
























































































































































































































































































































































































































































































































































EDRAM Memory DM1M36SJ/DM1M32SJ

Page Read/Write During Write Hit Cycle (Can Include Read-Modify-Write)

: fo L
t
/REq RE top !
< tusu
*’,‘ l‘“ Ty |<— toww —>
F_ ) X

W/R N\ -
I

—> <t —> 1 <t
| RAH Ag-g >J | AC

Ag10 Row ><:>< Column 1 Column 2
|
— tagn t.l |

Column 3

‘

tasc

Write Data | Read Data |
—>| toy l<— ‘ > =<l
<tz —> <= tyox

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 17,26,35 Must have mask provided at falling edge of /RE.
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DM1M36SJ/DM1M328J

EDRAM Memory

Write-Per-Bit Cycle (/G = High)

< tpe <— tpp—>
/REg
|
[< tRsH
< tack
<t
/CALp CAE
I
—>‘ |<— tran tasc »
g Il‘_l tasr > < oy
Ag-10 Row K X Column _ X
I ‘ |_> < twy
|
T tusu <3 towe | ‘
W/R ’\
| < |
=ty thwe |
< tows ‘ < twen —>]
DQ X Mask }X X Data
| tps —> < e I U
> twee =< ou> .
—
JWE WP
|
| twir
> tusu
JF ‘ X
—>| | tyan
—> <— tgon —> < iR
/S

NOTES: 1. Data mask bit high (1) enables bit write; data mask bit low (0) inhibits bit write.
2. Write-per-bit cycle valid only for DM1M36S].
3. Write-per-bit waveform applies to parity bits only (DQg 17 56 35)-

Don’t Care or Indeterminate []
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EDRAM Memory DM1M368J/DM1M32SJ

Hidden /F Refresh Cycle During Page Mode and Static Column Cache Reads

<— tgp —>
/REy 5 ﬁ
—> <— tysu

|< trp |
—)’ ‘(— tyn
/F
i
W/R
/WE
Ao-g Ao-g Ag-g Ao-g Ag-8
Ao-10 Adr 1 Adr 2 Adr 3 Adr 4 Adr5
[ top —>
tasc > i t <t 7| e < > |‘_
/CALg.3p N o
—>| [<—txc —> <— teav | tase —>| =<1
“_ taax x> || < taox — <t
({ Data1 M Data 2 Data3 X X Data4 Data 5—
I I

DQy.35
“‘ tsax tsoz =  |=<—
(_ tsv
—> -<— tGQV tGQZ —| |<—
/G

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, /S must be low.
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DM1M36SJ/DM1M325J EDRAM Memory

/RE-Only Refresh

t
/REqg-2 RE

> < tauy

Ag10 ><f Row R O T 4

/CALg.3p, /WE, /G * e

> < tysy

/F

- < tusy —> < tun
W/R r\
- |‘_ tssp _’I < tgr
/S l

Don’t Care or Indeterminate

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

2. /RE refresh is write cycle with no /CAL active cycle.
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EDRAM Memory DM1M36SJ/DM1M32SJ
Mechanical Data
72 Pin SIMM Module
4.245 (107.82)
Inches (mm) 4255 (108.08)
' 3.984 (101.19) |
— }«— 0.133 (3.38) l
0.123 (3.12)
0.400 e T e o A e
(G ’ e BB B BB OB ’ /o 62
B = B = B = B B = R = B = R 0225
0.945 (24.00) T B4 (2] e [E Ed 2] i [E] B [E EE [ Bd [E] 8 [= /
o Hy—jor B EREL B E B B B S 6
_’| Ul jgsl L2 38 U3 S U4 29 US gl U6 Bl U7 |33 UB [BEl U9 | ¢ ¢
1 IRRNRERRENNNNERNRRRRARAR RENEER — SRNNERERRRRREREREREANNRENNNNREREN 77 -
4 0.050 (1.27) —>| |=— | 0.040 (1.02) —>|=— —>| |~— 0.047 (1.19)
0.042 (1.07) 0.054 (1.37)
0.245 (6.22) ! 0075 (1.90) 0.060 (152) par | |~ 0208 (5.28)

0255 (6.48) /™
0.062 (1.57) RAD.
0.250 (6.35) —

0.085 (2.16)

0.064 (1.63)

<————— 1.750 (44.45) ————

3.750 (95.25)

<— 0.250 (6.35)

-~ 2125(53.98) — >

U1-U4, U6-U9 — Ramtron DM2202J-XX, 1M x 4 EDRAMSs, 300 Mil SOJ
U5 — Ramtron DM2212J-XX, 1M x 4 EDRAM with Write-Per-Bit (Not present on DM 1M32SJ)
C1-C9 — 0.22yF Chip Capacitors
Socket — Molex 78441-7202 or Equivalent

Part Numbering System
DM1M36SJ - 15
\— Access Time from Cache in Nanoseconds
15ns
20ns
Packaging System

J =300 Mil, Plastic SOJ

Memory Module Configuration
S = SIMM

1/0 Width (Including Parity)
32 = 32 Bits
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 2 Ramtron product, nor does it convey or imply any license under patent or other rights.
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DM1M368J/DM1M32SJ EDRAM Memory

Notes
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Features

M 4KByte SRAM Cache Memory for 15ns Random Reads Within a Page

M 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)

W 2KByte Wide DRAM to SRAM Bus for 58 Gigabytes/Sec Cache Fill

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

m Hidden Precharge and Refresh Cycles

m Extended 64ms Refresh Period for Low Standby Power

m Standard CMOS/TTL Compatible I/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 (EDRAM) 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 >66MHz 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
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.

DM2M36SJ/DM2M32SJ
2Mbx36/2Mbx32 Enhanced DRAM SIMM

Product Specification

Architecture

The DM2M36S] achieves 2Mb x 36 density by mounting 18 1M x

4 EDRAMS, packaged in 28-pin plastic SOJ packages, on both sides
of the multi-layer substrate. Sixteen

. DM2202 and two DM2212 devices

s provide data and parity storage. The

DM2M32$] 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 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.

2

Functional Diagram

Memory writes are internally posted in
15ns and directed to the DRAM array.

Aog

CAL Column
/OAosp Add

Latch

Column Decoder

During a write hit, the on-chip address
l comparator activates a parallel write path to

512 X 36 Cache (Row Register) X 2 H

the SRAM cache to maintain coherency. The

11-Bit
Comp

EDRAM delivers 15ns cycle page mode
memory writes. Memory writes do not
affect the contents of the cache row register

—e /G

Ag-10

2

Sense Amps
& Column Write Select o

except during a cache hit.

Control
and “ DQg.35

Memory
Array
8Mbyte + Parity

,_
5
I
S

Row Decoder

Data
Latches

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 DRAMs. By eliminating the

— /So 1

Aog
Refresh

JF o—{

W/R e——

Row Add
and

Ve need for SRAMs and cache controllers,

Lo system cost, board space, and power can all
— * Vss be reduced.

Refresh Counter

Control

/REgo3 ®

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

© 1994 Ramtron International Corporation, 1850 Ramtron Drive, Colorado Springs, CO 80921
Telephone (719) 481-7000, Fax (719) 488-9095
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DM2M36SJ/DM2M32SJ

EDRAM Memory

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.

Bank Selection

The 8MByte EDRAM SIMM has two separate 4MByte banks on
one module. The two banks share common data, multiplexed
address, and control signals with the exception of /RE and /S. Bank
selection is performed by using both /RE and /S to select a bank.
The use of /S to select a bank is required on the 8MByte SIMM
because /G is common between the two banks. If /S is grounded
(i.e., not used to control bank selection), an output buffer conflict
between the two banks wiéll occur when /G is enabled. It is also
necessary to clock the /RE signal for each bank separately since
clocking /RE with /8 disabled is ot allowed (see “Unallowed
Mode” description).

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

EDRAM Basic Operating Modes

column address is available at the output pins at the greater of times
tyc OF tgoy- Since no DRAM activity is initiated, /RE can be brought
high after time tpg;, 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
tracs tacs and tgqy- It s 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

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
+ tygc for the column address and tyyg 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
tpc. With /G enabled and /WE disabled, it is possible to perform cache

Function 5 /RE WR /F Ag.10 Comment

Read Hit L { 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 Cache, Reads Enabled

Write Miss L N H H Row # LRR Write to DRAM, Cache Not Updated, Reads Disabled
Internal Refresh X d X L X

Low Power Standby H H X X X

Unallowed Mode H { X H X

H = High; L = Low; X = Don’t Care; | = High-to-Low Transition; LRR = Last Row Read
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EDRAM Memory

DM2M36SJ/DM2M325J

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 tgyc,). At the end of a write sequence (after /CAL and
/WE are brought high and tg; 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 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 ty for the data). During a write
burst sequence, the second write data can be posted at time trqy 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 typy 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
/CALis 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 for the selected bank (/S; or /8,) 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 !

H = High; L = Low; X = Don’t Care; { = Transitioning

Agg
Column Address

Golumn Address
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Write-Per-Bit Operation

The DM2M36S] EDRAM SIMM provides a write-per-bit capability
to selectively modify individual parity bits (DQg 175 35) for byte write
operations. The parity devices (DM2212) are 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 I/O 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
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 refresh cycle. 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.

/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, o 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.

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

It is possible to simplify the interface to the 8Mbyte SIMM to reduce
the number of control lines. /REQ and /RE2 could be tied together
externally to provide a single row enable for bank 0. W/R and /G can
be tied together if reads are not performed during write hit cycles.
This external wiring simplifies the interface without any performance
impact.



DM2M36SJ/DM2M32SJ EDRAM Memory
Pinout
Pin No. | Function (cg’:f:;’lr:l‘:g:te ;;n) Organization Pin No. | Function (L‘Tl:f;::g:f ’c”g”) Organization

1 | GND C (8,21,28) Ground 37 | DQy* | U514 (25) Parity 1/0 for Byte 2
2 | DQ U1,10 (27) Byte 11/0 1 38 | DQg* | U514 (24) Parity 1/0 for Byte 4
3 | DQyq U2,11 (24) Byte 31/0 1 39 | GND C (8,21,28) Ground
4 | DOy U1,10 (26) Byte 11/0 2 40 | /CAL, | U13,10,12(16) | Byte 1 Column Address Latch
5 | DQ4g U2,11 (25) Byte 31/0 2 41 | /CAL, U2,4,11,13 (16) | Byte 3 Column Address Latch
6 | DQ, U1,10 (25) Byte11/03 42 /CAL4 U7,8,16,17 (16) | Byte 4 Column Address Latch
7 | DQy U2,11 (26) Byte 31/0 3 43 | /CAL, U6,9,15,18 (16) | Byte 2 Column Address Latch
8 DQ, U1,10 (24) Byte 11/0 4 44 /REq U1,3,6,9 (6) Bank 0 Row Enable (Bytes 1,2)
9 DQy4 U2,11 (27) Byte 31/0 4 45 1S4 U10-18 (19) Chip Select Bank 1

10 +5 Volts | C (7,14,22) Vee 46 /CALp* | U5,14 (16) Parity Column Address Latch

11 | +5Volts | C (7,14,22) Vee 47 | /WE C (20) Write Enable

12 A C(1) Address 48 W/R C(17) W/R Mode Control

13 | A4 C(2) Address 49 DQg U6,15 (27) Byte2 1/0 1

14 | A, C(12) Address 50 | DQy U7,16 (27) Byte 4 1/0 1

15 | Ag C(3) Address 51 DQyq U6,15 (26) Byte 2 1/0 2

16 | Ay C(4) Address 52 | DOy U7,16 (26) Byte 4 1/0 2

17 | As C (5) Address 53 | DQyq U6,15 (25) Byte21/0 3

18 | Ag C(9) Address 54 | DQyg U7,16 (25) Byte 41/0 3

19 | Aq C(15) Address 55 | DQyy U6,15 (24) Byte21/0 4

20 DQy4 U3,12 (27) Byte 11/0 5 56 DQgg U7,16 (24) Byte 4 1/0 4

21 | DQy | U413 (24) Byte 31/05 57 | DOy, U9,18 (24) Byte 2 1/05

22 DQs U3,12 (26) Byte 11/0 6 58 DQ34 U817 (24) Byte 41/0 5

23 | DQy U4,13 (25) Byte 31/0 6 59 | +5Volts | C(7,14,22) Vee

24 | DQg U3,12 (25) Byte11/07 60 | DQj U8,17 (26) Byte 41/0 6

25 DQyy U4,13 (26) Byte31/07 61 DQy4 U9,18 (25) Byte 2 1/0 6

26 | DQ; U3,12 (24) Byte 11/0 8 62 | DQs3 U8,17 (25) Byte 41/0 7

27 | DQys U4,13 (27) Byte 31/0 8 63 | DQys U9,18 (26) Byte21/0 7

28 | A; € (10) Address 64 | DQy | U817 (24) Byte 41/0 8

29 | GND C (8,21,28) Ground 65 | DQyq 9,18 (27) Byte21/0 8

30 | +5Volts | C(7,14,22) Ve 66 +5 Volts | C(7,14,22) Veo

31 Ag C(11) Address 67 /G C (23) Output Enable

32 | Ag C(13) Address 68 /F C(18) Refresh Mode Control

33 | /RE; U10-18 (6) Bank 1 Row Enable 69 /S U1-9 (19) Chip Select Bank 0

34 | RE, U2,4,5,7,8 (6) | Bank0 Row Enable (Bytes 3,4, Parity) 70 PD Signal GND Presence Detect

35 | DQyg* | U514 (27) Parity 1/0 for Byte 3 71 | GND C (8,21,28) Ground

36 | DQg* U5,14 (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 DM2M32SJ
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EDRAM Memory DM2M365J/DM2M325J

Interconnect Diagram — Bank 0 (Components Mounted on Front Side)
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*DM2212 is not present on the DM2M32SJ.
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DM2M36SJ/DM2M325J EDRAM Memory

Interconnect Diagram — Bank 1 (Components Mounted on Back Side)
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: gg ——Dar_4
I 49 ﬁj
S —iy
| 53 ——2a 4 5V
| 55 ——D0WIZ EEEE
1 57 —Da ——arw
| 61 —0UL Nmm,lc;u.:sc,
1 63 D4 R 88 I aaoao
B == F
1 37 ——B4IT melals | 88 ¢
173 —hait EEEE Pari
[ —ricy L arity
17 D .\quiaggh Ut
| 9 —D021 & €9 u17 4
P — =
123 B SEEE [ g8sg *
1 25 —BA24 1 u1e VGe
127 IJZi/gzﬁ J T
H= sdqq [B8ES u13 e
g —Ty ] (Byte 4] DM2212) VSSFE
[ g — nealg | 888
1 56 D00 Ut 1Mb x 4
i oddo [EEEE Uts o202 | EDRAM
162 L 1Mb x
16— ey [E2E8 [Byte 3] DM2202) | EDRAM | -
e s s B uts Mb x4 R
8888 U12 DM2202J EDRAM 2 w g Q _
1Mb x 4 s & 1% o B
1 i @_—ﬂ DM2202J | EDRAM | 2 . | g 9
1 s, u10 1Mb x 4 I B
115 A3 O
116 A DM2202) | EDRAM | 2z ST s
B i Byte 1] i oo
128 F 10_fa7 DM2202J EDRAM 2 w |« J
13 58 1Mb x 4 > =
1% e i S owezoes | EDRAM | 2y |
X & &
i JuR DMo202) | EDRAM | 2 ¢ | 3
1o i g 1Mb x 4 . 5
HpcRa e EDRAM £ RE o
o e
S g |7 o
1 40 —LCAL _@-[CALD
| {CAL . [CALY
§: — o
1 45 +—LCAU LCALP |
1 33 {883
e
110
1
130
1%
™ C10 = C11 C12 2= C13 —=C14 ——C15 == C16 ——C17 —-C18
[P g —
] s — I‘_ I 1 I I I I l
R —
170 —2— ¢

*DM2212 is not present on the DM2M32SJ.
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EDRAM Memory

DM2M36SJ/DM2M32SJ

Pin Descriptions

/REg 5 3 — 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. /RE to bank 0
and bank 1 must be clocked separately and only clocked during
DRAM operations to the selected bank.

/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 2a 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.

/Sg,1 — Chip Select

This input is used to power up the /0 and clock circuitry.
When /8 is high, the EDRAM remains in its low power mode. /S
must be used for bank selection on the 8Mbyte SIMM. /S must
remain active throughout any read or write operation. With the
exception of /F refresh cycles, /RE should never be clocked when /S
is inactive.

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.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 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.

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

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

Capacitance
Description Max* Pins
. . Input Capacitance 130/136pf A
Absolute Maximum Ratings put bapacitanc 07136 0-9
(Beyond Which Permanent Damage Could Result) Input Capacitance 165/180pf A, W/R, /WE, /F
Description Ratings Input Capacitance | 97/100pf | /Sy, /S
Input Voltage (Vi) -7 Input Capacitance 52/55pf | /REg |
Output Voltage (Vour) Al Input Capacitance |  55/65pf | /RE,
P Supply Voltage (V| 1.7
ower Supply Voltage (Vg ) v Input Capacitance 92/92pt IREg
Ambient Operating Temperature (T ) 0~70°C -
Input Capacitance 62/62pf /G
Storage Temperature (Tg) -55 ~ 150°C
—— Input Capacitance 52/55pf /CALgy_3
Static Discharge Voltage 000V
(Per MIL-STD-883 Method 3015) >2000 Input Capacitance 32pf /CALp
Short Gircuit O/P Current (Igyr) 50mA* 1/0 Capacitance 16pf DQg.35
* One output at a time per device; short duration * DM2M32SJ/DM2M36SJ, respectively
AC Test Load and Waveforms Vi Timing Reference Point at Vy and Viy
Load Circuit 5.0V Input Waveforms
Output
R, =295Q C = 50pf GND
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DM2M36SJ/DM2M32SJ EDRAM Memory

Electrical Characteristics

(T4 =0-70°C)
Symhol Parameters Min Max Test Conditions
VCC Supply Voltage 475V 5.25V All Voltages Referenced to Vgg
Viy Input High Voltage 2.4V 6.5V
Vi Input Low Voltage -1.0V 0.8v
Vou Output High Level 2.4V — lout=-5mA
VoL Output Low Level — 0.4V | lgyr=4.2mA
li(w) Input Leakage Current -10pA 10pA 0V <V|y <6.5V, All Other Pins Not Under Test = 0V
o Output Leakage Current -10pA 10pA 0V <V, OV <Vgyt <5.5V

Operating Current — DM2M32SJ

Symhol Operating Current | 33MHz Typ(" -15 Max | -20 Max Test Condition Notes
Icos Random Read 880mA 1800mA | 1440mA | /RE, /CAL, /G and Addresses Cycling: t¢ = t¢ Minimum 2,3
lceo Fast Page Mode Read 520mA 1160mA | 920mA | /CAL, /G and Addresses Cycling: tpg = tpg Minimum 2,4
lces Static Column Read 440mA 880mA | 720mA | /G and Addresses Cycling: tsc = tsg Minimum 2,4
Icca 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
lcos Standby 16mA 16mA 16mA All Control Inputs Stable > Vgg - 0.2V
Igct Average Typical 240mA — — See “Estimating EDRAM Operating Power" Application Note | 1

Operating Current

Operating Current — DM2M36SJ

Symbol Operating Current | 33MHz Typ") -15 Max | -20 Max Test Condition Notes
Ioct Random Read 990mA 2025mA | 1620mA | /RE, /CAL, /G and Addresses Cycling: t¢ = tg Minimum 2,3
lco2 Fast Page Mode Read 585mA 1305mA | 1035mA | /CAL, /G and Addresses Cycling: tpg = tpg Minimum 2,4
lccs | Static Column Read 495mA 990mA | 810mA | /G and Addresses Cycling: tsg = tsc Minimum 2,4
lccs | Random Write 1215mA 1710mA | 1350mA | /RE, /CAL, /WE and Addresses Cycling: t¢ = tc Minimum | 2,3
lccs | FastPage Mode Write | 450mA 1215mA | 945mA | /CAL, /WE and Addresses Cycling: tpg = tpg Minimum 2,4
lccs Standby 18mA 18mA 18mA All Control Inputs Stable > V¢ - 0.2V
Ieet Average Typical 270mA — — See "Estimating EDRAM Operating Power" Application Note | 1

Operating Gurrent

(1) “33MHz Typ” refers to worst case I, expected in a system operating with a 33MHz memory bus. 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 2 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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EDRAM Memory DM2M36SJ/DM2M325J

Switching Characteristics
Discrete devices have been tested from 4.7V to 5.3V V¢ and to 75°C to guarantee SIMM specifications. (Voo = 5V £ 5%, Ty = 0 to 70°C, C;, = 50pf)

-15 -20
Symbol Description o | Max | M W Units
tac! Column Address Access Time 15 20 ns
tacH Column Address Valid to /CAL Inactive (Write Cycle) 15 20 ns
taax Column Address Change to Output Data Invalid 5 5 ns
tasc Column Address Setup Time 5 5 ns
tasr Row Address Setup Time 5 6 ns
tc Row Enable Cycle Time 65 85 ns
to1 Row Enable Cycle Time, Cache Hit (Row=LRR), Read Cycle Only 25 32 ns
toae Column Address Latch Active Time 6 7 ns
toan Column Address Hold Time 0 1 ns
toH 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
toay Column Address Latch High to Data Valid 17 20 ns
toax Column Address Latch Inactive to Data Invalid 5 5 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
toMH Mask Hold Time From Row Enable (Write-Per-Bit) 15 2 ns
toms Mask Setup Time to Row Enable (Write-Per-Bit) 5 6 ns
tps Data Input Setup Time 5 6 ns
teav" Output Enable Access Time 5 6 ns
toax®® | Output Enable to Output Drive Time 0 5 0 6 ns
taaz*? Output Turn-Off Delay From Qutput 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
tpg Column Address Latch Cycle Time 15 20 ns
tpact™ Row Enable Access Time, On a Cache Miss 35 45 ns
tract” Row Enable Access Time, On a Cache Hit (Limit Becomes ta) 17 22 ns
trac2™® |  Row Enable Access Time for a Cache Write Hit 35 45 ns
tRAH Row Address Hold Time 15 2 ns
tre Row Enable Active Time 35 100000 | 45 |100000| ns
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DM2M368J/DM2M32SJ EDRAM Memory

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, Cy, = 50pf)

. -15 -20 .
Symhol Description i | M | i e Units
tREY Row Enable Active Time, Cache Hit (Row=LRR) Read Cycle 10 13 ns
ReF Refresh Period 64 64 ms
trex Output Enable Don't Gare 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
fst Row Enable to Column Address Latch Low For Second Write 40 51 ns
tRwiL Last Write Enable to End of Write 15 20 ns
tse Column Address Cycle Time 15 20 ns
tsyr Select Hold From Row Enable 0 1 ns
tsqu' Chip Select Access Time 15 20 ns
tgax®¥ |  Output Turn-On From Select Low 0 15 0 20 ns
tgqz*® 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
twi Write Enable Inactive Time 5 7 ns
twp Write Enable Active Time 5 7 ns
tway" Data Valid From Write Enable High 15 20 ns
twox®® | Data Output Turn-On From Write Enable High 0 15 0 20 ns
twqz®* | 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 (Following Write Miss) 18 20 ns

(1) Vo Timing Reference Point at 1.5V

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

(3) Minimum Specification is Referenced from Vyy, and Maximum Specification is Referenced from Vy; on Input Control Signal
(4) Parameter Defines Time When Output Achieves Open-Circuit Condition and is Not Referenced to Vi, or Vo

(5) Minimum Specification is Referenced from Vy; and Maximum Specification is Referenced from Vi, on Input Control Signal
(6) Access Parameter Applies When /CAL Has Not Been Asserted Prior to tRacz

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

(8) For Write-Per-Bit Devices, tyyp is Limited By Data Input Setup Time, tpq
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EDRAM Memory DM2M36SJ/DM2M328J

/RE Active Cache Read Hit (Static Column Mode)

-< t |
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- < tusu
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> “_ tusu
_"1’ <~ tupy
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|
—> ‘«— tasr
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_ | Aog -
Agqg X Row >1 Column 1 Column 2 Column 3 Column 4
I
| < g tse tse —>
-—>‘ <— topp ‘ ’ ‘
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“ [< tac —>| < the > [ tae —>' | the >
| tRact >| tax—> <
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DQy.35 Open X Datai Data2 X = ‘ Data3 X X Data4g  b——
! teox —> < teaz aEnn
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’ tshp "" |*_
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Don’t Care or Indeterminate
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DM2M368J/DM2M32SJ

EDRAM Memory

/RE Active Cache Read Hit (Page Mode)
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Don’t Care or Indeterminate
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EDRAM Memory DM2M36SJ/DM2M32SJ

/RE Active Cache Read Miss (Static Column Mode)
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|
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/G |
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DM2M36SJ/DM2M32SJ EDRAM Memory
/RE Active Cache Read Miss (Page Mode)
| tC
' tre \
/REg23 <~ lpp ———>
—> <— tysy
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1
H ’ l | Fe Il |<— teav
/WE 5 . i . L
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teox —> "‘_ “ tshR ’|
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Don't Care or Indeterminate [
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EDRAM Memory DM2M365J/DM2M328J

Burst Write (Hit or Miss) Followed By /RE Inactive Cache Reads

tre
/REg23 i\;
> < tusy l trp >|
<t - P‘ tohR
F_ |
|
—> <— tysy ’
’ ™ ,‘_ L

W/R h

—> < tasn

|
>t ; > toan [
Agg RSW L Mg | | Ao-g
Ag10 Column 1 }< Column2 KX X Column n
tack < taon I '
|<— tasc

to 1< > towe
< toae >

/CALO_S‘P

tpg ! ’ ‘
|I<— twey ——>1 (- tonw

> e tuge twp —>] < <tyo> I
WE A P
| tyg = twen
tos
DQg.35 Open Cache (Column n)
/G

T _tt

—> <— tgop
/8011 |

NOTES: 1. Parity bits DQg 17 56 35 must have mask provided at falling edge of /RE.
2. /G becomes a don’t care after tpy during a write miss.

Don’t Care or Indeterminate []
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DM2M36SJ/DM2M32SJ EDRAM Memory
Page Read/Write During Write Hit Cycle ‘
-<— tC -
' tRe
/REg 23 trp N
> =< tugy
_’l‘ I‘_ tn |<— tow —>
F }\ B X
|
—> <— tMSU I
‘ ™ i‘_ Y
W/R }\—
- ‘|<— tasr
_,I <— tpay Aos —>‘ l(— tae
Ag-10 X Row XX Golumn 1 X Column 2 { Column 3
| e e T
< RSH
trp | I=— tasc _" |
[CALy3 p
' ; < teqy
> <— typp < tow —>1 e |<_ taas
< typ >
/WE | WP |
|< twhr |
<t > > = x| tawL |
_” the < 7 tos '|‘— - < tway
DQy.35 ‘ Read Data Write Data | Read Data l
- "_ tgax > tpy I=<— ’ > =< 15
- < ooz —> < tyox
< tggy > > < tgq
/G
< lgep

:J
I

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 56 55 must have mask provided at falling edge of /RE.
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EDRAM Memory DM2M36SJ/DM2M328J

Write-Per-Bit Cycle (/G = High)

< tre < tpp—>
/RE012‘3 p
-~ o, ——>
RSH
tach
-~ t., ——>
/CALp CAE
—)] ](— tRaH <« thygo —>
- L‘_ tasr > =< lem
|
Ag-10 X_Row X Column X | X
—> <t | t MH
< Ttusu = owL
WR N
| < |
=ty | RWL |
> [ tows <ty
Da Mask 1.>< Data X
‘ tpg = - - ~<— TR
> twee =< oy .
/WE / we g
| twhr
'_)1 L"‘ tun ‘
—> |<— tssr —> <— tgyg
ST \ L
’ 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. Write-per-bit cycle valid only for DM2M36S]J.
3. Write-per-bit waveform applies to parity bits only (DQ&17 26.35)-
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DM2M368J/DM2M328J

EDRAM Memory

Hidden /F Refresh Cycle During Page Mode and Static Column Cache Reads

<— tpe —>

/RE0,2,3 }\;
—> <— sy | trp >|
—-)} r— tyn
/F
T i
W/R
/WE
Ao-g Ao-8 Ao-8 Ao-g Ao-g
Agqo __Adrt Adr2 Adr3 Adr 4 Adr§
< tem —>
tasc =] < < b 7| e < > “—
\L‘_‘—“‘ toag —>
/CALy5p
—> <— teoy | taso —>] | |
ton toox > | =t < tax
DQy.35 Data 1 Data 2 pata3 KN Data 4 pata 51—
< tgox tsoz —>
‘_ tsqy
/501

tooz —> =<—

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, /S must be low.
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EDRAM Memory DM2M36SJ/DM2M32SJ
/RE-Only Refresh
t e
/REg2,3 FE ' N
RP
—> <— tpsR
> < ta
A0.10 Row >< X
_’| < iR - “_ thRrH

/CALg.3 p, WE, /G p ) X
- < tysy

/F X

— |<— tan

- <~ tysy
W/R
- |‘_ tssr
/S04 l

—> < tgp

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

during row address setup and hold times.
2. /RE refresh is write cycle with no /CAL active cycle.

Don't Care or Indeterminate [
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DM2M368J/DM2M32SJ EDRAM Memory

Mechanical Data
72 Pin SIMM Module
4245 (107.82)
Inches (mm) 4.255 (108.08)
Double Side
Mounting 3.984 (101.19) |
— ‘«— 0.133 (3.38) ‘
0123 (3.12)
0.400 oo o o o o o o o oo oo o o
T (10.16) g & o g o a8 83 3 g )/ 0127 3:22)
= 38 = B8 = 8 B8 = ol = [38 = 88 = 88 = / 0.225
0.945 (24.00) HEIELE tIEEIE LB E e 0010 (5.72)
0955 (p426) ~—y— |“DF = B8 = Y = RF SRR IS RE IS RY IS ad =g = RO AR ©
_ | Ut 88 U2 35 U3 (33 u4 |8 Us (88 U6 (3B U7 |38 U8 |38 U9 | ¢ ¢
‘ o o o of o o o o o o o o g o o = YT
| NANNNRRNRRRRRRRRRRRNRRNNRRRANANRAN  RORRRNRRRNRRRNARRRRRRENRRONAEERN ;| Y T [
1 0.050 (1.27) —>| |=<— | 0.040 (1.02) —>||=<— T T T —>| |=<— 0.047 (1.19)
0.042 (1.07) 0,100 0.054 (1.37)
0.245 (6.22) 0.075 (1.90) 0.060 (1.52) (2.54) — ~— 0.365 (9.28)
0.255 (6.48) /7] 0.085 (2.16) 0.064 (1.63) AP:
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-U4, U6-U9, U10-U13, U15-U17 — Ramtron DM2202J-XX, 1M x 4 EDRAMs, 300 Mil SOJ
U5, U14 — Ramtron DM2212J-XX, 1M x 4 EDRAM with Write-Per-Bit (Not presem on DM2M32SJ)
C1-C18 — 0.22yF Chip Capacitors
Socket — Molex 78441-7202 or Equivalent

Part Numbering System
DM2M36SJ - 15
[— Access Time from Cache in Nanoseconds
15ns
20ns
Packaging System

J =300 Mil, Plastic SOJ

Memory Module Configuration
S = SIMM

1/0 Width (Including Parity)
32 = 32 Bits
36=236 Blts

Memory Depth (Megabits)
1M
2M

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 2 Ramtron product, nor does it convey or imply any license under patent or other rights.
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@ EDRAM Design Hints
REMTRON

Application Note

This application note is a collection of design suggestions based  Power Supply
upon common errors made during the development of EDRAM

systems. High speed EDRAM operation can generate high transient.power
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
the +4.75 volt minimum specification during transients. Wire wrap
boards will not normally provide an adequate power bus. Please use
a well designed PC board for both prototype and production systems.

To assure reliable operation of the EDRAM, please initialize
promptly on power-up. This initialization requires eight /F refresh
cycles and two /RE active read cycles per bank to different row
addresses. The /F refresh cycles would normally be performed while
power-up reset is active. The read cycles would typically be executed  Ajr Flow
as part of a system startup program. It will not be possible to read

data properly without initialization. The EDRAM, like other high performance products, can
dissipate a significant amount of heat when operated at its maximum
End Write Cycles With /CAL High random duty cycle (i.e., 65ns /RE cycle time). The heat generated by

the EDRAM, the microprocessor, and other high performance devices
can lead to unreliable operation if no airflow is provided. Since the
microprocessor, memory controller, and memory are all in the
critical timing path, additional airflow for all three may sometimes be

Unlike a standard DRAM, the EDRAM t;, specification requires
that /CAL be brought high before /RE when ending a write cycle to
assure proper write termination.

. advisable. Please use our power application note to better understand

W/R Mode ap eration 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
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. E

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 /S is disabled. The EDRAM cache control logic is
corrupted when this operation occurs.

© 1994 Ramtron International Corporation, 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, 256-byte wide DRAM to
SRAM bus, and write posting register on a single chip. As a result, it
provides a 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 DRAMSs, 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
486DX2 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 ImA
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. The formula for estimating current is (65ns/operating cycle time *
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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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
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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) + 36.

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) + 36.

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 * 46) + 23.

Figure 7. Page Mode Read Current — CMOS Levels
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Figure 5. Page Mode Write 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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] Calculating Actual EDRAM System
Figure 8. Page Mode Read Current — TTL Levels Power Requirements
160 - We can now develop an equation for estimating EDRAM power
140 1= under different system operating conditions. We will use the Intel
g 10 - 486 local bus operation as the basis of this equation. Models
£ 10 n could be easily developed for other processor bus structures using
g &or " . - the same approach.
a Zg i e ey The main memory references on the Intel 486 local bus take
20 L the form of burst read and write cycles. Burst read cycles are used
0 1 | ! 1 | to refill the on-chip primary cache. Write cycles are the result of
0 20 40 60 80 100 | processor write throughs to the bus. Since the 486 system has a
Cycle Time (ns) primary cache, the processor will execute a high percentage of
read operations from the on-chip cache. This fact results in fairly

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.

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

] j times with the 486 processor. During burst read hit cycles, the
Figure 9. Static Column Read Current — CMOS Levels EDRAM memory controller must generate EDRAM addresses and
the cache data must be setup to the processor during each burst
120 cycle. The cache is also idle during the initial T1 cycle which
100 - generates the burst starting address. During a burst read miss, the
T 5l - DRAM is accessed during the initial read cycle and then is idle
§ 60 b [ ] while the remaining burst cycles are accessed from cache. Asa
g [ - result, the duty cycle of DRAM read/write and cache read cycles
8 40r ® w w wm w | will vary by bus clock rate and memory reference type. The table
20 - below summarizes the effective cycle times of the DRAM and cache
0 I I 1 I j portions of the EDRAM for both 25MHz and 33MHz 486 bus
0 20 40 60 80 100 | operation.
Cycle Time (ns)
Effective EDRAM Cycle Times
Clock EDRAM Burst Burst .
The read current for static column operation at TTL levels is Rato Mode Read Miss | Read Hit | Write
shown in Figure 10. The formula for estimating current is 25MHz Random 240ns N/A 80ns
1 £
(35/cycle time * 41) + 29. 25MHz | Page/Static Column |  60ns | 50ns | N/A
33MHz Random 180ns N/A 90ns
Figure 10. ic Golumn —
iure 10. Static Golumn Read Current — ITL Levels 33MHz | Page/Static Column 45ns 37.5ns N/A
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Using these assumptions, we can develop a model for EDRAM

operating current.

% bus idle time * standby current +

% bus active time * % burst reads * % burst read page misses *

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
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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 * 46) + 23 = 50mA
Refresh current = (65/65 * 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 to 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 2 486 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 6mW. A
DM1M36S] 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(IJO 150 200
Current (mA)
Figure 12. EDRAM Current for 25MHz 486 Systems
Peak Write Current 107.00
Peak Read Current 87.00
Operating Current
Standby Current
(Il 5|0 1(|]0 1 éO 200
Current (mA)

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

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

Introduction

The Intel {960 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 2 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 2:1:11 5:2:2:2 2:1:1:1
Burst Read Miss 3:1:14 5:2:2:2 5:2:2:2
Burst Write Hit 3111 4:2:2:2 2111
Burst Write Miss 3:1:11 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.

Figure 2. Intel i960CA/CF System Block Diagram
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EDRAM Controller Design

The objective of this single chip controller design is to support
all i960CA/CF 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 1960 supports the following memory transactions:

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

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

W A, ;; — Address Bus

W BE#, ; — Byte Enables

B ADS# — Address Strobe Signal

B W/R# — Write/Read Mode Signal

B BLAST# — Burst Last Signal

B RDY# — Non-burst Ready Acknowledge Signal
B 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
W MAH, o — Multiplex Address, Bank 2-3
] MALA[() — Bank 0, MA]O

W MALB,, — Bank 1, MA,

W MAHA,, — Bank 2, MA,,

W MAHB,, — Bank 3, MA,,

M /RE, ; — Row Enables for Bank 0-3

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

W /S 3 — Chip Selects for Bank 0-3

W /Gy, — Output Enable for Low/High Banks

W /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 Counter divides the PCLK 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 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, ¢ 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.

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

Fi . EDI ller Bl f
igure 3. EDRAM Controller Block Diagram ADS#, WIRH,
BLAST#,
Ag.o3 BE#y.3 Aos31 PCLK
l \
Last Row Read Refresh Address
(LRR) Register Logic Decoder
Burst Address
Generator \
Hit/Miss
r Comparator
Address .
Multiplexer State Machine <!
l l l Y
MALg.19 MAHg.10 EDRAM Processor
Control Control
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upper bits (MA,_g) are identical to the column
address.

The Address Decoder decodes the address bits
(Ag431) to determine if a valid memory address is
present. The EDRAM memory is enabled for memory
transactions in the lower 16Mbyte address range in
this example. I/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 Resetd# 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
final sequence for bus events:

End of Burst

End of Burst

End of Burst

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, g, MAH,5),
output enable (/G ), chip select (/S,_;) to the
EDRAM, and RDY# acknowledge to the processor
during R2. All control signals are available t;q;
after the rising edge of the processor clock.

W Burst Read Hit 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, a

Figure 4. i960CA/CF State Machine
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new burst address is output to the EDRAM at ;.

Output enable, chip select, and the RDY# 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,y.,,), read
mode (W/R low), and chip select (/Sy3) are presented to the
EDRAM. The /RE signal for the selected EDRAM bank is clocked
teo1a 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 RS. 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.

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 5
outputs to enable the correct bytes of memory. The state
machine selects the row address (MALg_;4, MAH, ), write
mode (W/R high), and appropriate chip select (/S ) signals to
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the EDRAM during W1. /RE is enabled t.,, after the beginning
of W1. The column address is output at g of W2. The /WE and
/CAL outputs for the selected bytes are enabled at t,,, 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 — If 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, /E, /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 1960CA/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 16Mbytes 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
ons |s0ns 100ns r‘1 50ns ;200ns
| ! ‘ [ o P
STATE 1 X R1 X R2 X R3 X R4 X R5 X 11 X
PCLK /= \ / \ / \ / \ / \ / \ / / '
1i960:t3 » i960:t3 > ‘ i | . 9603 >
ADS# { G SRR ‘ | Nmmaa,
1 1960:t1 | ‘ ‘ »i960:t1
A31:2] - ! YR
| 96044 | i 1 " 96044 >
WR# NEEER | 1 i ‘ T
i i960:16~!>! i : | 960:16 i
BLAST# Sy ‘ ; ‘ “ ¥ |
| »tCO1s : 1 i
READY# } ! 1 i
1 | mce wc | mc |
! ‘* »tAQX ‘ | »taQx | ftaax; | =t6Qz
D[31:0] i o Datat | Y Data2! MEEEK Datas, @ Data 4 K |
‘ »1CO1s I s1cots ~1CO1s | dicots I icots . mtcofs
MA[10:0] i Row X Col1 . X Col2 X colz X Cola | X
»1COta | Micota | ; |
/RE ‘ / P
‘ »1C01s | j/tcojrs
W/R ‘ . . Ly
P
~1CO1s  »1COf1s
1G | - - B / i
' (2"PD) »
s - )
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
1960:t4 3 18 PCLK to W/R# Output Valid Delay
i960:16 5 16 PCLK to BLAST# and WAIT# Output Valid Delay
1960: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
1GAX 0 5 Output Enable to Output Drive Time
tGQzZ 0 5 Output Turn Off Delay From Qutput Disabled
tRAC 35 Row Enable Access Time, On a Cache Miss
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Word Burst Read Hit
‘Ons 50ns ‘100ns ‘150ns
[ ! ! ! I I [ ! I [ [ I i
STATE " X R2 R3 R4 R5 o X

PCLK / / \ N SN '
- I o 7 ﬂ}f——ieeo:ts—ﬁ

ADS# | X

AB12] |

W/R# |

BLAST# B T e, Y A
-—+{tCO1s
READY# \ ) I T
tAC -‘ tAC » tAC -’ tAC -‘
1GaxX l -/ tAQX | | —»{tAQX » tAQX 5QZ
DI31:0] Data 1 ’  — DaLT,z R Data3 | @EEKDatad )@
~-»1CO1s tCO1s - »1CO1s
MA[10:0] Colt X Gz ., X G X _ Colsa T
‘ 1CO1s
W/R ‘ } R
tCO1s
G ) B
(2*tPD) (2*tPD) -
s ¢ Vo4
Parameter Tahle
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
i960:16 5 16 PCLK to BLAST# and WAIT# Output Valid Delay
1960:t11 3 16 PCLK to D(31:0) Output Valid Delay
i960:tOF 3 22 PCLK to ALL SIGNALS Qutput 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 I/0 to Output Valid
tAC 15 Column Address Access Time
1GQX 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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Word Burst Write
IOns ‘50ns l100ns ]150ns 200ns
I i | I i i | | ! 1
STATE w3 X w4 X w5 X " X
PCLK / A\ /N / \ / \ / N
i | | |
| A O B
| I
A[31:2] % . , s :
1 .
W/R# ‘ | i ;
[ . i )
1960:16%/
BLAST# l ‘f@
READY# \
11960 t11 +i960:t11 i960:t11}  i960:tOF »]
D[31:0] G5 Data2 | YS90 Daa3 W@» Data 4 | XEEFEED
»1CO1s | sicots »1COTs Htcots -{tCO1 J1Cots
MA[10:0] — X Row X w Col1 X | Col2 X col3 [CoM
*1CO1a ‘\ *>1CO1a
/RE “i \ i ’ /
) tCOts " ; —»ltcots
wR ‘ — T N
n“o1a L ~-‘t301a —1: O1a -~ —»tCO1a
‘ »tCO1d »tCO1d — »tCO1d -{lCO1d
/CAL[3:0] \ /PN TN / VAR
———1CO1a ——‘ Ota -M:m *{CO1a
ﬂtcow + L—ltco1d L-ltcotd | '~ +{tcOo1d
/IWE T N /N /L / 0\ /
s ) L
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
i960:14 3 18 PCLK to W/R# Output Valid Delay
i960:16 5 16 PCLK to BLAST# and WAIT# Output Valid Delay
i960:t11 3 16 PCLK to D(31:0) Output Valid Delay
i960:t10F 3 22 PCLK to ALL SIGNALS Output Float Delay
tCO1s 6 CLK to Qutput Valid (Synchronous)
tCO1d 8 CLK to Output Valid (Delayed)
tCO1a 12 CLK to Output Valid (Asynchronous)
tPD 10 Input or 1/0 to Qutput Valid
tAC 15 Column Address Access Time
1GQX 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

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 Wiait States During Burst Read Hit and Write Cycles
B Only One Wait State During a Burst Read Miss Cycle
m Single Chip FPGA-based Controller Solution

Introduction

The Intel 486DX2 microprocessor is the most popular
microprocessor for high performance personal computer
applications. The 486DX2 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. 486DX2 processors are available in 50 or 66MHz
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 CGontroller For Intel 486DX2
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 2 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 5:2:2:2 2:1:1:1
Burst Read Miss KARN 5:2:2:2 5:2:2:2
Write Hit 2 4 2
Write 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).

Figure 2. 486DX2-66 System Block Diagram

Clock Address (_%3_‘>
Oscillator i Buffer
) v
Reset
Aps1, BEFpg
< M/I0#, W/R#, BLAST#
< RDY# BROY#
el Y T YV Opti
nte . SDg.
sgeDxe | DSt ] I T e
Processor KEN# ¢ OptiKEN# Adapter
'\E/IDRAM ouT,
emory <
Controlller < HLDA
(Inte MEMR#, MEMW#
P |« MEMR#, MEMW# |
FX780) LDEVE
Y ¢ A
Do-15 v
4-16Mbyte . Diga1 Data Bus
EDRAM Buffer
Main Memory ¢
Doat

© 1993 Ramtron International Corporation, 1850 Ramtron Drive, Colorado Springs, CO 80921
Telephone (800) 545-DRAM, (719) 481-7000; Fax (719) 488-9095 R1111293
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EDRAM Memory

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 66MHz 486DX2

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
W 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:

M A, 3, — Address Bus

W BE#; ; — Byte Enables

W M/I0# — Memory/I/0 Mode Signal

B W/R# — Write/Read Mode Signal

W ADS# — Address Strobe Signal

M BLAST# — Burst Last Signal

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

B KEN# — Cache Enable Signal

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

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

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

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

W MAL o — Multiplex Address, Bank 0-1

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

| ] MALAIO — Bank 0, MA]()

W MALB,, — Bank 1, MA,,

W MAHA,, — Bank 2, MA,,

W MAHB,, — Bank 3, MA,,

M /RE0-3 — Row Enables for Bank 0-3

W /CALo-3 — Column Address Latch Inputs for Bytes 0-3
W W/R,, — Write/Read Mode Input for Low/High Banks
M /F; — Refresh Mode Input for Low/High Banks

W /S5 — Chip Selects for Bank 0-3

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

W /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,
Ag.o3 ouT, MEMW#, Reset M/10# CLK

v v Vv
Last Row Read Refresh Address
(LRR) Register Logic Decoder

Burst Address
Generator
Hit/Miss
Comparator
l Y Y
Address State Machine <
Multiplexer
l l v l l‘
MALg.10 MAHg-19 EDRAM Processor Opti 495SLC

Control Control Control
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82(206 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.

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 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 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,_g) are identical to the
column address.

The Address Decoder decodes the address bits
(A.23, Asp) and the M/I0# mode bit to determine if 2
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:

M 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
Reset is high. The required two read miss cycles
per bank EDRAM initialization should be
implemented in the software startup routine in the

Figure 4. 486DX2 State Machine

Reset Sequence

No Event
(Bus or Refresh)

Write

w1

@z

11/‘

Refresh Read
Miss

R1

Burst

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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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
(MALy g, MAH, ¢), output enable (/Gy_;), and the appropriate
chip select (/S.3) to the EDRAM, and the BRDY# acknowledge
to the processor during R2. All control signals are available ;g
after the rising edge of the processor clock. The 495SLC is
inhibited by driving LDEV# and disabling OptiADS# during
EDRAM cycles.
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EDRAM Memory

M Burst Read Hit 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 a new burst address is output to the EDRAM at t.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.

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_;y, MAH,, o), read
mode (W/R low), and chip select (/S ;) are presented to the
EDRAM. The /RE signal for the selected EDRAM bank is clocked
too1a 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 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 — 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 RS. During each
state a new burst address is output to the EDRAM at ), 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.

M 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 5
outputs to enable the correct bytes of memory. The state
machine selects the row address (MALy_;o, 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 — 1f 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 tgy,,
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 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 a W/R, /E, /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 hit, burst read miss, and write timing
sequences demonstrate the timing of the EDRAM controller in 2
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 486DX2 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

1100ns [150ns
| !
| i ! i '

R3 X R4 X R5 X "
\ / \ / \ / \ / N

i
3
)
J |
! |
| |
1 1 ‘
l \
- | “ (2tPD) - »
KEN# ~— | N | gy
‘ »i486:18a >[ i486:18a
BLAST# “ ] V=
[ 1AC o | 1AC » i tAC ! | tAC )
- ltGax | | tAQX Ll saax | - +tAQX | Rl clerd
D[31:0] FNE  Data1 R Data? N Daa a]‘ R Datad ¥
|
~+1cots " »ltcots I Jicots = 1CO1s
MA[10:0] o a( Col 1 X Col 2 col3 X |Col4
1CO1s »'ycom
W/R . T (L
»tCO1s 4tCO1s
G A e / oo
L—(2tPD)—> i - (2tPD)—
/- \ I D o
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
i486:18a 3 14 BLAST#, PLOCK# Valid Delay
i486:110 3 14 D(31:0), DP(3:0) Write Data Valid Delay
i486:111 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
1GOX 0 5 Output Enable to Output Drive Time
tGQzZ 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
Ons l50ns 100ns [150ns 200ns
| i | I | | | I I | i | i | | i |
STATE it X Ri. X R X  R3 R4 X R X X
CLK o - s -
| 1486:16 —»i486:t6 '
ADS# | @R
— +|i486:16
W/R# |
L———]i486:16
A31:2]
[ —CO2s-%
RDY# l - o
ﬁcozsﬁ —CO2s 4|
BRDY# ' I 1 /R
—{(2'tPD); +! ' ‘ —2"PD) !
KEN# T
BLAST# . - -
~tRAC-- ;" ‘ ’A
1GQX l tAQX tAOX
ool | S e H%P-L%
—tCO1s > 1CO1s Itcms tCOTs
MA[10:0] X fRow | X __Col1_ i X co2  X__ co3 X . Col4 |
+tCO1a ——»{tCO1a
RE [ R A B -
»tCO1s s
W/R | B i
L—v tCO1s s
/G T R R Y A
(2tPD) | L (2PD)
s -
Parameter Table
Name Min Max Comment
i486.16 3 14 A(31:2), PWT, PCD, BE#(3:0), M/I0#, D/C#, W/R#, ADS#, LOCK#, FERR#, BRGE#, HLDA Valid Delay
i486:18a 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 Golumn Address Valid to Output Turn On
tGOX 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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One Word Write Timing
|0ns 25ns 50ns i75ns ‘100ns [125ns
| i | | | | | | | | | | | | | | | | N |
STATE 0 X w1 X w2 X T G
CLK /™ 7\ / \ / A\ / h / A
ADS# { :
~ i486:t6 |
W/R# \ / :
A31:4] T i l
—~1C02s - —1C02s H |
RDY# ~— 1/ l
i486:110 > i486:411 |
D[31:0] b i Data SR N \ -
+tCO1s »{tCOts | J *tCO1s
MA[10:0] - X Row R - SN D G L A
tCOta | i —{CO1a
RE |—— . 1e01a B ] T N B
-——+tCO1s L —ftcots
W/R -
~~~~~~~~~~ tcoza - |
{CO2s ] o
[CAL[3:0] I
- -—»{tCO1s ——1CO1s
/WE T T I - Y2 P
s - - R
Parameter Table
Name Min Max Comment
i486.16 3 14 A(31:2), PWT, PCD, BE#(3:0), M/I0#, D/C#, W/R#, ADS#, LOCK#, FERR#, BRGE#, HLDA Valid Delay
i486:18a 3 14 BLAST#, PLOCK# Valid Delay
i486:t10 3 14 D(31:0), DP(3:0) Write Data Valid Delay
i486:111 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 Gombinational 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
tGAX [1} 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

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
68040 systems.

W No Wait States During Burst Read Hit and Write Cycles
M 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 to
be performed in zero wait states. When a read request misses the
EDRAM'’s on-chip SRAM cache, the EDRAM can load a new page into

EDRAM Controller For Motorola 68040
25MHz & 33MHz Microprocessors

Application 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 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
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: 7:2:2:2 3:2:2:2/7:2:2:2*
Burst Write Hit 2:1:1:1 3:2:2:2 2:1:1:1
Burst Write Miss 2:1:1:1 6:2:2:2 3:2:2:2/6:2:2:2*
*DRAM Page Hiv/Miss Cycles

Ramtron’s EDRAM can be interfaced to 2 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
note will describe the 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
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© 1994 I ional C: fon, 1850 Ramtron Drive, Colorado Springs, CO 80921
Telephone (800) 545-DRAM, (719) 481-7000; Fax (719) 488-9095 R1012594
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EDRAM Memory

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:

W Single Byte/Word/Long Word Read
W Single Byte/Word/Long Word Write
M Four Long Word Burst Read
W Four Long Word Burst Write

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

W A ;; — Address Bus

W TT, , — Transfer Type

W TM, , — Transfer Mode

W SIZ, ; — Transfer Size

B R/W — Read/Write

M /TS — Transfer Start

B /TA — Transfer Acknowledge
B /TCI — Transfer Cache Inhibit
B /RSTI — Reset In

W BCLK — Bus Clock (1X)

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

W MAL) g — Multiplexed Address, Bank 0-1

W MAH,  — Multiplexed Address, Bank 2-3

W MALA,;, — Bank 0 A10

W MALB,, — Bank 1 A10

W MAHA,, — Bank 2 A10

W /RE, ; — Row Enables for Bank 0-3

W /CALy 5 — Column Address Latch Inputs for Bytes 0-3
W W/R)., — Write/Read Mode Input for Low/High Banks
M /¥, ; — Refresh Mode Input for Low/High Banks

W /S 5 — Chip Selects for Bank 0-3

M /Gy, — Output Enable for Low/High Banks

M /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 62psec 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
sequence.

Figure 3. EDRAM Controller Block Diagram

TTo-1, SIZg-1, Azg-31,
A2.23 BCLK R/W, A0.1 TMO.3
l Y y

Last Row Read Refresh Address

(LRR) Register Counter Decoder
Burst Address
Generator
Hit/Miss
Comparator
i Y v
Address State Machine <
Multiplexer
MALg.qg  MALHg.1o EDRAM Processor
Control Control
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The Address Multiplexer selects either 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. Reset

The Burst Address Generator increments the
lower two multiplexed address bits (MA,_;) using the l J l(\lé)ulsév:rné etesh
mod-4 linear wrap sequence used during 68040 cache / ’1

fill cycles. The upper bits (MA,_g) are identical to the Write 2
column address. Refresh Read
The Address Decoder decodes the upper \ Miss

address bits (Ay4.51) and the transfer mode bits (TM,),) - i
to determine if a valid memory address is present. <W1>
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:

F1 R1

w3

B Reset Sequence — When the /RSTI input is low, the
processor is in its reset state. The EDRAM controller wa
initializes the controller logic and then enables Burst Mode
refresh cycles. The controller will perform at least
eight /F refresh cycles while /RSTI is low to initialize
the EDRAM. When /RSTI 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 memory 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 g, MAH, g),
output enable (/Gy_;), and chip select (/S ;) to the
EDRAM and the transfer acknowledge (/TA) to the
processor at t; of R3.

Not Read
Hit

M Burst Read Hit Sequence — If the transfer mode
specifies a 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., R5, W Burst Read Miss Sequence — If the transfer mode specifies a

RO, etc.), a new burst address is output to the EDRAM at tg . four long word burst, the state machine will continue from state
The output enable, chip select, and transfer acknowledge remain R4 to the burst read sequence R5 through R10. During each pair
valid. of states (i.e., R5, R6, etc.), a new burst address is output to the
W Read Miss Sequence — When a read miss is detected, the state EDRAM at {goqs. Th? output enable, chip select, and transfer
acknowledge remain valid.

machine will perform an /RE active long word read from the
EDRAM. During R1, the row address (MAL,_;, MAH, o), read B Write Sequence — A single write cycle is performed. The size of

mode (W/R low), and chip select (/S ;) are presented to the the write (byte, word, long word) is decoded from the two lower
EDRAM at tey,s. The /RE signal to the selected EDRAM bank is address bits (Ay.;) and the SIZ,  inputs. The state machine
clocked to initiate 2 DRAM row access at tg,,. This access will activates the appropriate /CALy 5 outputs to write the correct
transfer the new row to SRAM cache. During R3, the column bytes of memory. The state machine selects the row address
address and output enable are output to read the cache location (MALg.,, MAH,_1), write mode (W/R high), and appropriate
and /TA acknowledges the access at teg,. chip select (/S,_3) signals to the EDRAM at te,, of W1. The
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transfer acknowledge is enabled during W1 to signify a zero-
wait-state write. /RE is enabled at to,,,. The column address is
selected at t(;, during W2. The /CAL outputs for the selected
bytes and the /WE output are enabled to initiate the write cycle at
tco1a 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.

B 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, W6, etc.), 2 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 te;, 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 I1 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
'ons 50ns 1100ns 1150ns
| | i | ! | ! ! | [ ! i | i | |
State [ X_ 12 X R X R4 X R X R6e X R7 X R X R X RO X n X 12 |
BOLK / N\ / / \ / \ / \ / \ /
POK N/ N\ / N / N/ N/ N/ N/ N/ N/ N S N /N
—M68040:11 i 1 |

|
|
e | EEw | | | |
TS# | i
i \ ~ 1COts
o | | |
--M68040:1 1] i ‘ \ M68040:11 +
As10) [ 1 \ Addreds | s |
! tAc . #c e o ; ac
3 » 1GQX | smox Qx| L x| i 160z
D[31:0] ————— | \ (::-< D?xaoi K SRR DT‘nazf K X DataF }::)
i | icots "~ icots | ticots ' icots bl
mA[100) [ 1 X Col 0 X Col 1 X Col 2 X Col 3
10015 ‘
WR | * ‘
- »1CO1s =tcots
/G /
tPD |
/5 ’
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)
tCco1d 8 CLK to Output Valid (Delayed)
tCO1a 12 CLK to Output Valid (Asynchronous)
tPD 10 Input or I/0 to Output Valid
tAC 15 Column Address Access Time
tAQX 5 Column Address Valid to Output Invalid .
tGQX 0 5 Qutput Enable to. Output Drive Time
t6QZ 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
ons 50ns 100ns 150ns 1200ns
I | | | I i | i | 1 | | | | | | ‘ |
State [ 1 2 Ri_ X_R2 R3_ X R4 R5 X__Re X_R7_ _X_Re__X__R9 X R0 2
BCLK - - - o o
NN NN N\
-——»| M68040:12
loobebte | ol _ N
» 1CO1s
Y |
: e e I
A31:0] [ T Addreéss | B
RAC- - -~ j
1GOX tAC tAC
‘ -‘rmc l -‘IAOXT ,,,,4,,;0,("
Dj31:0] Déta 0 ,,_(,,,,%L,J,,)-( D,
- tCOts -ttCOIs L—» (CO1s
magoo] [~ 1T T Row Cold | X a1 X Cai2
1CO1a tCO1a¥|
e “Ola
—{tCO1s
WR | \ 7 -
L 1CO1s > tCO1s
/G \ ) : S /
tPD+] tPD ¥
s B 7
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)
tCOo1d 8 CLK to Output Valid (Delayed)
tCO1a 12 CLK to Output Valid (Asynchronous)
tPD 10 Input or I/0 to Output Valid
tAC 15 Column Address Access Time
tAQX 5 Column Address Valid to Qutput Invalid
tGAX 0 5 Output Enable to Output Drive Time
t1GQZ 0 5 Qutput Turn-off Delay From Qutput Disabled
tRAC 35 Row Enable Access Time, On a Cache Miss
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Burst Write
Ons 50ns 1100ns 1150ns
I | | I | | | | | | | | | | | | | I
Sate [ 1 X2 X wi X w2 X w3 X ws X ws X we X wr X w8 X we X wwo |
BCLK / \ / \ / \ / \ / \ /
PCLK foN /N /N /N /N /N /N /N NN
Lo ‘ b I : M68040:11-
AW ] co AT
ol es040:12
TS# 2
- 1COTts | |
T TN o
ABLO] [ | | Address
| M68040:18 > ‘ ! a8 o | weboaots o
ppsto] ———- | TR patad  XTTETTX L Datat T |
\ S1cots | wicots| »icots | U vicors !
T — j | X Row )X Colo X Col 1 X: Col 2 X; . Col3 | i
icota » ‘ ‘ : 1cota »
WR 1 /" : ‘ ! ' \
( +fcots ‘ } : ! : » 1CO1s
/RE B \; ) ‘ | } o Yo
! nrcms; »COTs | 5:0013‘ »{CO1s -~ »tCOTs ™ {COTs | »tCOTs | —Aicon
oA ; I N (2 B A
| Coetcots | ~1COTs  »1COts - wiCOTs -{rco1s3 »1CO1s = »{tCOTs gr——ujcow_r\
MWE 3 \ /o \ /N / oo/
‘ ' ~tPD-+]
/8 T N - o Y A
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 Output Valid (Delayed)
tCO1a 12 CLK to Output Valid (Asynchronous)
tPD 10 Input or I/0 to Output Valid
tAC 15 Column Address Access Time
tAQX 5 Column Address Valid to Output Invalid
1GAX 0 5 Output Enable to Output Drive Time
1GQZ 0 5 Qutput 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 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.

W No Wait States During Burst Read Hit or Write Cycles
M Only One Wait State During Burst Read Miss Cycles
o 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:

M R3041 — 1Kbyte Instruction, 512Byte Data Cache

® R3051 — 4Kbyte Instruction, 2Kbyte Data Cache

M R3052 — 8Kbyte Instruction, 2Kbyte Data Cache

B R3081 — 16Kbyte Instruction, 4Kbyte Data Cache, Floating Point
Coprocessor

These processors use 2 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
to support the R3051 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-

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 33MHz 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 Hit 2:1:1:1 4:2:2:2 4:1:111
Burst Read Miss 3111 4:2:2:2 4:1:1:1
Write 2 3 3

A single 132-pin Intel iFX780-10 FPGA can interface 4-16Mbytes
of Ramtron EDRAM main memory to a 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 modules (15ns or 20ns version). The
design will also work with 16 or 20MHz versions of the R3041. This

Figure 2. IDT R3051 System Block Diagram

Clock
Oscillator

v

Reset#

Ao

ALE, RD#, WR#, Burst#, DataEn#

| < RACEn#, Ack#

SysClk# >
R3051 ¢ L System
Processor 1/0

EDRAM
Ay31, BE#gs Memory

Controller

(Intel
iFX780-10)

v

4-16Mbyte
EDRAM

Main Memory

DataEn#

!

ADo-31

© 1994 it Ci
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R1012094
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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:

W Single 32-bit Reads
W Four 32-bit Reads
W 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,, 5, — Address/Data Bus

B Ay ; — Low Address

B ALE — Address Latch Enable

M RD# — Read Enable

W WR# — Write Enable

M Burst#/WrNEAR — Burst Enable/Write Page Flag
M RACEn# — Read Buffer Clock Enable

W Ack# — Acknowledge

M Reset#— Processor Reset

W SysClk# — System Clock Output

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

B MAL, o — Multiplex Address, Bank 0-1

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

u MALAIO — Bank 0, AIO

| ] MALBlo — Bank 1, Al()

W MAHA, — Bank 2, A,

W MAHB,, — Bank 3, A;,

M /RE, ; — Row Enables for Bank 0-3

W /CALy ; — Column Address Latch Inputs for Bytes 0-3
M /F,.; — Refresh Mode Input for Low/High Banks

B W/R,,; — Write/Read Mode Input for Low/High Banks
W /S5 — Chip Selects for Bank 0-3

W /WE,, — Write Enable 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 SysClki# 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

ALE, RD#, WR#,
Burst#/WrNEAR,
Apoo BE#j.3 Arz.31 SysClk#
v r R’
Last Row Read Refresh Address
(LRR) Register Counter Decoder
Burst Address
Generator
Hit/Miss
Comparator
i A
Address .
Multiplexer State Machine <
l l 4 4
MALg-1g MAHg-1g EDRAM RdCEn#,
Control Ack#
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multiplex address output busses are used for MA 4 to i .
limit the capacitance driven by the FPGA. In the ca;)e Figure 4. R3051 State Machine
of MA,, individual output pins are used for each
bank of memory due to the high input capacitance of Reset Sequence
this address line. The use of multiple outputs limits l -
the clock to output delay to 8ns to achieve the goal of ?‘E;’ug":r”& efresh)
zero-wait-state operation at 33MHz. n <

The Burst Address Generator increments the Write
lower two multiplexed address bits (MA,_;) using the R‘é;?g:,}
linear burst sequence used during R3051 cache fill )
cycles. The upper bits (MA,_g) are identical to the @1
column address.

The Address Decoder decodes the address bits
(Ag3.31) to determine if a valid memory address is
present. The EDRAM memory is enabled for memory
transactions in the lower 16Mbyte address range in X Read

this example. I/0 and other memory devices are w?—‘
No
Read
Hit or
Page
Write

presumed to be mapped into the remaining address
space.

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

Burst

W Reset Sequence — When the Reset# input is low, gﬁm
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 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: v v

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, g, MAH,, ) and W Read Miss Sequence — When a read miss is detected, the state
the appropriate chip select (/S ;) to the EDRAM, and the machine will perform an /RE active 32-bit read from the
RACEn# and Ack# acknowledges to the processor during R2. All EDRAM. During R1, the row address (MAL_;,, MAH,.;o) and
control signals are available t, after the falling edge of the chip select (/S.5) are presented to the EDRAM. The /RE signal

system cloFk. The processor enables data onto the address/data for the selected EDRAM bank is clocked tg, , after R1 to initiate
bus using its DataEni# output. a DRAM row access. This access will transfer the new row to

W Burst Read Hit Sequence — 1f the Burst# is low, the state SRAM cache. During R2, the column address is presented to
machine will continue from state R2 to the burst read sequence read the cache location, and the RACEn# and Ack#
R3 through R5. During each state a new burst address is output acknowledges are generated to the processor to acknowledge
to the EDRAM at t,, after the clock. The chip select and the access. The processor enables data onto the address/data
RACEn# outputs and processor DataEn# remain valid. bus using its DataEn# output.
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B Burst Read Miss Sequence — If the Burst# is low, the state
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¢; after the clock. The chip select and
RACEn# outputs and processor DataEn# remain valid.

B Write Sequence — An /RE active single write cycle is
performed. The bytes written are determined by the BE# 5
inputs placed on the AD, 5, bus during address output time. The
state machine activates the appropriate /CAL 5 outputs to enable
the correct bytes of memory. The state machine selects the row
address (MAL, 1o, MAH,_;,) and appropriate chip select (/Sy.3)
signals to the EDRAM and the Ack# acknowledge to the
processor during W1. /RE is enabled ty, after the beginning of
W1. The column address is selected at tgo, 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 I1 to insert a wait state while the EDRAM precharge occurs.

W Refresh — 1f 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 teo,,
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
/CALy 5 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 2 33MHz R3051 system with
the 15ns version of the EDRAM. The same design will work at 16,
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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EDRAM Memory EDRAM Controller For IDT R3051 Microprocessors

Single-Word Read Hit
lons 125ns 150ns 175ns
| | | I | | ! | | I ! | |
STATE [ m_ X R2 X n X
SysClk ) \ / \ / \ /
> R3051:18 | 305119 ‘ } » R3051:18 i »R3051:49
ALE b E |/ ‘
L Y Raosttr
/Burst R \ ;
~1CO1d ¥ tcotd » 1 i
/RACEn | T T \ / }
I
tcotd » tCO1d > |
/Ack R / ‘ i
| Ras1:116  Rastts
Addzz) W Word Address \ ‘
; tAC | 1
~ R3051:17 | R3051:18 > - tegp( ‘ l » R3051:17 | R3051:118 »
Ao I Addr Ly Data o Addr )
! i ‘
i 1COts™ | 1015+
MA[10:0] - X Col i X
/RE ‘ T -
R3051:t11 > > R3051:t15 +——R3051:t11——»
/DataEn, /G \ I
» R3051:t7 ——-»R3051:t15 |- » R3051:t7
/Rd B VA I
—CO1s] —CO1s¥
WR | B A o
—CO1s¥ ~CO1s¥
s \ o B B /
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 3 ALE Negated From SysClk Falling
R3051:t11 13 DataEn# Asserted From SysClk Falling
R3051:t15 5 Wr#, Rd#, DataEn#, Burst#/WrNear# Negated From SysClk Falling
R3051:t16 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
tCO1s 6 CLK to Qutput 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
tGOX 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

2-155



EDRAM Controller For IDT R3051 Microprocessors EDRAM Memory
Single-Word Read Miss
ons rz5ns {5ans 75ns 100ns
T i [ I [
STATE n X R1 —X B R2 " N o
SysChk N\ /] N\ / O\ /
> R3051:8 > R3051:19 ~» R3051:18 | —> R3051:19
AE| /T T\ ) - - A
» R3051:t7
/Burst |
-CO1d> ~1CO1d>
/RdCEn o . S
~tCOTd 1CO1d¥
Ack T Ty o
» R3051:t16 - R3051:t16
Addfzz) X ""Word Address D o
RAC
‘ tAC - -
-» R3051:t7 » R3051:118 ¥ 1GQ, - »R3051:t7 |- R3051.
AD31:0] Add ) Data - Adde )
»icors| > 1CO1s »1COts
maioo) [T X | Rw X
tCota ]
/RE
R3051:t11 R3051:t15 —R3051:t11-»|
/DataEn, /G \ ! \
ol R3051:t7 —»{Raosttis |+ R305TA7
MRd o - B i T
»1CO1s - 1COots
wR [ \ |
»tCOTs » tCO1s
/s \
Parameter Table
Name Min Max Gomment
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 SysClIk Falling
R3051:111 13 DataEn# Asserted From SysClk Falling
R3051:t15 Wr#, Rd#, DataEn#, Burst#/WrNear# Negated From SysClk Falling
R3051:t116 5 Addr(3:2) Valid From SysClk
R3051:118 9 A/D Tri-state From SysClk Falling
R3051:t19 10 SysClk Falling to Data Out
tCO1s 6 CLK to Output Valid (Synchronous)
tCO1d 8 CLK to Output 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 Column Address Valid to Output Turn-on
tGAX 0 5 Output Enable to Output Drive Time
1GQZ 0 5 Output Turn-off Delay From Output Disabled
tRAC 35 Row Enable Access Time, On a Cache Miss
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EDRAM Memory EDRAM Controller For IDT R3051 Microprocessors
Quad-Word Read Hit
JOns |50ns |100ns ‘150ns
I [ i [ { i ! I i [ [ [ i | I i
STATE n X R X R3 X R4 X RS X 1 X
SysClk \ / \ / \ / \ / \ o/ \ /
] R3051:18“ > R3051:19 » R3051:t8-# R30571:19
ALE | /T I\ .
| ‘
b ! » R3051:t7
> R3051:t7 » R3051:115|
MBurst | N\ | o / \
—»{tCO1d > (COfd
/RACEN 7
——{tcotd »tcotd :
/Ack \ / ‘
| R3051:t16 -+ R3051:t16 -+ R3051:t16 -+ R3051:116 » R3051:t16
Adaz2) X o0 X o X 10 1 X
-‘ R3051:118 ‘ —‘ R3051:47
> R3051:t7 tAC ¥ C71e)¢ Y4
Anpsto] K Addr } B ord j A wodt K  wod2 N Word3 ( Addr )
~ (Cots 1cots : *1CO1s
MA[10:0] X colo X Col 1 X clz ¥ R —
/RE - 3 .\ T
» R3051:t11 > R3051415 F——lF
/DataEn, /G B - o/ ) \
ﬂ R3051:47
» R3051:t7 » R3051:115
/Rd /N
- {COT1s ‘, » 1001s
WiR S o /T
»1CO1s > tCOts
/s /
Parameter Table
Name Min Max Comment
R3051:t7 4 Wr#, Rd#, Burst#/WrNear#, A/D Valid From SysCIk Rising
R3051:t8 3 ALE Asserted From SysClk Rising
R3051:19 3 ALE Negated From SysClk Falling
R3051:t11 13 DataEn# 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
R3051:118 9 A/D Tri-state From SysClk Falling
R3051:119 10 SysClk Falling to Data Out
tCO1s 6 CLK to Qutput 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
tGQX 0 5 Output Enable to Output Drive Time
tGOZ 0 5 Output Turn-off Delay From Output Disabled
tRAC 35 Row Enable Access Time, On a Cache Miss

2-157




EDRAM Controller For IDT R3051 Microprocessors EDRAM Memory
Quad-Word Read Miss
ons 50ns |100ns 150ns 200ns
| | | I |
STATE [ n X Rt X m X R3 X . R X RS X m X__
SysClk 1 N \ / \ / A \ / \ / \
|+ Ravst19 | >/ Raos1.1
> R3051:48 | ' R3051:18 |
ALE | / \ AN
i » R3051:47
| » R3051:t7 » R3051:115
/Burst |\ | | i VEEN
i | | tcord ¥ 1cotd
/RACEN | - R
> 1CO1d » tCO1d
/Ack |
» Haosﬁ::ns | | »| R3051:t16 » R3051:116 » R3051:t16 | R3051:116
Add3:2] | X i wi X 01 X o' ) ' A | .
| 1RAC »
 Ra0s1.118 tAC » | Y R3os17
»R305147 | | | peEex | ™ AQX » 1GQZ
AD310] [l A o) | G wordo M wod N word2 K Words@ P Addr )
i | |
| | sltcats »{icots i o ltcot:
MA[10:0] | "X Row | X | cao X T cat X col2 X ces | |
»1C01a ‘ »1CO1a
e \ |
i f | -»R30517
| | » R3051:t11 » R3051:t15
/DataEn, /G ‘ | B - / \
: _ ‘ ' > R3051:t7
» R305117 » R3051:t15
/Rd\ /N
| »tcots »tCO1:
WR /T
> {CO1s » tCOt:
/5
Parameter Table
Name Min Max Comment
R3051:t7 4 Wr#, Rd#, Burst#/WrNear#, A/D Valid From SysClIk Rising
R3051:18 ALE Asserted From SysClk Rising
R3051:t9 ALE Negated From SysClk Falling
R3051:t11 13 DataEn# Asserted From SysClk Falling
R3051:t15 Wr#, Rd#, DataEn#, Burst#/WrNear# Negated From SysClk Falling
R3051:t16 5 Addr(3:2) Valid From SysClk
R3051:t118 9 A/D Tri-state From SysClk Falling
R3051:t19 10 SysClk Falling to Data Out
tCO1s 6 CLK to Output Valid (Synchronous)
tCo1d 8 CLK to Output Valid (Delayed)
tC01a 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
1GQAX 0 5 Output Enable to Output Drive Time
1GQZ 0 5 Output Turn-off Delay From Output Disabled
tRAC 35 Row Enable Access Time, On a Cache Miss
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EDRAM Memory

EDRAM Controller For IDT R3051 Microprocessors

Single-Word Write
i0ns 125ns 50ns 75ns 100ns
| | 1
STATE [ it X w1 X w2 X " X
SysClk / \ / \ / \ / \ ,
1> R3051:18 » R3051:t9 > R3051:8 > R3051:19
ALE \ / i
» R3051:t7 » R3051:t15 | » R3051:t7
MiNear |\ / o\
tCO1d» tcotd»> |
/Ack B /
»/R3051:116 | » R3051:116
Adds:2] | Word Address X ‘
I R3051:t7 » R3051:t19 » R3051:t7 > R3051:t18
AD310] X “Addr X Data X Addr]
i > tCO1s » tCO1s » {CO1s
MA[10:0] X Row | X | Col | X
tCOta > tCOta »
/RE \
i 1€ota » | CLR >
[CAL | T \ / T
: 1cota | fCLR
WE \ . - N
-~ R3051:t7
/Rd T o [ N B
» tCO1s - tCO1s
WR _ . I
) |
| R3051:t7 ——» R3051:t15 ——» R3051:t7
Mo\ . T - _
> {COts »tCOts
/S \ B : /T
Parameter Table
Name Min Max Comment
R3051:t7 Wr#, Rd#, Burst#/WrNear#, A/D Valid From SysCIk Rising
R3051:18 ALE Asserted From SysClk Rising
R3051:t9 ALE Negated From SysClk Falling
R3051:t11 13 DataEn# Asserted From SysClk Falling
R3051:t15 5 Wr#, Rd#, DataEn#, Burst#/WrNear# Negated From SysClk Falling
R3051:t16 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
tCO1s 6 CLK to Qutput Valid (Synchronous)
tCO1d 8 CLK to Output Valid (Delayed)
tCO1a 12 CLK to Qutput Valid (Asynchronous)
tCLR 15 Input or /0 to Asynchronous Clear/Preset
tAC 15 Column Address Access Time
tAQX Column Address Valid to Output Turn-on
tGOX 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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EDRAM Controller For IDT R3051 Microprocessors EDRAM Memory
Single-Word Write Followed by Page-Mode Write
ions 50ns 100ns 150ns
| | | |
STATE [ )} w0 w0 w X wa X o X
SysClk 1 N/ \ / \ _J \ i \ J/ |
Lol Rsos 1181+ R30s1:19 » R3051:t8| » R3051:19 » R3051:18 > R3051:19
ALE | / [\ -
| > R3051:t7 » R3051:17
» R3051:1 » R3051:t15 | » R3051:415 |
MiNear |\~ | T TN ‘ / \
| > 1CO1d - tCO1d s tcO1d > tCO1d i > 1CO1
/Ack | N / o \ /7 N
> R3051:t16 -+ R3051:116 > R3051:t16 \
Addif3:2] | X ; Word Address A Word Address B ){ | Word Address C__ -
»| R30S 47— » R3051:419 {-»R3051:t7 - » R3051:t19 »| R3051:t7 > R3051:19
ADB10] K AddrA X Data A X AdarB X DataB X Addrc )X DpataC -
i »1CO1s »1C0ts »1cots
MA[10:0) | X Row X colA X ColB |
tCO1a™ i | : tCOta»
/RE i \ a
| tCO1a»| ‘ CLR | tCOta» : CLR—¥|
/CAL | | [ ‘ / Y A - -
| tCOta> {CLR | {COfa> | {CLR—¥
ME | \ | / \ /
‘  »{ R3051:t7
/Rd ‘. ‘ . .
| »icots ‘ | > 1CO1s
wr | | - o
i | » R3051:t7 » R3051:t7
» R3051.t7 ! > R3051:t15 » R3051:t15
M | / \
|
I—»ltcots » {COTs
L s S O S S /o
Parameter Table
Name Min Max Comment
R3051:t7 Wr#, Rd#, Burst#/WrNear#, A/D Valid From SysCIk Rising
R3051:t8 ALE Asserted From SysClk Rising
R3051:t9 ALE Negated From SysClk Falling
R3051:t11 13 DataEn# Asserted From SysClk Falling
R3051:t15 5 Wr#, Rd#, Datakn#, Burst#/WrNear# Negated From SysClk Falling
R3051:116 5 Addr(3:2) Valid From SysClk
R3051:t118 9 A/D Tri-state From SysClk Falling
R3051:t19 10 SysClk Falling to Data Out
tCO1s 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
tGOX 0 5 Output Enable to Output Drive Time
1GQZ 0 5 Output Turn-off Delay From Output Disabled
tRAC 35 Row Enable Access Time, On a Gache 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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Tel: 33-1-46-23-79-00

Fax: 33-1-46-23-79-23

GERMANY

Intercomp

Schustergasse 35

55278 Kongernheim, Germany
Tel: 49-6737-9881

Fax: 49-6737-9882

AM Hochwald 42

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: 886-2-6590303

Fax: 886-2-6580988

ISRAEL

Star-Tronics Ltd.

7, Derech Hashalom
Tel-Aviv 67892, Israel
Tel: 972-3-6960148
Fax: 972-3-6960255

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

Inno Micro Corporation )

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
Edogawabashi Ekimae Building
1-20-10, Sekiguchi
Bunkyo-Ku, Tokyo, 112 Japan
Tel: 81-3-5229-4511

Fax: 81-3-5229-4515

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

NORWAY

NC ScandComp Norway A/S
Aslakveien 20 F

0753 Oslo, Norway

Tel: 47-22-50-60-50

Fax: 47-22-50-27-77

SWEDEN

NC ScandComp Sweden AB
Domnarvsgatan 33
S-16308 Spanga, Sweden
Tel: 46-8-761-73-00

Fax: 46-8-760-46-69

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 00X
United Kingdom

Tel: 44-734-313232

Fax: 44-734-313255
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