ideal main memory component
Lo support the R3051 processors at 25 and 33MHz clock rates. Its fast
I5ns read access time allows all read cycles which hit the on-chip
cache to be performed in zere wait
cache or interleaving. When a read request misses the EDRAM’s on-

stat

states without the need for external

EDRAM Controller For 25MHz & 33MHz
IDT R3051 Microprocessors

Application Note

chip SRAM cache, the EDRAM can load a new page into cache in just
35ns (a single wait state at 25 or 33MIIz bus rates). Write cycles are
performed in zero wait states. This high level of performance is
achieved with a single non-interleaved memory bank consisting of as few
as eight 1M x 4 components or a single 72-pin 4Mbyte EDRAM SIMM
module. Standard DRAM memory requires the insertion of numerous
wait states due to its three times slower page cycle time and two times
slower random access cycle time. The EDRAM even has fewer wait
states than a more complex interleaved DRAM memory subsystem as
shown in figure 1.

Figure 1. Bus Cycle Comparison at 33MHz Bus Speed

Transaction EDRAM DRAM Interleave DRAM
Burst Read Hitw 7 2111 N 4:2:2:2 4:1:11
Burst Read Miss 3111 4:2:2:2 4:1:11
Write 2 3 3

A single 132-pin Intel iFX780-10 FPGA can interface 4-16Mbytes
of Ramtron EDRAM main memory to 2 R3051 processor as shown in
figure 2. This design will support either 25 or 33MHz processor clock
rates by simply selecting the processor clock rate and plugging in the
correct speed EDRAM SIMM moduies (15ns or 20ns version). The
design will also work with 16 or 20MHz versions of the R3041. This

2

Figure 2. IDT R3051 System Block Diagram
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application note will describe the design of this 25 or 33MHz single
chip EDRAM controller. A future application note will describe the
design of a controller for the 40MHz versions of the R3051 family.

EDRAM Controller Design

The objective of this single chip FPGA controller design is to
support all R3051 memory transactions with minimum memory
wait states using a simple single phase clock design. The controller

is designed to support up to four 4Mbyte EDRAM SIMM modules

(DM1M32) or two 8Mbyte EDRAM SIMM modules (DM2M32)
without external buffer components.
The R3051 supports the following memory transactions:

m Single 32-bit Reads
® Four 32-bit Reads
m Single Byte, Word, and Long Word Writes

In order to support these bus operations, the EDRAM
controller must interface with the following processor control and
address signals:

W AD,, ;; — Address/Data Bus

W A, ; — Low Address

B ALE — Address Latch Enable

B RD# — Read Enable

B WR# — Write Enable

W Burst#/WrNEAR — Burst Enable/Write Page Flag
B RdCEn# — Read Buffer Clock Enable

M Ack# — Acknowledge

W Reset#— Processor Reset

m SysClk# — System Clock Output

The controller generates the following signals to control the
EDRAM SIMM modules:

B MAL, , — Multiplex Address, Bank 0-1

W MAH,,., — Multiplex Address, Bank 2-3

W MALA;, — Bank 0, A,

W MALB,, — Bank 1, A

B MAHA,, — Bank 2, A,

W MAHB,, — Bank 3, A,

B /RE,,_; — Row Enables for Bank 0-3

B /CALj_; — Column Address Latch Inputs for Bytes 0-3
m /F,., — Refresh Mode Input for Low/High Banks

- \W/m Write/Read Mode Innut for Low/Hioh Banks

- W/ ) l_ wiE/ neal oG IHpUL 107 LOW/IEEN D

n/S); cts for Bank 0-3
u/WE,, — Wrile Enal)lc for Low/High Banks

The EDRAM /G output enable signals are tied directly to the
processor DataEn# output.

EDRAM Controller Functional Description

This section describes the EDRAM controller internal block
diagram shown in figure 3.

The Refresh Counter divides the SysClk# signal to generate
a 62psec refresh clock for the EDRAM. The refresh request will
trigger an /F refresh on the next available bus cycle.

The Last Row Read (LRR) Register is a 13-bit register
which holds the 11-bit row address and 2-bit bank address of the
last EDRAM read event.

The Hit/Miss Comparator compares the new row and bank
address with the LRR register on each read transaction. The state
machine uses the hit/miss status to determine the EDRAM control
sequence.

The Address Multiplexer selects the row address, column
address, or burst address to the EDRAM multiplex address inputs
under the control of the state machine. Note that two independent

Figure 3. EDRAM Controller Block Diagram
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multiplex address output busses are used for MA, g to |
limit the capacitance driven by the FPGA. In the case
of MA, individual output pins are used for each
bank of memory due to the high input capacitance of
this address line. The use of multiple outputs limits
the clock to output delay to 8ns to achieve the goal of
Zero-wait-state operation at 33MHz.

Figure 4. R3051 State Machine

| Reset Sequence

No Event
(Bus or Refresh)

Yy

The Burst Address Generator increments the
lower two multiplexed address bits (MA,,) using the
linear burst sequence used during R3051 cache fill
cycles. The upper bits (MA, ) are identical to the
column address.

The Address Decoder decodes the address bits
(Ay3.31) to determine if a valid memory address is
present. The EDRAM memory is enabled for memory
transactions in the lower 16Mbyte address range in Y
this example. /0 and other memory devices are
presumed to be mapped into the remaining address
space.

The State Machine implements the EDRAM
control sequences. During reset the following
sequence is run:

W Reset Sequence — When the Reset# input is low,
the processor is in its reset state. The EDRAM
controller initializes the controller logic and then
enables refresh cycles. The controller will perform
the required eight /F refresh cycles while Reset# is
low. The required two read miss cycles per hank
EDRAM initialization should be implemented in the
software startup routine in the system bootstrap
ROM. When Reset# is released, the controller
enters its idle state waiting for memory
transactions.

The detailed state diagram for the EDRAM
memory sequences is shown in figure 4. A memory
sequence is initiated when ALE and a valid address
are present or an urgent refresh request is pending.
The RD#, WR#, and hit/miss comparator status

determine the final sequence for bus events: ¥

Write

[ wt

No

Read
Hit or
Page
Write

N

<

Read
Miss

Urgemi
y

Refresh
Page A
F2

Write

Read
Hit

Not
Read
Hit

Read
Hit

Burst

No

Burst | A3

. RS

B Read Hit Sequence — When a read hit is detected,
the state machine will perform a single 32-bit read

from the EDRAM cache. The read is executed by
applying the column address (MAL, 4, MAH,, ;) and
the appropriate chip select (/5,;) to the EDRAM, and the
RdCEn# and Ack# acknowledges to the processor during R2. All
control signals are available t,,, after the falling edge of the
system clock. The processor enables data onto the address/data
bus using its DataEn# output.

B Burst Read Hit Sequence — If the Burst# is low, the state
machine will continue from state R2 to the burst read sequence
R3 through R5. During each state a new burst address is output
to the EDRAM at ty,,, after the clock. The chip select and
RACEn# outputs and processor DataEn# remain valid.
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Read Miss Sequence — When a read miss is detected, the state
machine will perform an /RE active 32-bit read from the
EDRAM. During R1, the row address (MAL,,,, MAH,, ,,) and
chip select (/8,,.;) are presented to the EDRAM. The /RE signal
for the selected EDRAM bank is clocked t,y,, after R1 to initiate
2 DRAM row access. This access will transfer the new row to
SRAM cache. During R2, the column address is presented to
read the cache location, and the RACEn# and Ack#
acknowledges are generated to the processor to acknowledge
the access. The processor enables data onto the address/data
bus using its Datakn# output.



W Burst Read Miss Sequence — If the Burst# is low, the state
machine will continue from state R2 to the burst read sequence
R3 through R5. During each state a new burst address is output
to the EDRAM at 1, after the clock. The chip select and
RACEn# outputs and processor DataEn# remain valid.

W Write Sequence — An /RE active single write cycle is
performed. The bytes written are determined by the BE#,
inputs placed on the AD;; bus during address output time. The
state machine activates the appropriate /CAL,_; outputs to enable
the correct bytes of memory. The state machine selects the row
address (MAL,_,, MAH,, ) and appropriate chip select (/S,,.;)
signals to the EDRAM and the Ack# acknowledge to the
processor during W1. /RE is enabled t,, after the beginning of
W1. The column address is selected at to,, of W2. The /WE and
/CAL outputs for the selected bytes are enabled at t.,,, of W2 to
initiate the write cycle. Since the write was acknowledged during
W1, it is possible for the processor to initiate another memory
cycle during W2. If the next cycle is a read hit, the state machine
jumps directly to R2 to perform a cache read while the EDRAM
precharge occurs. If the next cycle is a read miss, the state
machine inserts a single wait state by entering I1. If the next
cycle is a write cycle, the state machine checks the
Burst#/WrNEAR input to determine if a page write hit has
occurred. On a page write hit, the EDRAM /RE output remains
low and the EDRAM performs another page write cycle by
jumping back to W1. The EDRAM can perform a series of zero-
wait-state writes on consecutive back-to-back write cycles that
are in the same page. On a write miss, the state machine jumps
to 11 to insert a wait state while the EDRAM precharge occurs.

B Refresh — If a refresh is pending during 11, the state machine
will perform an internal refresh on the next cycle by jumping to
F1. Refresh mode (/F) is enabled during F1. /RE is enabled t.,
after F1 to perform the internal refresh cycle. The next bus event
is pipelined during F2. If the next event is a read hit, the state
machine jumps directly to R2 to perform the cache read while
the DRAM precharge time is met. If the next event requires
another DRAM cycle, the state machine jumps to I1 to allow a
single wait state while the precharge time is met.

Note that the EDRAM control interface is partitioned to make
sure that the output capacitance does not cause the clock to output
time on any signal to exceeded 8ns. As a result. heavily loaded
signals such as /F and /WE are split into two pins which drive either
the low or high two banks of memory. On the other hand, the
/CAL,.; signals are lightly loaded and a single pin drives all four
banks of memory.

The attached read hit, burst read hit, read miss, burst read
miss, write, and page mode write timing sequences demonstrate
the timing of the EDRAM controller in a 33MHz R3051 system with
the 15ns version of the EDRAM. The same design will work at 10,
20 and 25MHz using the lower cost 20ns version of the EDRAM.
The worst case timing analysis is performed using Chronology’s
Timing Designer™ software with EDRAM timing parameters
entered from the databook. EDRAM controller parameters are
from the Intel 132-pin iFX780-10 FPGA datasheet. The Intel FPGA
was selected because of its fast clock to output delay (6ns into
30pf), fast setup time (6.5ns), and its fast address comparator
feature which allows implementation of a single chip EDRAM
controller. Other FPGA or PAL devices with similar performance
should also be useful to perform an EDRAM controller design. In
high volume applications, this controller design should be
convertible into a low cost CMOS gate array device with recurring
cost of less than five dollars. A simpler version of this controller
supporting up to 8Mbytes of EDRAM could be implemented using a
single multiplexed address bus and fit into the lower cost 84-pin
version of the Intel iFX780.

Conclusion

A single chip EDRAM controller for the 25 and 33MHz IDT
R3051 microprocessor can be implemented using a high
performance FPGA such as the Intel iFX780. This controller
supports up to 16Mbytes of EDRAM without additional buffer
components. Ramtron’s EDRAM improves R3051 system
performance by significantly reducing the number of wait states
over a standard DRAM or interleave DRAM. This system should
provide one of the fastest and most integrated embedded control
solutions available.
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Single-Word Read Hit
S 75ns
Iw | | | | |2~’¥' | | | | |5"' l | | | l | |
STATE | " X R2 X i X
I—+| R2051.18 I—+| R3051:19 +—s| R3051:18 +—»| R3051:09
ALE I\ —/\
—+{R%0s1.0
Burst N
—1C01d—+ 016+
RICEN \ /
€019+ +—tCO1d—+|
Mk \ /
——{ R30s1:116 ——{R0s116
Addf22) X Word Address ) &
—»| R305117 HR3051: 18  —— ——>{1G0Z ——+{R3051.7 —A3051:116-
Aoy X Ghesmmeey ¢ Duta T——— T Addt
MA10:0f _mﬂx oty
AL X
RE
——R3051:11 1—{ R3051:115 +——R3051:11 1—]
/Data€n, /G \_ / N
—e| R3051.17 L—|R3051115  —s{R051:7
Ad \ / \
_‘;019.! H—COIS™
WA [ \ ”
—1CO15%| CO159|
s \
Parameter Table
__Name _ Min Max - Comment -
R3051:t7 | 4 Wr#, Rd#, Burst#/WrNear#, A/D Valid From SysClk Rising
R3051:t8 3 ALE Asserted From SysClk Rising
R3051:19 3 ALE Negated From SysClk Falling e
| R3051:t11 13 DataEn# Asserted From SysClk Falliﬁg ) i ]
) R3051:t1f‘5‘ : 5 ) Wr#, Rd#, DataEn#,Egrst#/\NrNear#VNegg@edVFron_1>Sy;91k Favll_i_rg_ﬂi L
| R3051:t16 ) 5 Addr(3:2) Valid From SysClk L
M, - 9 A/D Tri-state Fr_pm SysClk Falling -
| R3051:t19 10 SysClk Falling to Data Out B
| tCO1s | 6 CLK to Output Valid (Synchronous)
tCO1d 8 CLK to OQutput Valid (Delayed)
tCO1a 12 CLK to Output Valid (Asynchronous)
tCLR | 15 Input or I/0 to Asynchronous Clear/Preset
tAC 15 Column Address Access Time
tAQX . 5 B Column Address Valid to Output Turn-on
%ox 0 | 5 Output Enable to Output Drive Time - -
tGQz 0 5 Output Turn-off Delay From Output Disabled
tRAC 35 Row Enable Access Time, On a Cache Miss
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Single-Word Read Miss

ns ns 75ns 100ns
r [ N Fs [ Fawl o [ [
STATE | X R X R2 X i X
Sysck \ \ \ \
+{R3051:8 | R3051:89 s R3051:18 || Raos1:19
AE /N
—{ R305147
Burst \
HCO1d¥ CO1d|
/RICEN \ /
H-CO1d+ H-CO 10|
Aok \_ /
—*{R3051:116 | Raos1:116
Addi[3:2) X X
+—s| R3051:t7 | A3051:7  +———»| A3051.
AD[31:0] [¥] — Al y—
——{1c01
MA[10:20] X ’
RE
“—R3051:t11— R3051:115 t—R3051:
MakEn, G \ %__’} n’_:t,
| R3051:17 ) L—{ R3051:15 '—{ R3051:7
Al T\ ; 4 -
——*«co1s ' s tco1s
wR [ [\
] cots ——{1co1s
Parameter Table
Name Min Max B ~_ Comment }
R3051:t7 4 Wr#, Rd#, Burst#/WrNear#, A/D Valid From SysClk Rising |
R3051:t8 3 ALE Asserted From SysClk Rising. o o
R3051:t9 3 ALE Negated From SysClk Falling B o e |
R3051:t11 13 DataEn# Asserted From SysClk Falling
R3051:115 5 Wr#,riRd#,ngtaEn#. Burst@rﬁearjﬁﬁegated From SysClk Falling o
R3051:t16 5 | Addr(3:2)Valid From SysClk - - -
R3051:t18 9 NDTmﬁMEﬁEmSWCWFMmg B B - -
R3051:t19 10 SysClk Falling to Data Out - S
tCO1s 6 CLK to Output Valid (Synchronous) S - o
tCO1d 8 CLK to Output Valid (Delayed) o e o
tCO1a 12 CLK to Output Valid (Asynchronous) o
tCLR 15 Input or I/0 to Asynchronous Clear/Preset -
tAC 15 Column Address Access Time B o -
tAQX s Column Address Valid to Output Turn-on
tGAX 0 5 Output Enable to Output Drive Time - - o -
tGQZ 0 5 | Output Turn-off Delay From Output Disabled ) - o
tRAC 35 Row Enable Access Time. On a Cache Miss
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Quad-Word Read Hit

Ins 100ns 150ns
r | | [ | ra"' | l [ I | l I [ | [ 1
STATE [ X R X R X [T} RS X i X
Spk 1 iq I\ \ / /D s
Lol R30S 1180+ R3051:19 ; -olmosr:sL-I R3051:19
R30514)
-+ R30S1: ——-{Haosr:m
Burst |\ / \
—l1cotd
iCEn . —-}co o
—i — ccofd
YAk |/ :
1 R3051:{16 (—s{ R3051:416 L R30s1.116 -in3051:}16 | R3051:/16
Adafs:Z] X w X W X W : T X
Roost:ne -' i Raost:
1| R30S 14 A —*uox : : -—-(rcc_z.l "
AD31:0) d : Word 1 Word 2 3 Addr
10018 1cots; 5 ‘ COs
MA100] X Qo X cai X iz X 3 X—
RE
———{ R3051:111 R3051:
ks, © —q/ 3051:15 —s \f
R30S1:¢
| Raast Ls{ R3os1:115
Ad T\ / S\
—*{ 1CO1s :
WA [______\ I+ 1CO1s
L cots L icors
s T\ : /__
Parameter Table
__Name Min Max . ~_ Comment -
R3051:t7 4 Wr#, Rd#, Burst#/WrNear#, A/D Valid From SysClk Rising
_R3051:t8 3 ALE Asserted From SysClk Rising
_R3051:t9 13 ALE Negated From SysClk Falling
R3051:t11 13 | Datakn# Asserted From SysClk Falling
| R3051:t15 5 Wr#, Rd#, Datakn#, Burst#/WrNear# Negated From SysClk Falling
R3051:116 18 Addr(3:2) Valid From SysClk L
R3051:118 |9 A/D Tri-state From SysClk»Falling
R3051:t19 10 SysClk Falling to Data Out
tC01s 6 CLK to Output Valid (Synchronous)
tCO1d 8 CLK to Output Valid (Delayed)
| tCO1a 12 CLK to Output Valid (Asynchronous)
|tCLR | | 15 Input or 1/0 to Asynchronous Clear/Preset
| tAC 15 Column Address Access Time B
| tAQX 5 Column Address Valid to Output Turn-on B
10 S 0o 5 Output Enable to Output Drive Time
tGQZ 1 0 5 Output Turn-off Delay From Output Disabled B
tRAC 35 Row Enable Access Time, On a Cache Miss

2-111




Quad-Word Read Miss

s 100ns 150ns 00ns
Im‘ [ Y B lsm [ [ [ T B F
STATE [0 X L] X ] X (Y] X M [ n
s\ [\ O\ O\ O\ O\,
Hmm i ; : Hnaosm
1 R3051:8 1+ R305148
AE| /T N\ N
R3051)7
| R3051}7 | R30S -rjﬁ
Aurst |7\ / A}
—licosa H—siicoyd
—ejicojg {10t
sk N /| 5 ;
1| R30S 1176 olRosite  elpaosing Ll maosine | 3051116
Addfaz] HI ) GERETH X X v X
o 1] | |
R3051118 1AQ R3051)7
sty | »ido. iha
sty X A'Tv H 8 <Ak »—
1cqry —11C0) i i I—lico:
MA10:0f X : Row FI Col 0 X i Colt : Col2 ] ) G
101 L —iGota
E \ ; [
i i R3051Y7
Raos1111 -1 A305 TIL
/DataEn, /G \i / \
: _—-Lnaosr 7
+o{ R30S147 | R305111
e i\ VA . —
: —{icors : ficor:
WR [—'j : /
ltcors Lficor:
. : o
Parameter Table
Name Min Max Comment |
R3051:t7 Wr#, Rd#, Burst#/WrNear#, A/D Valid From SysClk Rising - ]
R3051:t8 ALE Asserted From SysClk Rising - -
R3051:19 3 ALE Negated From SysClk Falling N ]
R3051:t11 13 Datakn# Asserted f@_ SysClk Falling -
R3051:t15 5 Wr#, Rd#, DataEn#, Burst#/WrNear# Negated From §X§C[k Falling ]
R3051:t16 5 Addr(3:2) Valid From SysClk -
R3051:118 9 A/D Tri-state From SysClk Falling N o j
R3051:t19 10 | SysClk Falling to Data Out -
tCO1s 6 CLK to Output Valid (Synchronous) B - ]
tCO1d 8 CLK to Output Valid (Delayed) B o
tCO1a 12 CLK to Output Valid (Asynchronous) - o
tCLR 15 Input or 1/0 to Asynchronous Clear/Preset B
tAC 15 Column Address Access Time N - ]
tAQX 5 Column Address Valid to Output Turn-on o
tGAX 0 5 Output Enable to Output Drive Time ) o ]
tGQZ 0 5 Output Turn-off Delay From Output Disabled )
tRAC 35 Row Enable Access Time, On a Cache Miss
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Single-Word Write

75ns 100ns
Iomlllllﬁmllllromlllllllllll
STATE h ) & wi X w2 X h X
o Roos1zs  o|RO0SI® | -+ R3051:8 || RO0S1:9
ALE I\
Lo R3051:17 —| R3051:115 (—o{ R30S1:7
MiNear \ AV
10010+ ; ICO10+
Ack \ : /
Lol Raos1:116 || 301116
Adapsz] [ X Word Address X
| Ro051.t7  |———] RO0S1:119 | R3051.7  |——2{ RO051:118
woporo) JK __Aoe} X — Owd ) G| D,
—slcors ——11cots ——{1cots
MA100] ) & T how X Col v X
—1Cote—+| | L —1001a—
RE L : /
{ —CO1a— |——1CtA—]
CAL ‘\_—/'
—COta—s| ——1CLR—]
/WE | [
| R3051.7
Ad .
[——s| «cO1s ——{1co1s
WR ] A
L R3051:17 | R3051:115 | R3051:17
M\ S \
—icots L ico1s
a5 Y A
Parameter Table
Name Min Max ] o __Comment
| R3051:t7 ] 4 Wr#, Rd#, Burst#/WrNear#, A/D Valid From SysClk Rising
R3051:t8 3 ALE Asserted From SysClk Rising
R3051:19 3 ALE Negated From SysClk Falling -
R3051:t11 13 DatakEn# Asserted From SysClk Falling
| R3051:t15 | ) 5 | Wr# Rd#, DataEn#, Burst#/WrNear# Negated From SysClk Falling
R3051:116 5 Addr(3:2) Valid From SysClk
R3051:t18 9 A/D Tri-state From SysClk Falling
R3051:t19 10 SysClk Falling to Data Out
tC01s 6 CLK to Output Valid (Synchronous)
tCO1d 8 CLK to Output Valid (Delayed)
tCO1a 12 CLK to Output Valid (Asynchronous)
tCLR 15 Input or 1/0 to Asynchronous Clear/Preset
tAC 15 Column Address Access Time
tAQX 5 Column Address Valid to Output Turn-on
tGAX 0 5 Output Enable to Output Drive Time
tGQZ 0 5 Output Turn-off Delay From Qutput Disabled
tRAC 35 Row Enable Access Time, On a Cache Miss
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Single-Word Write Followed by Page-Mode Write

" 100ns 150ns
| ] | ! Iﬂl | 1 ] | I | [ [ ! | 1 |
STATE (X wi X w2 X Wi X Wz X n X
Syscx 7 /T \ / \ ) M\ I\ )
-(mml,_-{njosfﬁ a(masml-lmm | R3051181% R305119
AE | /] : /S N\ VAR AN
; R30511 R30511,
-+ R30511 : —-iﬁ:'ﬂsm—;! Hin:nmm
MiNear |7\ : / \__ / \
L—-[:cor:a —{tcon —{tcote —s{icoy —s{tcot
! R3051116 H | R305116 [+ R3051.416
A3 [ X Word Addrems A X Word Address B X Word Address C
1-+| R30511 __4,,355”,9 1| R30511}——| R3051119 -+ R3051.F—{ R3051119
AoEtg B adda X : Dap A Adu B Dse B Add} C Dataf
L —l1cots: —l1c01s ; 1001
MA[10:0) X . Row X T X Col B
tcoras| ; Licotas]
RE A\ : : ——
: Hcotes] | —icLA—] Hcotas| —ch—f
AL \_/ \-—-—/z
Lcotes| |—cLr—| bcote| {—cta—|
me - 7/
; | R305117
Il 1cots: |—sltcots
wm / H H H —
: R30S117 Lot pagsia7
Lol R30s12 : —-lnaostr?s'( : L naosn}g' )
M\ : / \ : ~/ .
s 1cots: Lslicots
5 g : Y
Parameter Table
Name Min Max Comment
R3051:7 4 | Wr#, Rd#, Burst#/WrNear#, A/D Valid From SysClk Rising
R3051:t8 ) 3 ALE Asserted From SysClk Rising -
R3051:19 3 ALE Negated From SysClk Falling -
R3051:t11 13 DataEn# Asserted From S_ysCIk Falling
R3051:115 5 Wr#, Rd#, DataEn#, Burst#/er\l@ Negated From SysClk Falling ]
R3051:t16 - 5 Addr(3:2) Valid From SysClk N o ]
R3051:118 9 ] A/D Tri-state From SysClk Falling ]
R3051:119 - 10 | SysClk Fallingto DataOut o -
tCO1s 6 CLK to Output Valid (Synchronous) o -
tco1d 8 CLK to Output Valid (Delayed) 7 - ]
tC01a 12 _ CLK to Output Valid (Asynchronous) e e
tCLR 15 Input or 1/0 to Asynchronous Clear/Preset
tAC 15 | Column Address Access Time -
tAQX 5 Column Address Valid to Output Turn-on L e B
tGAX o | 5 Output Enable to Output Drive Time o - o
tGQZ 0 5 | Output Turn-off Delay From Output Dlsableqw e ]
tRAC 35 Row Enable Access Time, On a Cache Miss

Ramtron International Corporation assumes no responsibility for the use of any cireuitry other than circuitry embodied in a Ramtron product, nor does it comvey or

imply any license under patent or other rights, © Copyright 1994 Ramtron International Corporation
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U.S. REPRESENTATIVES

ALABAMA

Electronic Marketing Associates

7500 South Memorial Parkway,
Suite 215A

Huntsville, AL 35802

Tel: 205-880-8050

Fax: 205-880-8054

ARIZONA

Hi-Tech Sales Company

11811 North Tatum Boulevard, Suite 3031
Phoenix, AZ 85028

Tel: 602-953-7826

Fax: 602-953-7737

ARKANSAS

LOUISIANA

OKLAHOMA

M REP

12801 Stemmons Freeway, Suite 825
Dallas, TX 75234

Tel: 214-484-5711

Fax: 214-484-0634

CALIFORNIA — North

NEVADA (except Clark Co)
Phase Il Technical Sales

2700 Angustine Drive, Suite 110
Santa Clara, CA 95054

Tel: 408-980-0414

Fax: 408-980-8932

CALIFORNIA — South
Prism Associates

130 Bristol Lane
Orange, CA 92665
Tel: 714-283-8744
Fax: 714-283-8729

22144 Clarendon Street, Suite 220
Woodland Hills, CA 91367

Tel: 818-710-6607

Fax: 818-710-6613

5355 Mira Sorrento Place, Suite 100
San Diego, CA 92121

Tel: 619-597-7502

Fax: 619-597-7602

COLORADO

Lange Sales, Inc.

1500 West Canal Court,
Building A, Suite 100

Littleton, CO 80120

Tel: 303-795-3600

Fax: 303-795-0373

CONNECTICUT

Connecticut Applied Technology, Inc.
555 Highland Avenue, Suite 2
Cheshire, CT 06410

Tel: 203-272-6564

Fax: 203-271-3670

DISTRICT OF COLUMBIA
MARYLAND

VIRGINIA

New Era Sales

890 Airport Park Road, Suite 103
Glen Burnie, MD 21061

Tel: 410-761-4100

Fax: 410-761-2981

DELAWARE

NEW JERSEY — South
PENNSYLVANIA — East
Nexus Technical Sales, Inc.
200 Lakeside Drive, Suite 236
Horsham, PA 19044

Tel: 215-675-9600

Fax: 215-675-9604

FLORIDA

DELMAC Sales, Inc.

2000 Tree Fork Lane, Suite 106
Longwood, FL 32750

Tel: 407-831-0040

Fax: 407-831-0025

1761 West Hillsboro Bivd., Suite 312
Deerfield Beach, FL 33441

Tel: 305-427-7788

Fax: 305-427-7949

15404 Timberline Drive
Tampa, FL 33624
Tel: 813-447-5192

Tax: 813-962-6997

GEORGIA

Electronic Marketing Associates

6695 Peachtree Industrial
Boulevard. Suite 101

Atlanta, GA 30360

Tel: 404-448-1215

Fax: 404-446-9363

IDAHO

Lange Sales, Inc.

12301 West Explorer Drive, Suite 205
Boise, ID 83704

Tel: 208-323-0713

Fax: 208-323-0834

ILLINOIS — North

Qasis Sales

1101 Tonne Road

Elk Grove Village, IL 60007
Tel: 708-640-1850

Fax: 708-640-9432

ILLINOIS — South
MISSOURI

Rush & West Assaciates, Inc.
2170 Mason Road

St. Louis, MO 63131

Tel: 314-965-3322

Fax: 314-965-3529

INDIANA

Applied Data Management
P.0. Box 0213

Batesville, IN 47006-0213
Tel: 317-257-8949

Fax: 513-579-8510

Independent Sales Offices

10WA

NEBRASKA

Rush & West Associates, Inc.
4537 Brady Street

Davenport, IA 52807

Tel: 319-388-9494

Fax: 319-388-9609

KANSAS

Rush & West Associates, Inc.
333 East Poplar, Suite C-3
Olathe, KS 66061

Tel: 913-764-2700

Fax: 913-764-0096

KENTUCKY

Applied Data Management
435 Dayton Street
Cincinnati, OH 45214
Tel: 513-579-8108

Fax: 513-579-8510

MAINE

MASSACHUSETTS

NEW HAMPSHIRE

RHODE ISLAND
VERMONT

Integrated Technology. Inc.
182 Main Street

Salem, NH 03079

Tel: 603-898-6332

Fax: 603-898-6895

MICHIGAN

Applied Data Management

419 Village Green Boulevard, Suite 203
Ann Arbor, Ml 48105

Tel: 313-741-8558

Fax: 313-741-8754

MINNESOTA

NORTH DAKOTA

SOUTH DAKOTA

Oasis Sales

7805 Telegraph Road, Suite 210
Bloomington, MN 55438

Tel: 612-941-1917

Fax: 612-941-5701

MISSISSIPPI

NORTH CAROLINA

SOUTH CAROLINA
TENNESSEE

Electronic Marketing Associates
6600 Six Forks Road, Suite 201
Raleigh, NC 27615

Tel: 919-847-8800

Fax: 919-848-1787

NEW JERSEY — North
NEW YORK — South
Nexus Sales

2460 Lemoine Avenue
Ft. Lee, NJ 07024

Tel: 201-947-0151
Fax: 201-947-0163

NEW MEXICO

Nelco Electronix

3240C Juan Tabo Boulevard, N.E.
Albuguerque. NM 87111

Tel: 505-293-1399

Fax: 505-293-1011

NEW YORK — Upstate
Technical Marketing Resources
12 Chablis Drive

Fairport, NY 14450

Tel: 716-223-5656

Fax: 716-223-2408

8274 Thimblerik Circle
Manilus, NY 13104
Tel: 315-682-1777
Fax: 315-682-6599

OHIO — North
PENNSYLVANIA — West
Mid Star

2538 Revere Drive
Akron, OH 44333
Tel/Fax: 216-867-7633

OHIO — South

WEST VIRGINIA

Mid Star

35 Compark Road, Suite 204
Centerville, OH 45458
Tel/Fax: 513-439-5700

OREGON

Electronic Sources, Inc.
6700 S.W. 105th, Suite 305
Beaverton, OR 97005

Tel: 503-627-0838

Fax: 503-627-0238

TEXAS

M REP

12801 Stemmons Freeway, Suite 825
Dallas, TX 75234

Tel: 214-484-5711

Fax: 214-484-0634

10616 Mellow Meadow, Suite 30C
Austin, TX 78750
Tel: 512-250-0828
Fax: 512-250-8919

UTAH

Lange Sales, Inc.

772 East 3300 South, Suite 205
Salt Lake City, UT 84106

Tel: 801-487-0843

Fax: 801-484-5408

WASHINGTON

Electronic Sources, Inc.

1603 116th Avenue N.E., Suite 115
Bellevue, WA 98004

Tel: 206-451-3500

Fax: 206-451-1038

WISCONSIN

Oasis Sales

1305 North Barker Road
Brookfield, WI 53005
Tel: 414-782-6660
Fax: 414-782-7921
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U.S. DISTRIBUTORS

ALABAMA

MISSISSIPPI

TENNESSEE

Nu Horizons

4801 University Square, Suite 11
Huntsville, AL 35816

Tel: 205-722-9330

Fax: 205-722-9348

CONNECTICUT

Nu Horizons

228 Purdy Hill Road
Monroe, CT 06468
Tel: 203-265-0162
Fax: 203-261-6657

DISTRICT OF COLUMBIA
DELAWARE

MARYLAND

NORTH CAROLINA

VIRGINIA

Nu Horizons

8975 Guilford Road, Suite 160
Columbia, MD 21046

Tel: 301-995-6330

Fax: 301-995-6332

FLORIDA

Nu Horizons

3421 N.W. 55th Street
Fort Lauderdale, FL 33309
Tel: 305-735-2555

Fax: 305-735-2880

GEORGIA

SOUTH CAROLINA

Nu Horizons

5555 Qakbrook Parkway, Suite 370
Norcross, GA 30093

Tel: 404-416-8666

Fax: 404-416-9060

MAINE
MASSACHUSETTS
NEW HAMPSHIRE
RHODE ISLAND
VERMONT

Nu Horizons

19 Corporate Place
107 Audubon Road, Building One
Wakefield, MA 01880
Tel: 617-246-4442
Fax: 617-246-4462

NEW JERSEY — North
Nu Horizons

39 U.S. Route 46

Pine Brook, NJ 07058
Tel: 201-882-8300
Fax: 201-882-8398

NEW JERSEY — South
PENNSYLVANIA — East

Nu Horizons

18000 Horizon Way, Suite 200
Mount Laurel, NJ 08054

Tel: 609-231-0900

Fax: 609-231-9510

NEW YORK — Upstate
Nu Horizons

333 Metro Park
Rochester, NY 14623
Tel: 716-292-0777
Fax: 716-292-0750

NEW YORK — South

Nu Horizons

6000 New Horizons Boulevard
Amityville, NY 11701

Tel: 516-226-6000

Fax: 516-226-6140

OHIO

Nu Horizons

6200 SOM Center Road, Suite A-15
Solon, OH 44139

Tel: 216-349-2008

Fax: 216-349-2080

INTERNATIONAL
INDEPENDENT SALES
OFFICES

AUSTRALIA

NEW ZEALAND

Intag International Pty. Ltd.
Level 9, 27-31 Macquarie Place
Sydney, Australia 2000

Tel: 61-02-252-4055

Fax: 61-02-252-4064

BELGIUM

LUXEMBOURG

Nijkerk Electronika B.V.
Drentestraat 7

1083 HK Amsterdam, The Netherlands
Tel: 31-20-549-5969

Fax: 31-20-642-3948

CANADA

Weiss Co.

2044 St. Regis Boulevard
Dorval, PQ H9P 1H6, Canada
Tel: 514-685-6644

Fax: 514-685-6950

Weiss Co.

7270 Torbram Road, Unit 5
Mississauga, ON L4T 3Y7, Canada
Tel: 416-673-0011

Fax: 416-673-1270

4381 Fraser Street, Suite 202
Vancouver, BC V5T 4E9, Canada
Tel: 604-873-1112

Fax: 604-873-1120

No. 6, Gurdwara Road, Suite 200
Nepean, ON K2E 8A. Canada
Tel: 613-225-1810

Fax: 613-228-0179

DENMARK

exatec A/S

Mileparken 20E

DK-2740 Skovlunde, Denmark
Tel: 45-44-92-70-00

Fax: 45-44-92-60-20

FINLAND

NORWAY

SWEDEN

NC ScandComp Norway A/S
Aslakveien 20 F

0753 Oslo, Norway

Tel: 47-22-50-60-50

Fax: 47-22-50-27-77

FRANCE

A2M

5 Rue Carle Vernet

92315 Sevres Cedex, France
Tel: 33-1-46-23-79-00

Fax: 33-1-46-23-79-23

GERMANY

Intercomp

Meisenweg 19

W-65527 Niedernhausen, Germany
Tel: 49-6128-71140

Fax: 49-6128-72228

AM Hochwald 42

W-82319 Starnberg, Germany
Tel: 49-8151-16044

Fax: 49-8151-79270

Kniebisstr. 40/1

78628 Rottweil, Germany
Tel: 49-741-14845

Fax: 49-741-15220

MSC

IndustriestraBe 16

76297 Stutensee 3, Germany
Tel: 49-72-49-9100

Fax: 49-72-49-7993

Tekelec Airtronic
Kapuzinerstrasse 9

80337 Miinchen 2, Germany
Tel: 49-89-51640

Fax: 49-89-5164110

HONG KONG

TAIWAN

Promate Electronic Co., Ltd.
4F 30, Sec. 1

Huan Shan Rd., Nei Hu
Taipei, Taiwan R.0.C. 114
Tel: 886-2-6590202

Fax: 886-2-6580959

ISRAEL

Star-Tronics Ltd.

7, Derech Hashalom
Tel-Aviv 67892, Israel
Tel: 972-3-6960148

Cav. O70_ 2 000
Fax: §72-3-6360255

ITALY

Comprel Rep

V. Le Romagna, 1

20092 Cinisello B. (Mi), Italy
Tel: 39-2-612-900-72

Fax: 39-2-612-905-26

JAPAN

CTC Components Systems Co., Ltd.

KM Dai-ichi, Building 2-13-13,
Shinyokohama

Kouhoku-ku, Yokohama-shi,
Kanagawa

222 Japan

Tel: 81-45-476-7508

Fax: 81-45-476-7518

Systems Marketing, Inc.

Fukui Building, 2-2-12, Sotokanda
Chiyoda-Ku, Tokyo, 101 Japan
Tel: 81-3-3254-2751

Fax: 81-3-3254-3288

Tau Engineering

Dai-Ichi Fuji Building, 9F

2-15 Kanda Jinbo-cho
Chiyoda-Ku, Tokyo, 101 Japan
Tel: 81-3-3234-2711

Fax: 81-3-3234-2873

KOREA

Data 2000

Gugu Building, 8th Floor

145-18 Samsung-Dong, Kangnam-Ku
Seoul, Korea

Tel: 82-2-561-6670

Fax: 82-2-561-6645

MALAYSIA

SINGAPORE

Serial System PTE Ltd.

11 Jalan Mesin

Standard Ind. Bldg., #06-00
Singapore 1336

Tel: 65-2800200

Fax: 65-2866723

THE NETHERLANDS

Nijkerk Electronika B.V.
Drentestraat 7

1083 HK Amsterdam, The Netherlands
Tel: 31-20-549-5969

Fax: 31-20-642-3948

Koning en Hartman

1, Energieweg

2627 AP Delft, The Netherlands
Tel: 31-15-60-99-06

Fax: 31-15-61-91-94

SWITZERLAND

Anatec

Sumpfstrasse 7

CH 6300, ZUG, Switzerland
Tel: 41-42-41-24-41

Fax: 41-42-41-31-24

UNITED KINGDOM

MMD

3 Bennet Court

Reading, Berks RG2 0QX
United Kingdom

Tel: 44-734-313232
Fax: 44-734-313255
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