




































































































































































































































































































































































DM1M36SJ/DM1M32SJ EDRAM Memory 

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

�~�-�-�-�-�-�-�-�-�- �t�R�E�-�-�-�-�-�-�-�-�-�~� 

'f: -1'-IREO,2 

IF 

W/R 

Ao-10 

ICALO_3,p 

/WE 

DOO-35 

IG 

-I 

-

------ Open -----<I 

NOTES: 1. Parity bits DQg,17,26,35 must have mask provided at falling edge of IRE. 
2. /G becomes a don't care after tRGX during a write miss. 
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I 

tRP 

,. , . 

�~�I� r- tMH 

II AD-6 

Column n 

UI 

Don't Care or Indeterminate [J 



EORAM Memory OM1M36SJ/OM1M32SJ 

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

IREO,2 

IF 

W/R 

AO-10 

ICALO_3,p 

!WE 

DOO-35 

"" tc ~:I 
It"" tRE ~ 

II, "" 
tRP ~ 

- -tMSU 

~ -tMH 1- tCHR ----
~ ____________________ ~ ________ ~ ____ ~x~ ______ _ 

~I 
II II 

_ _ t
ASR 

-I I-t -I l-tAC I RAH Ao-s ===> ROW)C) Column 1 K Column 2 Column 3 

IL -tACH--11 I 

~ II 
tCRP -

I I "" tRSH 
I tASC - --t -

II:. tRAC2 -- tWH~1 1--- t:axl~""E-----'-- tRWL------o~~1 
-ltAc - - tDsli - -twav 

Read Data ~w~ri~tejD~a~ta~-t---~===:JR~ea~dOD~a~ta!:::::===J 
-I tDH - - -tGaz 

-tGaz - -

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 IRE. 

2-95 

Don't Care or Indeterminate D 



DM1 M36SJ/DM1M32SJ EDRAM Memory 

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

W/R 

DO 

IWE 

I 0( t RSH ~ . 
.... o(f-------- tACH )0 

tRE--____ -:~-. tRP--~ 

-----'''--------+--------~I ~ tCAE ---

II 
Column 

-JI 1- tDMH 

1:- tDMS 
Mask ,-----------~ 

I~ tWRP 

I ~I 
I 0( I tCWL ---)o~1 I 

1
0(1 tRWL-~11 
l~twcH-1 

I-----'-----J 

1'--.::.-=-=-----1 

1

1..:0(------ tWHR ------~~ ==t ~tMSU 
IF . ~I f_~-tM-H--~------------------------~------~I--~~X~-----
IS ~ 1- tSSR ~ }- tSHR 

Don't Care or Indeterminate D 

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

2. Write-per-bit cycle valid only for DMIM36SJ. 

3. Write-per-bit waveform applies to parity bits only (DQs,17,26,3S). 
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EDRAM Memory DM1M36SJ/DM1M32SJ 

Hidden IF Refresh Cycle During Page Mode and Static Column Cache Reads 

/REo,2 

W/R 

/WE 

AO-tO 

/CALo_3,p 

DOO-35 

U-tRE-j,t ~ 
It- tMsull~o(---------- tRP -----------> I ~ 

~~I r-__ tM_H ________________________ __ 

AO-S AO-S AO-S AO-S AO-S 

Adr1 Adr2 Adr3 Adr4 Adr5 

-tAC - tAC~ 
l-tCAH - I 

-----'-'----.1 0( tCAE >0 

-tCQx-1 
Data 2 Data 4 

IS ~----I--ts-a-~-a-v-------------------------ts-a-z---~ 
~~~ I 

/G -=1 i--= tGav tGaz -r 
Don't Gare or Indeterminate 0 

NOTES: 1. During IF refresh cycles, IS is a don't care unless cache reads are perfonned. For cache reads, IS must be low. 

2-97 



DM1M36SJ/OM1M32SJ EDRAM Memory 

IRE-Only Refresh 

IREo-2 

AO-10 

ICALo-3P, /WE, IG 

IF 

W/R 

IS 

- -
-=r l-tMsu 

==-=i 
1- tSSR 

-I 
-I rtSHR 

Don't Care or Indeterminate D 

NOTES: 1. All binary combinations of Ao-9 must be refreshed every 64ms interval. AIO does not have to be cycled, but must remain valid 
during row address setup and hold times. 

2. IRE refresh is write cycle with no /eAL active cycle. 
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EDRAM Memory DM1M36SJ/DM1M32SJ 

Mechanical Data 
72 Pin SIMM Module 

Inches (mm) « 4 245 (107 82) • 
1----------- 4.255 (108.08) ----------1 

1 ..... ;---------- 3.984 (101.19) ---------·1 
- - 0.133 (3.38) 

...-----::-t (~O-'-:-::---4~~) 1'~II~II~IIEIIEIIEII811~"~'1 r ~:~~; ~~:~~ I tl ~ Illl fS21 CD ~ DO ~ DD ~ CD ~ DIJ ~ DO ~ [Ie ~ c lit 0225 
0.945(24.00) • 1 ",: [,!g,J:: ~:: ~:: ~:: ~:: ~:: l£kJ:: ~:: ~:", 0010 (572) 
0.955r24.26) -,- -I±;g gg gg !! !! !! !! !! !! !I±; (254)1 --lIilg U1 gg U2 gg U3 gg U4 gg U5 gg U6 gg U7 gg U8 gg U9 gl "I t • 

-'------.----.------t't-r I 1 .................................... ~ •••••••••••••••••••••••••••••••••••• 72 =. =---
t· Jj II 0.050 (1 27) -11- \1 ~:~:~ g :~~: -11- t t t 

.245 (6.22) 0075 (1 90) L 0.060 (1.52) 0.100 

.255 (6.48) --- 0.085 (2.16) I 0.064 (1.63) RAO. (2.54) 

0.062 (1.57) RAO. 1_ 1.750 (44.45) - - 0.250 (6.35) 

0.250 (6.35) - « 3.750 (95.25) • 

• 2.125 (53.98) .. I 

Ul-U4, U6-U9 - Ramtron DM2202J-XX, 1 M X 4 EDRAMs, 300 Mil SOJ 

Part Numbering System 

US - Ramtron OM2212J-XX, 1 M X 4 EDRAM with Write-Per-Bit (Not present on OM 1 M32SJ) 
Cl-C9 - 0.22~F Chip Capacitors 
Socket - Molex 78441-7202 or Equivalent 

DM1M36SJ - 15 

l= Access Time from Cache in Nanoseconds 
15ns 
20ns 

Packaging System 
J = 300 Mil, Plastic SOJ 

Memory Module Configuration 
S = SIMM 

I/O Width (Including Parity) 
32 = 32 Bits 
36 = 36 Bits 

Memory Depth (Megabits) 

Dynamic Memory 

~ 
-11- 0.047 (1.19) 

I 0.054 (1.37) 

- - 0.208 (5.28) 

The information contained herein is subject to change without notice. Ramtron International Corporation assumes no responsibility for the use of any drcuitry other than drcuitry 
embodied in a Ramtron product, nor does it convey or imply any license under patent or other rights. 
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OM1M36SJ/OM1M32SJ EORAM Memory 

Notes 
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Features 
• 4KByte SRAM Cache Memory for 15ns Random Reads Within a Page 
• Fast DRAM Array for 35ns Access to Any New Page 
• Write Posting Register for 15ns Random Writes and Burst Writes 

Within a Page (Hit or Miss) 
• 2KByte Wide DRAM to SRAM Bus for 58 Gigabytes/Sec Cache Fill 
• On-chip Cache HiVMiss Comparators Maintain Cache Coherency on 

Writes 
• Hidden Precharge and Refresh Cycles 
• Extended 64ms Refresh Period for Low Standby Power 
• Standard CMOSIITL Compatible I/O Levels and +5 Volt Supply 
• Compatibility with JEDEC 2M x 36 DRAM SIMM Configuration 

Allows Performance Upgrade in System 

DescriptiDn 
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 
cacheJDRAM solution. The JEDEC compatible 72-bit SIMM 
configuration allows a single memory controller to be designed to 
support either ]EDEC 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 181M x 

4 EDRAMs, packaged in 28-pin plastic SO] packages, on both sides 
of the multi-layer substrate. Sixteen 
DM2202 and two DM2212 devices 
provide data and parity storage. The 
DM2M32S] 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. 

Functional Diagram 

ICAla·"p ------..j 

AD-10 

I 

Column Decoder 

Memory 
Array 

8Mbyte + Parity 

IG 
110 

C~~~OI .. DOO-35 
Data 

Latches 
/50.1 

/WE 

~I -<:t~-.... V<x; 

I T e,." • Vss 

Memory writes are internally posted in 
15ns and directed to the DRAM array. 
During a write hit, the on-chip address 
comparator activates a parallel write path to 
the SRAM cache to maintain coherency. The 
EDRAM delivers 15ns cycle page mode 
memory writes. Memory writes do not 
affect the contents of the cache row register 
except during a cache hit. 

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

The information contained herein is subject to change wiillout notice. 
Ramtron reselVes ille right to change or discontinue illis product wiillout notice, 

fe/!=n":?J'f:N3:!7!ftJ~OP:: f!rw'lo~'$bJ!50 Ramtron Drive. Colorado Springs. ~& O~~~~~ 
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OM2M36SJ/OM2M32SJ 

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 IRE and IS. Bank 
selection is performed by using both IRE and IS to select a bank. 
The use of IS to select a bank is required on the 8MByte SIMM 
because IG is common between the two banks. If IS is grounded 
(i.e., not used to control bank selection), an output buffer contlict 
between the two banks will occur when IG is enabled. It is also 
necessary to clock the IRE signal for each bank separately since 
clocking IRE with IS disabled is not allowed (see "unallowed 
Mode" deSCription). 

DRAM Read Hit 
If a DRAM read request is initiated by clocking IRE with WIR 

low and IF and lCAL high, the EDRAM will compare the new row 
address to the last row read address latch (LRR; an II-bit latch 
loaded on each IRE 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 

Function IS IRE WIR IF 

Read Hit L -l. L H 

Read Miss L -l. L H 

Write Hit L -l. H H 

Write Miss L -l. H H 

Internal Refresh X -l. X L 

Low Power Standby H H X X 

Unallowed Mode H -l. X H 

H = High; L = Low; X = Don't care; .j, = High-to-Low TflIJISition; LRR = Last Row Read 

EORAM Memory 

column address is available at the output pins at the greater of times 
tAC or ~v. Since no DRAM activity is initiated, IRE can be brought 
high after time tREI , and a shorter precharge time, tRPI , 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 tAC after each column 
address changes. During read cycles, it is possible to operate in 
either static column mode with lCAL=high or page mode with lCAL 
clocked to latch the column address. 

DRAM Read Miss 
If a DRAM read request is initiated by clocking IRE with WIR 

low and IF and lCAL high, the EDRAM will compare the new row 
address to the LRR address latch (an II-bit latch loaded on each 
IRE 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 
tRAC' tAC' and ~v. It is possible to bring IRE high after time tRE 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 tAC after 
each column address change. During read cycles, it is possible to 
operate in either static column mode with lCAL=high or page mode 
with lCAL clocked to latch the column address. 

DRAM Write Hit 
If a DRAM write request is initiated by clocking IRE while WIR 

and IF are high, the EDRAM will compare the new row address to the 
LRR address latch (an II-bit address latch loaded on each IRE 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 lCAL low and the write 
data is latched by bringing /WE low (both lCAL and /WE must be high 
when initiating the write cycle with the falling edge of IRE). The write 
address and data can be latched very quickly after the fall of IRE (tRAIl 
+ tASe for the column address and tos for the data). During a write 
burst sequence, the second write data can be posted at time tRSw after 
IRE. Subsequent writes within a page can occur with write cycle time 
tpc. With IG enabled and /WE disabled, it is possible to perform cache 

AD-1D Comment 

Row= LRR No DRAM Reference, Data in Cache 

Row*LRR DRAM Row to Cache 

Row = LRR Write to DRAM and Cache, Reads Enabled 

Row*LRR Write to DRAM, Cache Not Updated, Reads Disabled 

X 

X 

X 
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EORAM Memory 

read operations while the IRE 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 tRAC2)' At the end of a write sequence (after lCAL and 
/WE are brought high and tRE is satisfied), IRE 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 lCAL and /WE are low. As a result, the 
lCAL input can be used as a byte write select in multi-chip systems. If 
lCAL is not clocked on a write sequence, the memory will perform a 
IRE only refresh to the selected row and data will remain unmodified. 

DRAM Write Miss 
If a DRAM write request is initiated by clocking IRE while W/R 

and IF are high, the EDRAM will compare the new row address to the 
LRR address latch (an II-bit latch loaded on each IRE active read 
cycle). If the row address does not match, the EDRAM will write data 
to the DRAM array ouly 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 lCAL low and the write 
data is latched by bringing /WE low (both lCAL and /WE must be high 
when initiating the write cycle with the falling edge of IRE). The write 
address and data can be latched very quickly after the fall of IRE (tRAIl 
+ tASe for the column address and tDS for the data). During a write 
burst sequence, the second write data can be posted at time b after 
IRE. 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 IG) until time tWRR after 
IRE goes high. At the end of a write sequence (after lCAL and /WE are 
brought high and tRE is satisfied), IRE 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 lCAL and /WE are low. As a 
result, lCAL can be used as a byte write select in multi-chip systems. If 
lCAL is not clocked on a write sequence, the memory will perform a 
IRE only refresh to the selected row and data will remain umnodified. 

IRE Inactive Operation 
It is possible to read data from the SRAM cache without clocking 

IRE. 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 rowlcolumn 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 IS for the selected bank (ISo or lSI) and IG 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 IRE will be specified by the LRR address latch loaded during 
the last IRE active read cycle. To perform a cache read in static column 
mode, lCAL is held high, and the cache contents at the specified column 
address will be valid at time tAC after address is stable. To perform a 
cache read in page mode, lCAL is clocked to latch the column address. 
The cache data is valid at time tAC after the column address is setup to 
lCAL. 

Function IS !G /CAL AD-B 

Cache Read (Static Column) L L H Column Address 

Cache Read (Page Mode) L L t Column Address 

H = High; L = loW; x = Don't Care; t = Transitiolling 
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Write-Per-Bit Operation 
The DM2M36SJ EDRAM SlMM provides a write-per-bit capability 

to selectively modify individual parity bits (DQg,17,26,35) 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 lCALo.3' The bits to be 
written are determined by a bit mask data word which is placed on the 
parity 110 data pins prior to clocking IRE. The logic one bits in the 
mask data select the bits to be written. As soon as the mask is latched 
by IRE, the mask data is removed and write data can be placed on the 
databus. The mask is ouly specified on the IRE transition. During page 
mode burst write operations, the same mask is used for all write 
operations. 

Intemal Refresh 
If IF is active (low) on the assertion of IRE, 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 IF refresh cycle. At least 1,024 IF 
cycles must be executed every 64ms. IF refresh cycles can be hidden 
becanse cache memory can be read under column address control 
throughout the entire IF cycle. IF cycles are the ouly active cycles 
during which IS can be disabled. 

/CAL Before IRE Refresh ("/CAS Before /HAS" 
lCAL before IRE refresh, a special case of internal refresh, is 

discussed in the "Reduced Pin Count Operation" section below. 

IRE Only Refresh Operation 
Although IF refresh using the internal refresh counter is the 

recommended method of EDRAM refresh, it is possible to perform an 
IRE only refresh using an externally supplied row address. IRE refresh 
is performed by executing a write cycle (W/R and IF are high) where fd 
lCAL 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 %9 must be sequenced every 64ms 
refresh period. AlO 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 IS 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 IF 
refresh cycles and two read cycles to different row addresses are 
necessary to complete initialization. 

Unallowed Mode 
Read, write, or IRE ouly operations must not be initiated to 

unselected memory banks by clocking IRE when IS is high. 

Reduced Pin Count Operation 
It is possible to simplify the interface to the 8Mhyte SlMM to reduce 

the nmnber of control lines. 1RE0 and 1RE2 could be tied together 
externally to provide a single row enable for bank O. 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 

Interconnect Interconnect 
Pin No. Function (Component Pin) Organization Pin No. Function (Component Pin) Organization 

1 GND C (8,21,28) Ground 37 D01/ U5,14 (25) Parity liD fa r Byte 2 

2 DOo U1,10 (27) Byte 1 liD 1 38 D035* U5,14 (24) Parity liD for Byte 4 

3 D018 U2,11 (24) Byte 31/0 1 39 GND C (8,21,28) Ground 

4 DOl U1,10 (26) Byte 1 liD 2 40 ICALo U1 ,3,10,12 (16) Byte 1 Column Address Latch 

5 D019 U2,11 (25) Byte 31/0 2 41 ICAL2 U2,4,11 ,13 (16) Byte 3 Column Address Latch 

6 D02 U1,10 (25) Byte 1 1103 42 ICAL3 U7,8,16,17 (16) Byte 4 Column Address Latch 

7 D020 U2,11 (26) Byte 31/0 3 43 ICAL1 U6,9,15,18 (16) Byte 2 Column Address Latch 

8 D03 U1,10 (24) Byte 1 liD 4 44 IRED U1,3,6,9 (6) Bank 0 Row Enable (Bytes 1,2) 

9 D021 U2,11 (27) Byte 31/0 4 45 IS 1 U10-18 (19) Chip Select Bank 1 

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

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

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

13 Al C (2) Address 49 DOg U6,15 (27) Byte 21/01 

14 A2 C (12) Address 50 D027 U7,16 (27) Byte 41/0 1 

15 A3 C (3) Address 51 DOlO U6,15 (26) Byte 21/0 2 

16 A4 C (4) Address 52 D028 U7,16 (26) Byte 41/0 2 

17 A5 C (5) Address 53 DOll U6,15 (25) Byte 21/0 3 

18 A6 C (9) Address 54 D029 U7,16 (25) Byte 41/0 3 

19 AlO C (15) Address 55 D012 U6,15 (24) Byte 21/0 4 

20 D04 U3,12 (27) Byte 1 liD 5 56 D030 U7,16 (24) Byte 41/0 4 

21 D022 U4,13 (24) Byte 31/0 5 57 D013 U9,18 (24) Byte 21/0 5 

22 D05 U3,12 (26) Byte 11/0 6 58 D031 U8,17 (24) Byte 41/0 5 

23 D023 U4,13 (25) Byte 31/0 6 59 +5 Volts C (7,14,22) Vce 

24 D06 U3,12 (25) Byte 1 liD 7 60 D032 U8,17 (26) Byte 41/0 6 

25 D024 U4,13 (26) Byte 31/0 7 61 D014 U9,18 (25) Byte 21/0 6 

26 D07 U3,12 (24) Byte 1 I/O 8 62 D033 U8,17 (25) Byte 41/0 7 

27 D025 U4,13 (27) Byte 3 liD 8 63 D015 U9,18 (26) Byte 21/0 7 

28 A7 C (10) Address 64 D034 U8,17 (24) Byte 41108 

29 GND C (8,21,28) Ground 65 D016 U9,18 (27) Byte 21/0 8 

30 +5 Volts C (7,14,22) Vee 66 +5 Volts C (7,14,22) Vee 

31 A8 C (11) Address 67 IG C (23) Output Enable 

32 Ag C (13) Address 68 IF C (18) Refresh Mode Control 

33 IRE3 U10-18 (6) Bank 1 Row Enable 69 ISo U1-9 (19) Chip Select Bank 0 

34 IR~ U2,4,5,7,8 (6) Bank 0 Row Enable (Bytes 3,4, Parity) 70 PD Signal GND Presence Detect 

35 D026* U5,14 (27) Parity liD for Byte 3 71 GND C (8,21,28) Ground 

36 D08* U5,14 (26) Parity liD 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 DM2M36SJ/DM2M32SJ 

Interconnect Diagram - Bank 0 (Components Mounted on Front Side) 
Edge 

Connecter 
J1 

~1<l~~ Igggg 

~o 1<l_ ~N ~M I g g g g 
~~~~ Igggg 

U8 

~~ ~_ ~N -:., I g g g g 

:;';0 ~~ ::G"" C::;'" I g g g g 
U4 

U6 

U9 
~1<l~~ Igggg 

~1<l~~ Igggg 

g g g g 
12 
13 
14 
15 

Byte 2 1 AO U3 
2 A1 1 A2 U1 A3 

16 A4 
17 
18 • 28 
31 
32 
19 

A5 Byte 1 A6 

11 A7 
A8 1 A9 
AlO DM2202J 

148 WIR 

147 F 166 
169 
167 

17 WIR 
1Mbx4 

/WE DM2202J EDRAM 
1 IF 1Mbx4 1 IS EDRAM ~ IG " ~ " ~ w 

~ w 

140 '"'' 
143 ICAL1 

,"AlO 

141 
142 
146 

144 -'BEll 
134 

.5V 

110~ 
"'~ i !! 1--;';le~--'--r-'--C1-r-C-2 """1Ir'-C-3 ---1rrC-4-r-C5-r-CS-r.-C-7 ..... rrc-s----;l C9 

i l! ~v ~_1 _1-+--1 ---*1-1~1-1 _____ 1----'T 
172 

170 

'OM2212 is not present on the OM2M32SJ. 
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U2 

Byte 3 

DM2202J 
1Mbx4 
EDRAM 

ICAL2 

DM2202J 
1Mb x 4 
EDRAM 

U7 

Byte 4 

DM2202J 
1Mbx4 
EORAM 

DM2202J 
1Mbx4 
EORAM 

CAl3 

." 

Parity 

U5 ~ * ~~g 
vee 

~~~~ 
DM2212J vS5~ 
1Mbx4 
EDRAM 

ICALP 



OM2M36SJ/DM2M32SJ 

Interconnect Diagram - Bank 1 (Components Mounted on Back Side) 

Edge 
Connecter 

J1 

EORAM Memory 

~Ore'-~N~'" I gggg 

~re~~ 1999g 

~ ~ l'l 11 1 g g g g U17 
~I ~ ~ '" I g g g g 

~I ~ t<. ~ I g g g g 

~o ~_ l'lN "'00 I g g g g U11 
~~l'l'" Igggg 

U13 

t:;;: g, ~ ~ I g g g g 
g g g g 

U18 Byte 3 

12111 13 
14 
15 
16 
17 
18 
28 
31 
32 
19 

'''~W'' ~ 147 
168 
145 
167 

17 

140 "" 143 
141 
142 
146 

133 ,." 

.5V 

AO 
A1 
A2 
AS 
A4 
A5 

" A7 

" AJl 
AlO 

WIR 
!WE 
IF 
IS 
/G 

U12 
U10 

Byte 1 

DM2202J 
1Mbx4 

DM2202J EDRAM 
1Mbx4 
EDRAM ~ IE 

~ IE ~ = 

~ = 

/CAL" 

U15 

Byte 2 DM2202J 
1Mbx4 

DM2202J EDRAM 
1Mbx4 

DM2202J EDRAM 
1Mbx4 ~ ~ 

EDRAM ~ ~ ~ ~ 

~ IE :e ~ 

~ ~ 

/GAlt 

110~ 
111~ i I! ~!iC-~~-I-c-l0-I-c-ll-l-c-12-I-c-13-I-c-14-1-C-ls-l-c-16-I'""c-l--'71 C18 

! ~i ~...---.--1 _1 ___ 1 ----+1-1--..-1 ----.1______._1 --->T 
171 
In 

170 

'DM2212 is not present on the DM2M32SJ. 

2-106 

DM2202J 
1Mbx4 
EDRAM 

~ ~ 

~ ~ 

/CAl.: 

U16 

Byte 4 

DM2202J 
1Mbx4 
EDRAM 

~ ~ 

~ ~ 

DM2202J 
1Mbx4 
EDRAM 

1CAL3 

Parity 
U14 

vee~ * vee 
vee 

DM2212J~~ 
1Mbx4 
EDRAM 

/CAl' 



EDRAM Memory 

Pin Descriptions 
/REo,2,3 - 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 IR and IE It is not 
necessary to clock IRE to read data from the EDRAM SRAM row 
registers. On read operations, IRE can be brought high as soon as 
data is loaded into cache to allow early precharge. IRE to bank 0 
and bank 1 must be clocked separately and only clocked during 
DRAM operations to the selected bank 

/CALIJ..3 ,,-Column Address Latch 
ThiS input is used to latch the column address and in 

combination with /WE to trigger write operations. When lCAL is 
high, the column address latch is transparent. When lCAL i~ low, the 
column address is closed and the output of the latch contains the 
address present while lCAL was high. lCAL can be toggled when IRE 
is low or high. However, lCAL must be high during the high-to-Iow 
transition of IRE except for IF refresh cycles. 

. W/R - Writll/Read 
This input along with IF specifies the type of DRAM operation 

initiated on the low going edge of IRE. When IF is high, W/R 
specifies either a write (logic high) or read operation. (logic low). 

JF-Refresh 
This input will initiate a DRAM refresh operation using the 

internal refresh counter as an address source when it is low on the 
low going edge of IRE. 

/WE - Write Enable 
This input controls the latching of write data on the input data 

pins. A write operation is.initiated when both lCAL and /WE are low. 

Absolute Maximum Ratings 
[Beyond Which Permanent Damage Could Result) 

Description Ratings 

Input Voltage (VIN) -1 -7v 

Output Voltage (VOUT) -1 - 7v 

Power Supply Voltage (Vcc ) -1 - 7v 

Ambient Operating Temperature (TA) 0- 70°C 

Storage Temperature (Ts) -55 -150°C 

Static Discharge Voltage 
>2000V (Per MIL -STD-883 Method 3015) 

Short Circuit DIP Current (lOUT) 50mA* 

• One output at a time per device; short duration 

AC Test Load and Waveforms 

DM2M36SJ/DM2M32SJ 

$- Output Enable 
This input controls the gating of read data to the output data 

pin during read operations. 

iSo, t - Chip Select . . 
This input is used to power up the I/O and clock C1fcmtry. 

When IS is high, the EDRAM remains in its low power mode. IS 
must be used for bank selection on the 8Mbyte SIMM. IS must 
remain active throughout any read or write operation. With the 
exception of IF refresh cycles, IRE should never be clocked when IS 
is inactive. 

000-35 - Data Input!Output . 
These bidirectional data pins are used to read and wnte data to 

the EDRAM. On the DM22I2 write-per-bit memory, these pins are 
also used to specify the bit mask used during write operations. 

AD-tO - Multiplex Address 
These inputs are used to specify the row and column addresses 

of the EDRAM data. The II-bit row address is latched on the falling 
edge of IRE. 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. 

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

V,vGround 
These inputs are connected to the power supply ground 

connection. 

CapaCitance 

Description Max' Pins 

I nput CapaCitance 130/136pf AO-9 

Input Capacitance 165/180pf A10' W/R, /WE, IF 

Input Capacitance 97/100pf ISo,/S1 

I nput Capacitance 52/55pf IREo 
I nput Capacitance 55/65pf IRE2 

Input Capacitance 92/92pf IRE3 

I nput Capacitance 62/62pf IG 

I nput Capacitance 52/55pf ICALO_3 

Input Capacitance 32pf ICALp 

lID CapaCitance 16pf DQO-35 
• DM2M32SJ IDM2M36SJ, respectively 

VIN Timiog Reference Point at VIL and VlH 

Load Circuit 5.0V Input Waveforms 

Output 0----.-----, 

R2 = 2950 GND 
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OM2M36SJ!DM2M32SJ 

Electrical Characteristics 
ITA = 0 - 70'C) 

Symbol Parameters 

Vcc Supply Voltage 

V1H Input High Voltage 

VIL Input low Voltage 

VOH Output High level 

VOL Output low level 

I i(L) I nput leakage Current 

IO(L) Output leakage Current 

Operating Current - OM2M32SJ 

Symbol Operating Current 33MHz Typ(l) 

ICCl Random Read 880mA 

ICC2 Fast Page Mode Read 520mA 

Icca Static Column Read 440mA 

ICC4 Random Write 1080mA 

ICC5 Fast Page Mode Write 400mA 

ICC6 Standby 16mA 

ICCT Average Typical 240mA 
Operating Current 

Operating Current - DM2M36SJ 

Symbol Operating Current 33MHz TIP(I) 

ICCl Random Read 990mA 

ICC2 Fast Page Mode Read 585mA 

ICC3 Static Column Read 495mA 

ICC4 Random Write 1215mA 

ICC5 Fast Page Mode Write 450mA 

ICC6 Standby 18mA 

ICCT Average Typical 270mA 
Operating Current 

EORAM Memory 

Min Max Test Conditions 

4.75V 5.25V All Voltages Referenced to Vss 

2AV 6.5V 

-1.0V O.8V 

2AV - IOUT= - 5mA 

- OAV IOUT= 4.2mA 

-10~A 10~A OV ~VIN ~ 6.5V, All Other Pins Not Under Test = OV 

-10~A 10~A OV ~VIN' OV ~VOUT ~5.5V 

-15 Max -2DMax Test Condition Notes 

1800mA 1440mA IRE, ICAl, IG and Addresses Cycling: tc = tc Minimum 2,3 

1160mA 920mA ICAl, IG and Addresses Cycling: tpc = tpc Minimum 2,4 

880mA 720mA IG and Addresses Cycling: tsc = tsc Minimum 2,4 

1520mA 1200mA IRE, ICAl, /WE and Addresses Cycling: tc = tc Minimum 2,3 

1080mA 840mA ICAl, /WE and Addresses Cycling: tpc = tpc Minimum 2,4 

16mA 16mA All Control Inputs Stable", Vcc - O.2V 

- - See "Estimating EDRAM Operating Power" Application Note 1 

-15 Max -2DMax Test Condition Notes 

2025mA 1620mA IRE, ICAl, IG and Addresses Cycling: tc = tc Minimum 2,3 

1305mA 1035mA ICAl, IG and Addresses Cycling: tpc = tpc Minimum 2,4 

990mA 810mA IG and Addresses Cycling: tsc = tsc Minimum 2,4 

1710mA 1350mA IRE, ICAl, !WE and Addresses Cycling: tc = tc Minimum 2,3 

1215mA 945mA ICAl, !WE and Addresses Cycling: tpc = tpc Minimum 2,4 

18mA 18mA All Control Inputs Stable", Vcc - O.2V 

- - See "Estimating EDRAM Operating Power" Application Note 1 

(1) "33MHz Typ" refers to worst case Icc expected in a system operating with a 33MHz memory bns. See power applications note for further details. This parameter is not 100% tested 
or guaranteed. 

(2) Icc is dependent on cycle rates and is measured with CMOS levels and the outputs open. 

(3) Icc is measured with a maximum of one address change while IRE = V1L. 

(4) Icc is measured with a maximum of one address change while lCAL = VIR' 
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EORAM Memory OM2M36SJ/OM2M32SJ 

Switching Characteristics 
Discrete devices have been tested from 4.7V to 5.3V Vee aod to 75'C to guarantee SIMM specifications. (Vee = 5V ± 5%, TA = 0 to 70'C, CL = 50pO 

-15 -20 
Symbol Description Units 

Min Max Min Max 

tAC(1) Column Address Access Time 15 20 ns 

tACH Column Address Valid to ICAl Inactive (Write Cycle) 15 20 ns 

tAox 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 

tC1 Row Enable Cycle Time, Cache Hit (Row=lRR), Read Cycle Only 25 32 ns 

tCAE Column Address latch Active Time 6 7 ns 

tCAH Column Address Hold Time 0 1 ns 

tCH Column Address latch High Time (latch Transparent) 5 7 ns 

tCHR ICAl Inactive lead Time to IRE Inactive (Write Cycles Only) -1 -1 ns 

tCHW Column Address latch High to Write Enable low (Multiple Writes) 0 0 ns 

tcov Column Address latch High to Data Valid 17 20 ns 

tcox Column Address latch Inactive to Data Invalid 5 5 ns 

tCRP Column Address latch Setup Time to Row Enable 5 6 ns 

tCWL /WE low to ICAl Inactive 5 7 ns 

tOH Data Input Hold Time 0 1 ns 

tOMH Mask Hold Time From Row Enable (Write-Per-Bit) 1.5 2 ns 

tOMS Mask Setup Time to Row Enable (Write-Per-Bit) 5 6 ns 

tos Data Input Setup Time 5 6 ns 

tGOV(1) Output Enable Access Time 5 6 ns 

tGOX(2,3) Output Enable to Output Drive Time 0 5 0 6 ns 

tGOZ(4,5) Output Turn-Off Delay From Output Disabled (/Gi) 0 5 0 6 ns 

tMH IF and W/R Mode Select Hold Time 0 1 ns 

tMSU IF and W/R Mode Select Setup Time 5 6 ns 

tNRH ICAl, /G, and /WE Hold Time For IRE-Only Refresh 0 0 ns 

tNRS ICAl, IG, and /WE Setup Time For IRE-Only Refresh 5 6 ns 

tpc Column Address latch Cycle Time 15 20 ns 

tRAC(1) Row Enable Access Time, On a Cache Miss 35 45 ns 

tRAC1 (1) Row Enable Access Time, On a Cache Hit (Limit Becomes tAC) 17 22 ns 

tRAC2(1,6) Row Enable Access Time for a Cache Write Hit 35 45 ns 

tRAH Row Address Hold Time 1.5 2 ns 

tRE Row Enable Active Time 35 100000 45 100000 ns 
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DM2M36SJ/DM2M32SJ EDRAM Memory 

Switching Characteristics (continued) 
Discrete devices have been tested from 4.7V to 5.3V Vee and to 75'C to guarantee SIMM specifications. (Vee = 5V ± 5%, TA = 0 to 70'C, CL = 50pf) 

Symbol Description 
Min 

tRE1 Row Enable Active Time, Cache Hit (Row=LRR) Read Cycle 10 

tREF Refresh Period 

tRGX Output Enable Don't Care From Row Enable (Write, Cache Miss). OIP Hi Z 10 

tRP (7) Row Precharge Time 25 

tRP1 Row Precharge Time, Cache Hit (Row=LRR) Read Cycle 10 

tRRH Read Hold Time From Row Enable (Write Only) 0 

tRSH Last Write Address Latch to End of Write 15 

tRSW Row Enable to Column Address Latch Low For Second Write 40 

tRWL Last Write Enable to End of Write 15 

tsc Column Address Cycle Time 15 

tSHR Select Hold From Row Enable 0 

tSQV(1) Chip Select Access Time 

tsax(2,3) Output Turn-On From Select Low 0 

tSQZ(4,5) Output Turn-Off From Chip Select 0 

tSSR Select Setup Time to Row Enable 5 

tT Transition Time (Rise and Fall) 1 

twc Write Enable Cycle Time 15 

tWCH Column Address Latch Low to Write Enable Inactive Time 5 

tWHR(8) Write Enable Hold After IRE 0 

tWI Write Enable Inactive Time 5 

twp Write Enable Active Time 5 

tWQV(1) Data Valid From Write Enable High 

tWQX(2,5) Data Output Turn-On From Write Enable High 0 
tWQZ(3,4) Data Turn-Off From Write Enable Low 0 

tWRP Write Enable Setup Time to Row Enable 5 

tWRR Write to Read Recovery (Following Write Miss) 

(I) VOUT Timing Reference Point at 1.5V 
(2) Parameter Defines Time When Output is Enabled (Sourcing or Sinking Current) and is Not Referenced to VOH or VOL 

(3) Minimum SpeCification is Referenced from VIR and Maximum SpecilJcation is Referenced from V IL on Input Control Signal 
(4) Parameter Defines· Time When Output Achieves Open-Circuit Condition and is Not Referenced to VOH or VOL 
(5) Minimum Specification is Referenced from VIL and Maximum Specification is Referenced from VIH on Input Control Signal 

(6) Access Parameter Applies When lCAL Has Not Been Asserted Prior to tRAe2 
(7) For Back-to-Back IF Refreshes, tRP = 4Ons. For Non-consecntive IF Refreshes, tRP = 25ns and 32ns Respectively 

(8) For Write-Per-Bit Devices, lwHR is Limited By Data Input Setup Time, Ins 
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-15 -28 
Units 

Max Min Max 

13 ns 

64 64 ms 

13 ns 

32 ns 

13 ns 

1 ns 

20 ns 

51 ns 

20 ns 

20 ns 

1 ns 

15 20 ns 

15 0 20 ns 

10 0 13 ns 

6 ns 

10 1 10 ns 

20 ns 

7 ns 

1 ns 

7 ns 

7 ns 

15 20 ns 

15 0 20 ns 

15 0 20 ns 

5 ns 

18 20 ns 



EDRAM Memory DM2M36SJ/DM2M32SJ 

IRE Active Cache Read Hit (Static Column Mode) 

IREO,2,3 

IF 

W/R 

AO-10 

ICALo_3,p 

/WE 

DQO-35 

/G 

ISO,1 

oE te1 ~ 

{-tRE1 - V '--L I 
tRP1 - -- -tMSU 

~I -tMH 

______________________________________ ~x~-----

I 
~~~~--~------------------------~------------~x~---

I -
Column 4 

==A 
II I 

---- Open ---~~:;;:, 

l-tSSR 

2-111 

Data 4 

tSHR-II­tsozi -
Don't Care or Indeterminate [3 



OM2M36SJmM2M32SJ EORAM Memory 

IRE Active Cache Read Hit (Page Mode) 

IR~~: J tf--t-M:-i~-' -~-t~-"r-,-" ---,-" --,'''---; :-;;,-,,;-, -':-;,-'-tR-P1---J-;iX-_-_~)o_b-_ 

;} -t'"'l-~tM,...,-H~,...,-,...,-~,~, ""'-""'-""'-""'-""'-""'-""'-""'-~""""~,' ,...,-,...,-~;;,.".,.;C,;...,."fV=,N=t},;".,..:t~~-_ -_-_ 

- ~~ I II - tRAH tCAH -I -
Ir----=C-olc-um- n -'-1 -----\I 

W/R 

AO-10 Column 2 Row 

I .. O(E----- tASC -----)0-1 

leAlO_3,p 

~tCAH 
1 tCAE 0( 

II I~----- tpc -----)0-1 

I 
/WE 

DOO-35 

II 11.00-----tAc ----:I---~ 
-0(0(------ tRAC1 ------1 tCQx-1 

--------Open-------~~[----nD~ffi;a11~-~ 

IG 
I I- ',,, -1,~'-_)o ____ t_GQz_:__H ~ 

---~----------~tGQV- ~ 

~ 1_ 'SSR tSHR -I 1- I 
~ tSQZl -

ISO,1 

Don't Care or Indeterminate 61 
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EDRAM Memory DM2M36SJ/DM2M32SJ 

IRE Active Cache Read Miss (Static Column Mode) 

IREO,2,3 tr tRE tc »~_O( _ tRP __ :~ 

~ J -f "l~~-_tM_H ____________ -----;-I ____ ----JX~---
] .. ----... ...... I!....- t

MSU ,~I r~-_tM_H ___________ --,-____ ~ 
~~~~_~t~ ______________________ ~ ________ ~X===== 

II 
W/R 

AO-10 

----.. 
- tASR 

----"1 J- tRAH 0( tsc » 
I An-10t==> AO-8 I AO-8 AO-10 

r=J Row Column 1 Column 2 Row 

----.. I~ tCRP I 
IGAlO_3,p 

II III tAQX ----..1 1-

DQO-35 

/WE ______ ~--------~------____ --~~~~--------~X~---
11

.e 1_0: tAC » 

~~------ t RAC -------?~I 

-------- Open 

I 

11 1- tAC ----.. 

tAQx7 -
Data 1 Ir-:::--:--=--J 

/G 

""_II ~ 
_______________ ~~---t-G-®-----..----------------------tG-~------..-~ 

I l-tsHR-1 =--=i - tSSR tsaz 1 -
ISO,1 

Don't Care or Indeterminate D 
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DM2M36SJ/DM2M32SJ EDRAM Memory 

IRE Active Cache Read Miss (Page Mode) 

W/R 

AO-10 

ICALO_3,p 

/WE 

0°0-35 

IG 

ISO,1 

Column 2 
I 

I~"'E___--- tASC -'------~I 

~ tCAH 
----+-----'''-------------,II~<E___--:-I-- tCAE -----l~1 

AO-l0 

Row 

II I tpc I-tcav 
~----~----~-·-,~c;-;-.----~--.. --~~~-··--~~~--~~~~X~-----

+----- tAC ---------:~I II I I 
_ ... ---- tRAC ----I tcax -I 

-------- Open ---------<f.;; Data 1 Data 2 

-
l-tSHR~1 I 

tsaz 1~-'-----

Don't Care or Indeterminate D 
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EORAM Memory 

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

/G 

/SO,1 

NOTES: 1. Parity bits DQg, 17,26,35 must have mask provided at falling edge of IRE. 

2. /G becomes a don't care after tKGX during a write miss. 
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Don't Care or Indeterminate D 



DM2M36SJ/DM2M32SJ EDRAM Memory 

Page ReadlWrite During Write Hit Cycle 

IREO,2,3 

IF 

W/R 

AO-10 

ICAlO_3,p 

/WE 

000-35 

IG 

• tc )0:1 • tRE )0 

'" tRP 
)0 

- - tMSU 

~I - tMH \~ tCHR ~ 
~ ____________________ ~ __ ~~ __ ~ ____ ~x~ ______ _ 

~I 
II 

Column 3 

-\ _tWRP \~tcwL~1 - 1- tRRH 

-A I. tWHR 
j~twP-~ 

)01 
1\ )0 I 

~tRAC2-- ~I I~ tAQX • tRWL 

-ltAC - -tosl- - -tWQV 
I 

" -c==> Read Data ~ Write Data Read Data - - tGQX -I tOH 1- - 'l-tG 

I - -tGQZ - ~tWQX 

~ ..... tGQV -I - l-tGQV 

Don't Care or Indeterminate D 

NOTES: 1. If colwnn 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 fulling edge of IRE. 
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EDRAM Memory DM2M36SJ/DM2M32SJ 

Write-Per-Bit Cycle (!IJ = High) 

ICALp 

~"" tRE--~~~j,,~t.-
1 "" tRSH ~. 

1 .. 0«(------- tACH ~ 

-----'-'--------+-------,1- tCAE - ,-!-'---------

IREO,2,3 

--!.I 1- tRAH 

- l~tASR 
-tASC -

II 
AO-10 

,----------,. 
Column 

W/R 

-I I~ tOMS -twcH-1 

DQ Mask Data >( 

l~twRP tos-I - -I -tRRH 
-I ...... tOH~ 

---------;f i- twp -

I"" tWHR ~ 

/WE 

180,1 

Don't Care or Indeterminate D 

NOTES: 1. Data mask bit Wgh (I) enables bit write; data mask bit low (0) inhlbits bit write. 

2. Write-per-bit cycle valid only for DM2M36SJ, 

3. Write-per-bit wavefonn applies to parity bits only (DQg,17,26,35)' 
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DM2M36SJ/DM2M32SJ EDRAM Memory 

Hidden IF Reflesb Cycle DUling Page Mode and Static Column Cacbe Reads 

W/R 

/WE 

AO-S AO-S Ao-s AO-S Ao-s 
AO-10 Adr1 Adr2 Adr3 Adr4 Adr5 

l-tCAH - I 
-tAC - tAC~ 

----'-'-----,/ 0( tCAE • 
ICALO_3,p 

0°0-35 Data 2 Data 4 

l~~~~ __ ts_ox ________________________________________________ ts_o_z~~}t~ ~ I~tsov 
ISO,1 

~I l~tGOX L 
IG =1 I~ tGOV tGOZ ~r 

Don't Care or Indeterminate EJ 

NOTES: 1. During IF refresh cycles, IS is a don't care unless cache reads are perlonned. For cache reads, IS must be low. 
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EDRAM Memory DM2M36SJ/DM2M32SJ 

IRE-Only Refresh 

~ IREo,2,3 

~ 
+-tASR 

~I rtRAH 
AO-10 Row 

:===============_t_R_E=======t_c~_= __ ~= __ ~= __ ~=~~~-~-~-------t-R-P~~~~---::~ 

ICALO-3,P, !WE, IG =:3 l-tNRS 
x~ __ 

IF 

W/R 

ISO,1 

~ -tMSU 

~ \ ~ ____________________________________ ~x~ ____ _ 

-=r l-tMSU 

=--=1 
1- tSSR 

~I 

~I 

Don't Care or Indeterminate D 

NOTES: 1. All binary combinations of 110-9 must be refreshed every 64ms interval. AIO does not have to be cycled, but must remain valid 
during row address setup aud hold times. 

2. IRE refresh is write cycle with no lCAL active cycle. 
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DM2M36SJ/DM2M32SJ 

Mechanical Data 
72 Pin SIMM Module 

Inches (mm) 

Double Side 
Mounting 

�---------- 4.245 (107.82) __________ 1 

4.255 (108.08) 

I~ .. c---------- 3.984 (101.19) --------­

- 0.133 (3.38) 

I 
0.123 (3.12) 

(~04~~) 1~1I~11811~1I~11~1I~1I 0.127 (3.22) 
0.945 (24.00) i 1 _ -0 I [8J II ~ II [8J II [8J II [El II ~ II ~ II 0.01 0 f52l~ 
0.955124.26) _l_ I i U1 Ii U2 i i U3 i i U4 i i U5 i i U6 i i U7 i i (.254) t t 

t 1 .................................... = t =----tJ =====~ t t t 
0.042 (1.07) 0.100 II 0.050(1.27) -11- L 0.040(1.02) -11-

0.245 (6.22) __ 0.075 (1.90) I 0.060 (1.52) RAD. (2.54) 
0.255 (6.48) I 0.085 (2.16) 0.064 (1.63) 

0.062 (1.57) RAD. __ 1.750 (44.45) ____ _ 0.250 (6.35) 

0.250 (6.35) _ • 3.750 (95.25) ------------>~I 

1----- 2.125 (53.98) • I 

U1-U4, U6-U9, U10-UI3, U15-U17 - Ramtron DM2202J-XX, 1 M x 4 EDRAMs, 300 Mil SOJ 

Part Numbering System 

US, U14 - Ramtron DM2212J-XX, 1 M x 4 EDRAM with Write-Per-Bit (Not present on DM2M32SJ) 
Cl-C18 - O.22pF Chip Capacitors 
Socket - Molex 78441-7202 or Equivalent 

DM2M36SJ - 15 IL Access Time from Cache in Nanoseconds 
15ns 
20ns 

Packaging System 
J = 300 Mil, Plastic SOJ 

Memory Module Configuration 
S = SIMM 

110 Width (Including Parity) 
32 = 32 Bits 
36 = 36 Bits 

Memory Depth (Megabits) 
1M 
2M 

Dynamic Memory 

EDRAM Memory 

[ 
-11- 0.047 (1.19) 

I I 0.054 (1.37) 

--- - 0.365 (9.28) 

The information contained herein is subject to change without notice. Ramtron International Corporation assumes no responsibility for the use of any circuitry other than circuitry 
embodied in a Ramtron product, nor does it conveyor imply any license under patent or other rights. 
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This application note is a collection of design suggestions based 
upon common errors made during the development of EDRAM 
systems. 

Initialization 
To assure reliable operation of the EDRAM, please initialize 

promptly on power-up. This initialization requires eight IF refresh 
cycles and two IRE active read cycles per bank to different row 
addresses. The IF refresh cycles would normally be performed while 
power-up reset is active. The read cycles would typically be executed 
as part of a system startup program. It will not be possible to read 
data properly without initialization. 

End Write Cycles With /CAL High 
Unlike a standard DRAM, the EDRAM lcHR speCification requires 

that /CAL be brought high before IRE when ending a write cycle to 
assure proper write termination. 

WJR Mode Operation 
It has been found that the WIR mode signal must be high for 

both falling and rising edges of IRE during write miss cycles. As a 
matter of practice, please make sure W IR is high during the entire 
IRE active period for reliable operation. 

Unallowed Mode 
The EDRAM does not disable all logic when the /S chip select is 

disabled. As a result, IRE should never be clocked in read or write 
mode when /S is disabled. The EDRAM cache control logic is 
corrupted when this operation occurs. 

EDRAM Design Hints 
Application Note 

Power Supply 
High speed EDRAM operation can generate high transient power 

supply currents. Adequate decoupling (typically O.22pF per chip near 
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. 

AirFlow 
The EDRAM, like other high performance products, can 

diSSipate a significant amount of heat when operated at its maximum 
random duty cycle (i.e., 65ns IRE 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 
advisable. Please use our power application note to better understand 
the expected operation current for your system. EDRAM power can 
be reduced by using the /S chip select to place devices in their low 
power mode when not in use and by using the IRE inactive cache 
access mode to minimize the IRE duty cycle. In this mode of 
operation, air flow is not typically required for the memory. The 
microprocessor and controller, however, may still benefit from ~ 
cooling efforts. IIlI:I 

@1994RamtronlntemationaICorporation, 1850 Ramtron Orive, 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 DRAMs, EDRAM power consumption is dependent on cycle 
time and mode of operation. It becomes necessary to understand a 
number of important statistics about the exact system operation to 
properly estimate the operating power. This application note will 
summarize the characterization of EDRAM power under different 
operating conditions and frequencies. From these results, equations 
are developed to estimate EDRAM current at different clock rates. A 
model for EDRAM operating power is then developed based upon 
lntel486 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 m interface characterizations 
are included. All current measurements were taken at worst case 
temperature of -5°C. 

EDRAM Standby Current - The EDRAM is specified at 1mA 
standby current with CMOS levels and characterized at 16mA standby 
current (worst case) with TTL levels. Operating at TTL interface 
levels increases the standby current significantly since the m 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 (65nsloperating cycle time * 
180)+ 25. From this formula, we see that the static read current with 
IS enabled is about 25mA and the maximum read current at 65ns 
cycle time is 205mA. 

Figure 1. Random Read CutTent - CMOS Levels 
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The random read current for TTL levels is shown in Figure 2. 
The formula for estimating currentis (65/cycle time * 187) + 38. 
Static read current with IS enabled is about 38mA and maximum E 
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 - m 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 Cutrent - CMOS 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- m Levels 
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Page Mode Write Current - Page mode write current was 
characterized by measuring write cycles with lCAL 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 5. Page Mode Write Current - CMOS Levels 
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Figure 6. Page Mode Write Current - m 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 lOOns cycle times for 
both page mode (clocked lCAL) 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. 

Figure 7. Page Mode Read Current- CMOS Levels 
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The read current for page mode and TTL levels is shown in 
Figure 8. The formula for estimating current is (35/cycle time * 
52) + 32. 
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Figure B. Page Mode Reali Current - m Levels 

160 • 140 
120 • 1 100 • I 80 • 
60 • • • a • • • 40 
20 
0 

0 20 40 60 80 100 

Cycle Time (ns) 

The read current for static column operation with CMOS levels 
is shown in Figure 9. The formula for estimating current is 
(35!cycle time * 39) + 18. 

Figure 9. Static Column Reali Current - CMOS Levels 
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The read current for static column operation at TTL levels is 
shown in Figure 10. The formula for estimating current is 
(35!cycle time * 41) + 29. 

Figure 10. Static Column Read Current- m Levels 
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Estimating EDRAM Operating Power 

Calculating Actual EORAM System 
Power Requirements 

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

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

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

Effective EORAM Cycle Times 
Clock EDRAM Burst Burst 
Rate Mode Read Miss Read Nit Write 

25MHz Random 240ns N/A BOns 

25MHz Page/Static Column 60ns 50ns N/A 

33MHz Random 180ns N/A 90ns 

33MHz Page/Static Column 45ns 37.5ns N/A 

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 



Estimating EORAM Operating Power 

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 ouly. 

Burst read miss current = 
«65/90*180)+25) + «35/30*39) + 18)12 = 109mA 

Burst read hit current = (35137.5 * 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) * lmA (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 

Figure 11. EDRAM Cummt tor 33MIIz 486 Systems 

EORAM Memory 

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 O%,.and refresh time to 
0.1%. 

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

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

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

As we see from these calculations, the typical operating 
current for the EDRAM operating in a 486 system will be 
significantly below the EDRAM maximum datasheet power 

. specifications and peak power requirements. For example, at 
33MHz the typical power per EDRAM will be 30mA * 5.0 volts or 
150 mW. All EDRAMs that are not active will be idling at 6mw. A 
DMIM36S] EDRAM SIMM module would have a typical operating 
power of 1.35 watts and a standby power of 54mW. 

"eak Write Current jiiiiiiiiiii~13~5.;OO;--l 
Peak Read Current ••••••••• 109.00 

Operating Current 

Standby Current 

o 

Figure 12. EDRAM Current tor 25MHz 486 Systems 
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Ramtron Intemationai Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in a Ramtmn product, 
nor does it convey or imply any license under patent or otiler rights. 
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Summary 
Ramtron's enhanced DRAM (EDRAM) memory is the ideal 

memory for high performance embedded control systems. 

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

Introduction 
The Intel i960 family of 32-bit microprocessors is popular for 

high performance embedded control applications. The i960CNCF 
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 pipeJined 
operations and allows both internal and external insertion of wait 
states. The i960CNCF processors are available in 16, 25, and 33MHz 
clock speed options. 

Ramtron's EDRAM is the ideal main memory component to 
support the i960CNCF 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 

Figure 2. Intel i96I1CAICF System Block Diagram 
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EDRAM Controller For 25MHz & 33MHz 
Intel i96OCA/CF Microprocessors 
Application Note 

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

Figure 1. Bus Cycle Comparison at 33MHz Bus Speed 

Transaction EDRAM DRAM Cache + DRAM 

Burst Read Hit 2:1:1:1 5:2:2:2 2:1:1 :1 

Burst Read Miss 3:1:1:1 5:2:2:2 5:2:2:2 

Burst Write Hit 3:1:1:1 4:2:2:2 2:1:1 :1 

Burst Write Miss 3:1:1:1 4:2:2:2 4:2:2:2 

A single H2-pin Intel iFX780-1O FPGA can interface 4-16Mbytes 
of Ramtron EDRAM main memory to a i960CNCF 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. 

System 
110 

EDRAM 
Memory 

Controller 
(Intel 

iFX7BO-l0) 

t 
4-16Mbyte 

EORAM 
Main Memory 

t 00-31 
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EDRAM Controller For Intel i960CA/CF Microprocessors 

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 
(DMIM32) or two 8Mbyte EDRAM SIMM modules (DM2M32) 
without external buffer components. 

The i960 supports the following memory transactions: 

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

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

• A2-31 - Address Bus 
• BE#03 - Byte Enables 
• ADS# - Address Strobe Signal 
• WIR# - WritelRead Mode Signal 
• BLAST# - Burst Last Signal 
• RDY# - Non-burst Ready Acknowledge Signal 
• Reset# - Processor Reset Input 
• PCLK - Processor Clock Output 

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

• MALo-9 - Multiplex Address, Bank 0-1 
• MAHo-9 - Multiplex Address, Bank 2-3 
• MALAIO - Bank 0, MAIO 
• MALBlO - Bank 1, MAIO 
• MAHAlO - Bank 2, MAIO 
• MAHBIO - Bank 3, MAiO 
.1RE0-3 - Row Enables for Bank 0-3 

Figure 3. EDRAM Controller Block Diagram 
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EDRAM Memory 

• /CALO-3 - Column Address Latch Inputs for Bytes 0-3 
• WfRo_I - WritelRead Mode Input for LowlHigh Banks 
./FO_I - Refresh Mode Input for LowlHigh Banks 
• /SO-3 - Chip Selects for Bank 0-3 
• /GO_I - Output Enable for LowlHigh Banks 
.1WE0_1 - Write Enable for LowlHigh 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 

62Jlsec 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 II-bit row address and 2-bit bank address of the 
last EDRAM read event. 

The HitIMiss Comparator compares the new row and bank 
address with the LRR register on each read transaction. The state 
machine uses the hiVmiss 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 MAo-9 to 
limit the capacitance driven by the FPGA. In the case of MAIO' 
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 (MAo-I) using the Intel interleave 
sequence used during i960 cache fill and writeback cycles. The 

EDRAM 
Control 
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upper bits (MA2-S) are identical to the column 
address. Figure 4. i96OCA/CF State Machine 

The Address Decoder decodes the address bits 
(A24-31) to determine if a valid memory address is 
present. The EDRAM memory is enabled for memory 
transactions in the lower 16Mbyte address range in 
this example. I/O 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: 

• Reset Sequence - When the Reset# input is low, 
the processor is in its reset state. The EDRAM 
controller initializes the controller logic and then 
enables refresh cycles. The controller will perform 
the required eight IF 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: 

• 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 (MALO-s, MAHO-s), 
output enable (lGO-I), chip select (/SO-3) to the 
EDRAM, and RDY# acknowledge to the processor 
during RZ. All control signals are available !cOls 

after the rising edge of the processor clock. 

• Burst Read Hit Sequence - If the BLAST# is still 
higil 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 !cOls' 

Output enable, chip select, and the RDY# acknowledge remain 
valid. The burst sequence is terminated on the first cycle where 
BLAST# is low. 

• Read Miss Sequence - When a read miss is detected, the state 
machine will perform an IRE active 32-bit read from the 
EDRAM. During Rl, the row address (MALo-Io, MAHO-lO)' read 
mode (W/R low), and chip select (lS0-3) are presented to the 
EDRAM. The IRE signal for the selected EDRAM bank is clocked 
!cOla after Rl to initiate a DRAM row access. This access will 
transfer the new row to SRAM cache. During RZ, the column 
address and output enable read the cache location, and RDY# 
acknowledges the transfer. 
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• Burst Read Miss Sequence - If the BLAST# is still higil at the 
end of the first word transfer, the machine will continue from 
state RZ to the burst read sequence R3 througil R5. During each 
state a new burst address is output to the EDRAM at !cOls' Output 
enable, chip select, and RDY# acknowledge remain valid. The 
burst sequence is terminated on the first cycle where BLAST# is 
low. 

• Write Sequence - An IRE active single write cycle is 
performed. The bytes written are determined by the BE#0_3 
input. The state machine activates the appropriate lCALo-3 
outputs to enable the correct bytes of memory. The state 
machine selects the row address (MALo-Io, MAHO-IO), write 
mode (W/R higil), and appropriate chip select (1S0-3) signals to 
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the EDRAM during WI. IRE is enabled leOla after the beginning 
of WI. The colunm address is output at 1e00s of W2. The !WE and 
lCAL outputs for the selected bytes are enabled at leOla after the 
middle of W2 to initiate the write cycle. !WE, lCAL, and IRE are 
brought high to terminate the write. 

• Burst Write Sequence - If BLAST# is high during WI, 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 lCAL are brought low to 
write data. The write is terminated in the last write state by 
bringing lCAL, !WE, and IRE high. 

• Rifresb - If a refresh is pending during 11, the state machine 
will perform an internal refresh on the next cycle by jumping to 
Fl. Refresh mode (IF) is enabled during Fl. IRE is enabled leOla 
after Fl 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 WIR, IF,!WE, IG are split into two pins which drive 
either the low or high two banks of memory. On the other hand, 
the lCALo.3 signals are lightly loaded and a single pin drives all four 
banks of memory. 

EDRAM Memory 

The attached burst read miss, burst read hit, and burst write 
timing sequences demonstrate the timing of the EDRAM controller 
in a 33MHz i960CA/CF system with the 15ns version of the EDRAM. 
The same design will work at 25MHz using the lower cost 20ns 
version of the EDRAM. The worst case timing analysis is performed 
using Chronology's Timing Designer™ software with EDRAM 
timing parameters entered from the databook EDRAM controller 
parameters are from the Intel132-pin iFX780-1O FPGA datasheet 
with derating for additional load capacitance. The Intel FPGA was 
selected because of its fast clock to output delay (6ns into 30pO, 
fast setup time (65ns), and its fast address comparator feature 
which allows inlplementation 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 inlplemented 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 inlproves 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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j\ IltAC- !,tAC. I tAC- ',I 
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"...... Da~ 1 ~ Da 21 ~ Dak 3' ~Datal4 k'l 
I -tCOls -tCOls -tCOls I JtC01S r ~tCOls 
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Palallelet Table --r------r--~---_'KII 
Name Min Max Comment 

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

i960:t3 6 18 PClK to ADS# Output Valid Delay 

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

i960:t6 5 16 PClK to BLAST # and WAIT # Output Valid Delay 

i960:t11 3 16 PClK to D(31 :0) Output Valid Delay 

i960:tOF 3 22 PClK to All SIGNALS Output Float Delay 

tC01s 6 ClK to Output Valid (Synchronous) 

tC01d 8 ClK to Output Valid (Delayed) 

tC01a 12 ClK to Output Valid (Asynchronous) 

tPD 10 Input or 1/0 to Output Valid 

tAC 15 Column Address Access Time 

tGQX 0 5 Output Enable to Output Drive Time 

tGQZ 0 5 Output Turn Off Delay From Output Disabled 

tRAC 35 Row Enable Access Time, On a Cache Miss 
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Word Burst Read Hit 

I 1
50ns 

I 
1150ns I 

STATE ---1-1 -----~2~~--~ . __ '+_=-x_ .... 
PCLK ;---\ 

ADS# 

A[31:2] 

W/R# 

BLAST# 

READY# 

D[31:0] 

MA[10:0] 

W/R 

IG 

IS 

Parameter Table 

Name Min 

i960.l1 3 

i960:t3 6 

i960:t4 3 

i960:t6 5 

i960:t11 3 

i960:tOF 3 

tC01s 

tC01d 

tC01a 

tPD 

tAC 

tGOX 0 

tGOZ 0 

tRAC 

---ItCOIS 

\-
tAC ~ 
~tGQX I ~-~t~~x-~ 

ICOls Dalt~~ Da 

,.Col I . --.X..:.~_tol ?. 

. ICOIs 

tCOIs 
\ . 

I---It~~x 1 j ~t~~x 1 
2J .~ Da 3 ~Data 

tCOl S - ICOIs 
Xe&f3--· X-CoI4 

(2·tPD)· ~ 
.~ 

Max Comment 

14 PClK to A(31 :2) to Output Valid Delay 

18 PClK to ADS# Output Valid Delay 

18 PClK to W/R# Output Valid Delay 

16 PClK to BlAST# and WAIT# Output Valid Delay 

16 PClK to D(31 :0) Output Valid Delay 

22 PClK to All SIGNALS Output Float Delay 

6 ClK to Output Valid (Synchronous) 

8 ClK to Output Valid (Delayed) 

12 ClK to Output Valid (Asynchronous) 

10 Input or 1/0 to Output Valid 

15 Column Address Access Time 

5 Output Enable to Output Drive Time 

5 Output Turn Off Delay From Output Disabled 

35 Row Enable Access Time, On a Cache Miss 
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W4 X - -""5 
I \ 
! 

I 1960:16 
~ 

~ICO s 

\ -- f-

i960:lll i960:tl1 i960:lll i960:tll i960:t F ~ 
a::~' Data 1 ~,Data21 ~ 0':ta3 ~ -Data4 -~~) 

~XIC01S ~tCOls -"~Xl(;<.>tfs '" _,,_,_~XIC;OS _ _ ~XICO s __ 
I Coil! X Col2 I Cola, Col 4 

IRE 

W/R 

~tCOla I ! , ' I I . COla 

l:-Cj";" I ... ~ 1- II(~!, 
j [I (1" :~~_"~:~+E~t :-rt: ICAL[3:0J 

IWE 
I ---ItC,Old ;t6tCOld 1t---ltCOld i T -~ICOld 

----j--------- -\.~-.-r--\_ I \ I ' 

~2'tPD)___I ' (2'IPD) ,~ 

~P.m-~-m-~-~~ffi-T.-.-e~---' .. ~~k--------------------------______________ ~_~_~_-____ ~~ 
Name Min Max Comment 

i960.l1 3 14 PClK to A(31 :2) to Output Valid Delay 

i960:t3 6 18 PClK to ADS# Output Valid Delay 

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

i960:t6 5 16 PClK to BlAST# and WAIT# Output Valid Delay 

i960:t11 3 16 PClK to D(31 :0) Output Valid Delay 

i960:tOF 3 22 PClK to All SIGNALS Output Float Delay 

tC01s 6 ClK to Output Valid (Synchronous) 

tC01d 8 ClK to Output Valid (Delayed) 

tC01a 12 ClK to Output Valid (Asynchronous) 

tPD 10 Input or I/O to Output Valid 

tAC 15 Column Address Access Time 

tGQX 0 5 Output Enable to Output Drive Time 

tGQZ 0 5 Output Turn Off Delay From Output Disabled 

tRAC 35 Row Enable Access Time, On a Cache Miss 

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. 

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

Introduction 
The Intel 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 
IX 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 

Figure 2. 486DX2-66 System Block Diagram 
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Main Memory 

t 

EORAM Controller For Intel4860X2 
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 n-pin 4Mbyte EDRAM SIMM module. Standard DRAM 
requires the insertion of numerous wait states due to its three times 
slower page cycle time and two times slower random access cycle time. 
The EDRAM even has fewer wait states than a much more complex 
secondary cache plus DRAM memory subsystem as shown in figure 1. 

Figure 1. Bus Cycle Comparison at 33MHz Bus Speed 

Transaction EDRAM DRAM Cache + DRAM 

Burst Read Hit 2:1:1:1 5:2:2:2 2:1 :1:1 

Burst Read Miss 3:1:1:1 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). 
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@ 1993 Ramtron International Corporation, 1850 Ramtron Drive, Colorado Springs, CD 80921 
TelephDne (800) 545-DRAM, (719) 481-7000; Fax (719) 488-9095 R1111293 
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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 4s6DX2 
single chip EDRAM controller. A future application note will 
discuss a two-way interleave controller design for the 40 and 
50MHz 4s6DX processors from Intel, AMD, and Cyrix. 

EDRAM Controller Design 
The objective of this single chip controller design is to support 

all4s6DX2 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 
(DMIM32) or two 5Mbyte 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: 

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

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

• A2-31 - Address Bus 
• BE#0_3 - Byte Enables 
• M1I0# - Memory/IlO Mode Signa! 
• WIR# - Write/Read Mode Signal 
• ADS# - Address Strobe Signal 
• BLAST# - Burst Last Signal 
• RDY# - Non-burst Ready Acknowledge Signal 
• BRDY# - Burst Ready Acknowledge Signal 
• KEN# - Cache Enable Signal 

Figure 3. EDRAM Controller Block Diagram 

MAlO-l0 MAHo-l0 

EDRAM Memory 

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

• OptiADS# - Opti Address Strobe Input 
• OptiKEN# - Opti Cache Enable Output 
• Reset# - Opti Reset Output 
• LDEV# - Opti VL Bus Local Device Input 
• HLDAI - Opti Hold Acknowledge Output 
• MEMR# - ISA Bus Memory Read Signal 
• MEMW# - ISA Bus Memory Read Signal 
• OUT1- Opti Refresh Clock 

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

• MALo-9 - Multiplex Address, Bank 0-1 
• MAHo-9 - Multiplex Address, Bank 2-3 
• MALAiO - Bank 0, MAiO 
• MALBiO - Bank 1, MAiO 
• MAHAlo - Bank 2, MAiO 
• MAHBlo - Bank 3, MAiO 
• /REo-3 - Row Enables for Bank 0-3 
• /CALo-3 - Column Address Latch Inputs for Bytes 0-3 
• WIRo_I - Write/Read Mode Input for LowlHigh Banks 
./FO_I - Refresh Mode Input for LowlHigh Banks 
• /SO-3 - Chip Selects for Bank 0-3 
• /GO_I - Output Enable for LowlHigh Banks 
.1WEo-I - Write Enable for LowlHigh Banks 

EDRAM Controller Functional Description 
This section describes the ED RAM controller internal block 

diagram shown in figure 3. 
The Refresh Logic receives the OUT I signal from the ISA 

logic. This signal is a 15 psec refresh clock generated by the 

OUT1 
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82C206 timer. On the rising edge of the 15Jlsec clock, 
a refresh request is generated to the state machine. 
This signal will trigger an immediate refresh on the 
next available bus cycle. 

Figure 4. 486DX2 State Machine 

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

The HitIMiss Comparator compares the new 
row and bank address with the LRR register on each 
read event. The state machine uses the hit/miss status 

Wrile 

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 MAo-9 to 
limit the capacitance driven by the FPGA. In the case 
of MAIO' 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 (MAo.I) using the 
Intel interleave sequence used during 486 cache fill 
cycles. The upper bits (MA2.S) are identical to the 
column address. 

The Address Decoder decodes the address bits 
(A2-23, A31) and the WIOIf mode bit to determine if a 
valid memory address is present. The EDRAM 
memory is enabled for memory transactions in the 
lower 16Mbyte address range with the exception of 
the high memory region (640K-IM). 

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

• 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 IF 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 
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 iuitiated when ADS# 
and a valid address are present (processor or VL bus master 
cycles), HLDAI and a valid address are present (ISA master or 
DMAcycles), or an urgent refresh request is pending. The WIR#, 
MEMR#, MEMW#, and hit/miss comparator status determine the 
final sequence for bus events: 
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• 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 
(MALO.8, MAHo_s), output enable (/GO•I), and the appropriate 
chip select (lSO.3) to the EDRAM, and the BRDY# acknowledge 
to the processor during R2. All control signals are available leO!s 
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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• 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 leOls 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. 

• Read Miss Sequence - When a read miss is detected, the state 
machine will perform an IRE active 32-bit read from the 
EDRAM. During RI, the row address (MALO-lO, MAHo-lO) , read 
mode (W IR low), and chip select (/SO-3) are presented to the 
EDRAM. The IRE signal for the selected EDRAM bank is clocked 
leOla after RI to initiate a DRAM row access. This access will 
transfer the new row to SRAM cache. During R2, the coluum 
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. 

• Burst Read Miss Sequence - If the BLAST# is still high at the 
end of the first word transfer, the machine will continue from 
state R2 to the burst read sequence R3 through R5. During each 
state a new burst address is output to the EDRAM at leOls 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. 

• Write Sequence - An IRE active single write cycle is 
performed. The bytes written are determined by the BE#o-3 
input. The state machine activates the appropriate ICALo-3 
outputs to enable the correct bytes of memory. The state 
machine selects the row address (MALO-IO, MAHo-IO) , write 
mode (W IR high), and appropriate chip select (ISo-3) signals to 
the EDRAM, and the RDY# acknowledges to the processor 
during WI. IRE is enabled leOla after the beginning of WI. The 
column address is output and !WE is enabled to latch data 
during W2. The ICAL outputs for the selected bytes are enabled 
at le02s after W2 to initiate the write cycle. The write is 
terminated at the end of W2 by bringing ICAL, !WE, and IRE 
high. 

• Refresh - If a refresh is pending during II, the state machine 
will perform an internal refresh on the next cycle by jumping to 

EDRAM Memory 

FI. Refresh mode (IF) is enabled during FI. IRE is enabled leOla 
after PI 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 II 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 WIR, IF, !WE, IG are split into two pins which drive 
either the low or high two banks of memory. On the other hand, 
the ICALo-3 signals are lightly loaded and a single pin drives all four 
banks of memory. 

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

Conclusion 
A single chip EDRAM controller can be implemented using a 

high performance FPGA such as the Intel iFX780. This controller 
supports up to 16Mbytes of EDRAM without additional buffer 
components. Ramtron's EDRAM inIproves 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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Paramefet Table 

Name Min Max Comment 

i486.t6 3 14 A(31 :2), PWT, PCD, BE#(3:0), MIIO#, D/C#, W/R#, ADS#, lOCK#, FERR#, BRGE#, HlDA Valid Delay 

i486:t8a 3 14 BlAST#, PLOCK#Valid Delay 

i486:t10 3 14 0(31 :0), DP(3:0) Write Data Valid Delay 

i486:t11 20 0(31 :0), DP(3:0) Write Data Float Delay 

tC01s 6 ClK to Output Valid (Synchronous) 

tC01a 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/O to Output Valid 

tAC 15 Column Address Access Time 

tAOX 5 Column Address Valid to Output Turn On 

tGOX 0 5 Output Enable to Output Drive Time 

tGOZ 0 5 OutputTurn Off DelayFrom Output Disabled 

tRAC 35 Row Enable Access Time, On a Cache Miss 
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FDIII WDnI Butst Read Miss Timing 
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Parameter Table 

Name Min 

i486.t6 3 

i486:t8a 3 

i486:tl0 3 

i486:tll 
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-:--:::~~-+----+-+--------------'-------'---------------j~- -. --- . --t-------+-4__ 

, (2'tPO): ~ 
'.-~ 

Max 

teOls tCO's 

i2·tPO)c~ 

Comment 

14 A(31 :2), PWT, PCD, BE#(3:0), MIIO#, D/C#, W/R#, ADS#, lOCK#, FERR#, BRGE#, HlDA Valid Delay 

14 BlAST#, PlOCK#Valid Delay 

14 0(31 :0), DP(3:0) Write Data Valid Delay 

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

6 ClK to Output Valid (Synchronous) 

12 ClK to Output Valid (Asynchronous) 

16 ClK to Output Valid Fed Through Combinational Macrocell (Synchronous) 

22 ClK to Output Valid Fed Through Combinational Macrocell (Asynchronous) 

10 Input or 1/0 to Output Valid 

15 Column Address Access Time 

Column Address Valid to Output Turn On 

5 Output Enable to Output Drive Time 

5 Output Turn Off Delay From Output Disabled 

35 Row Enable Access Time, On a Cache Miss 
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One Word WIite Timing 

Ions 1 125ns, 15ons, i75ns 11oon~ 1125n~ 
1 

STATE -----11-- X WI 

CLK ! \ I \ 

ADS# I~:::~ u ' 

W/R# iiiiiiiiIlL______ 
--;486:164 

A[31:41 

RDY# 

0[31:01 

;486:16 

-- - IC02s ~ 

\ 

~ICO's 

Data 

MA[10:0] X Row 

ICOla -~ 
IRE ,~--- -- \ 

X W2 

-\ 

--IC02s H 
il 

i486:lll-1 ~ 

~tCOls I 

X--l~ Q<>I-

X 11 

r \ 

;486:16 ~ 

- ~ICOls r-
-tCOla--oj 

- -----" )C- -

---->lICOls - ->lICOls 

\ 

L_-
tC02ar- --1 1C02s----oj 

- '----- -- / 
--~ICOIS ---~tCOls 

-------;--\ /--- - -----

WIR ... I--~ / 
t2'IPD) -oj 

ICAL[3:01 

IWE 

IS A 

Parameter Table 

Name 

1486.t6 

i486:t8a 

i486:t10 

i486:t11 

tC01s 

tC01a 

tC02s 

tC02a 

tPD 

tAC 

tAQX 

tGQX 

tGQZ 

tRAC 

Min Max Comment 

3 14 A(31:2), PWT, PCD, BE#(3:0), M/IO#, D/C#, W/R#, ADS#, lOCK#, FERR#, BRGE#, HlDA Valid Delay 

3 14 BlAST#, PlOCK# Valid Delay 

3 14 0(31 :0), DP(3:0) Write Data Valid Delay 

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

6 ClK to Output Valid (Synchronous) 

12 ClK to Output Valid (Asynchronous) 

16 ClK to Output Valid Fed Through Combinational Macrocell (Synchronous) 

22 ClK to Output Valid Fed Through Combinational Macrocell (Asynchronous) 

10 Input or I/O to Output Valid 

15 Column Address Access Time 

5 Column Address Valid to Output Turn On 

0 5 Output Enable to Output Drive Time 

0 5 Output Turn Off Delay From Output Disabled 

35 Row Enable Access Time, On a Cache Miss 

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

• No Wait States During Burst Read Hit and Write Cycles 
• Only One Wait State During Burst Read Miss Cycles 
• 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 (IV) 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 IX 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 

Figure 2. 68040 System Block Diagram 

PLL Clock 
Generator 

~ I 
t 

RSTI# 
Ao-31 

TS#. TT~" TM~2' RNI, Sllo_, 

TAl Tell I 

Motorola i ! 
66040 

Processor 

EDRAM 
Memory 

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 Cacbe + DRAM 

Burst Read Hit 2:1:1:1 3:2:2:2 2:1:1:1 

Burst Read Miss 3:1:1:1 7:2:2:2 3:2:2:217:2:2:2* 

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 3:2:2:216:2:2:2* 

'DRAM Page HitlMiss Cycles 

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

System 
liD 

Controller 

I 
(iFX760-10) 

+ 
4-16Mbyte 

EDRAM 
Main Memory 

t DO_31 

© 1994 Ram/ron In/ema/ionaICorpora/ion, 1850 Ramtron Drive, Colorado Springs, CO 80921 
Telephone (800) 545-DRAM, (719) 481-7000; Fax (719) 488-9095 R1012594 
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EDRAM Controller Design 
The objective of this single chip controller design is to support 

all6S040 memory transactions with minimum memory wait states 
while driving either four 4Mbyte EDRAM SIMM modules 
(DMIM32) or two 5Mbyte EDRAM SlMM modules (DM2M32). 

The 6s040 supports the following memory transactions for 
user and supervisor data spaces: 

• Single ByteJWordILong Word Read 
• Single ByteJWordILong Word Write 
• Four Long Word Burst Read 
• Four Long Word Burst Write 

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

• Ao.3l - Address Bus 
• TTO.l - Transfer Type 
• TMo-2 - Transfer Mode 
• SIZO_l - Transfer Size 
• RIW - ReadiWrite 
• !fS - Transfer Start 
• !fA - Transfer Acknowledge 
• !fCI - Transfer Cache Inhibit 
• IRSTI - Reset In 
• BCLK - Bus Clock (IX) 

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

Figure 3. EDRAM Controller Block Diagram 

MALo-1o MALHo_1o 

EDRAM Memory 

• MALo-9 - Multiplexed Address, Bank 0-1 
• MAHo-9 - Multiplexed Address, Bank 2-3 
• MAIAIO - Bank 0 AlO 
• MALBIO - Bank 1 AlO 
• MAHAlO - Bank 2 AlO 
• MAHBlO - Bank 3 AIO 
• 1RE0-3 - Row Enables for Bank 0-3 
• /CALo-3 - Column Address Latch Inputs for Bytes 0-3 
• WlRo-l - Write/Read Mode Input for Low/High Banks 
./FO-l - Refresh Mode Input for LowlHigh Banks 
• /SO-3 - Chip Selects for Bank 0-3 
• /GO-l - Output Enable for Low/High Banks 
.1WE0-1 - Write Enable for Low/High Banks 

The EDRAM controller internal block diagram is shown in 
fignre 3. 

EDRAM Controller Functional Description 
The Refresh Counter divides the BCLK input down to 

generate a 62J1sec 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 I3-bit register 
which holds the II-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 ED RAM control 
sequence. 

BCLK 
TTO-1' SIZo·1, 

RIW, An-1 
A24-31, 
TMo-3 

State Machine 

EDRAM 
Control 

Processor 
Control 
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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. 

Figure 4. 6804D State Machine 

The Burst Address Generator increments the 
lower two multiplexed address bits (MAo-I) using the 
mod-4linear wrap sequence used during 68040 cache 
fill cycles. The upper bits (MA2-8) are identical to the 
column address. 

The Address Decoder decodes the upper 
address bits (A24-31) and the transfer mode bits (TMo_2) 

to determine if a valid memory address is present. 
EDRAM memory is enabled for the lower 16-Mbyte 
address range of the user and supervisor memory 
segments. 

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

• Reset Sequence - When the /RSTI input is low, the 
processor is in its reset state. The EDRAM controller 
initializes the controller logic and then enables 
refresh cycles. The controller will perform at least 
eight IF 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 fignre 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: 

• 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 (MALo-s, MAHo-s) , 
output enable (lGO_I), and chip select (1S0-3) to the 
EDRAM and the transfer acknowledge (!fA) to the 
processor at !cOl, of R3. 

• 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 RIO. During each pair of states (Le., R5, 
R6, etc.), a new burst address is output to the EDRAM at !cOl" 
The output enable, chip select, and transfer acknowledge remain 
valid. 

• Read Miss Sequence - When a read miss is detected, the state 
machine will perform an IRE active long word read from the 
EDRAM. Dnring RI, the row address (MALo-lO, MAHO_lO) , read 
mode (WIR low), and chip select (lSo-3) are presented to the 
EDRAM at !cOl" The IRE signal to the selected EDRAM bank is 
clocked to initiate a DRAM row access at !cOla' This access will 
transfer the new row to SRAM cache. During R3, the column 
address and output enable are output to read the cache location 
and !fA acknowledges the access at !cOls' 
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• Burst Read Miss 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 RIO. During each pair 
of states (Le., R5, R6, etc.), a new burst address is output to the 
EDRAM at !cOls' The output enable, chip select, and transfer 
acknowledge remain valid. 

• Write Sequence - A single write cycle is performed. The size of 
the write (byte, word, long word) is decoded from the two lower 
address bits (Ao-I) and the SIZO_I inputs. The state machine 
activates the appropriate lCALo-3 outputs to write the correct 
bytes of memory. The state machine selects the row address 
(MALo-lO, MAHo-lO) , write mode (WlRhigh), and appropriate 
chip select (lSo-3) signals to the EDRAM at !cOl, of WI. The 
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transfer acknowledge is enabled during WI to signify a zero­
wait-state write. IRE is enabled at leOla' The column address is 
selected at leOis during W2. The lCAL outputs for the selected 
bytes and the !WE output are enabled to initiate the write cycle at 
leOla of W2. The write is terminated during W3 by bringing lCAL 
and !WE high at leOla' The IRE is brought high at leOla of W4 to 
complete the write cycle. 

• 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 WIO. In this case, IRE 
remains active to allow page mode burst writes. On each burst 
pair (i.e., W5, w6, etc.), a new column address is enabled to the 
EDRAM, and lCAL and !WE are clocked to write the next word. 
The ITA remains valid to acknowledge a write on each burst 
cycle. 

• Refresh - If a refresh request is pending during 12, the state 
machine will perform an internal refresh on the next cycle by 
jumping to Fl. Refresh mode (IF) is enabled during Fl. IRE is 
enabled at leOla of FI to perform the internal refresh cycle. The 
cycle is terminated at leOla 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 II to allow a single wait state 
while the precharge time is met. 

EORAM Memory 

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 Intel132-pin iFX780 FPGA 
datasheet. This FPGA was selected because of its fast clock to 
output delay (6ns into 30pt), 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 ofEDRAM 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 

IOns '5Ons 
I 

State L-W--X-=ii X R3 X R4 

BCLK~_ / \ 
PCLK r \ I \ / \ 

M68040:11 +I 
R1W# 1--.... """' ... I 

M68040 13 ~ ~' M68040'12 

TS# I ~- __ F-
teOls 

TM --- \ 

M68040:11----1 

A[31'O} I!IIiIIIiI!iII

I 

- 'I 

tAC 01 \ I -tGQX 

D[310} --~ I ~ 

I I 'itCOls 
MA[IO:O} r--- . ~ ColO 

WfR I 

fG 

IS 

Parameter Table 

I 

I 

\ 
• tCOls 

} 
- .~ teOts 

\ 

i
100ns 

i150ns 

X R5 X R6 X R7 X RS X R9 X RIO X 11 X 

/ \ / \ / \ / \ 

/ \ / \ / \ / \ / \ 
I 

/ \ 1 \ / 
I M68040:11 .~ 

I ~ 
M68040:13 01 
~ffi)?f2}, 

--:tCOls 

/ 

AddreJ. 
M68040:11 01 

I J' oIt~~x I 
D.tal ~ 

I tCOls 

X 

. tAC 1 
: i ~tAQX : 

Dftao: ~ 
\ ~tCOls 

X 

. tAC _ 

I ~tAQX I ~ 
Dtta2' ~ Datar 
.~ teOls ,j 

X '1013 Coil Col 2 

I I 
+itCOls 

/ 

Name Min Max Comment 
M68040:11 6.50 18 BClK to Address, CIOUT#, lOCK#, lOCKE#, RIW#, 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 

tC01s 6 ClK to Output Valid (Synchronous) 

tC01d 8 ClK to Output Valid (Delayed) 

tC01a 12 ClK to Output Valid (Asynchronous) 

tPD 10 Input or 1/0 to Output Valid 

tAC 15 Column Address Access Time 

tAQX 5 Column Address Valid to Output Invalid 

tGax 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 Cactle Miss 
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BuIst Read Miss 

150ns I 

State L-,,11---f'----~12 ---",,---,R,,-1 ---p~R,<-2 ---",----"R3 ___ A-".R4,-- A----,"RS,--"---,R",S--,,----,,R7 

BGLK~ __ ~~~~~ .. __ /~.~ 

PCLK ~-'-I-~ ·-L_/\ _ /\_ \_ / 
-M68040:1H 

R1W# f---...... __ ~-+--~-- .. --

. M68040:t3>i M68040:12 
TS# --~ ~.-~------

TA# ~~040:t;~-+--·------ _~L.IC_Ot_s ~--f.---_ .. - - ---- .. - ··---+-~~~~t-M..J68040:11~ 
A[3tOJ r-iailr---t---- ----- ---.-------
D[3t:OJ 

MA[tO:OJ 

IRE 

WIR [ 

IG 

IS 

Parameter Table 

Name Min 
M68040:11 6.50 
M68040:12 6.50 

M68040:13 6.50 
M68040:18 6.50 

tC01s 

tC01d 

tC01a 

tPD 

tAC 

tAaX 5 

tGaX 0 

tGaZ 0 

tRAC 

I [RAG it~~~jp)=_ ~t-= j tAG·~ ~tAQX [ 
D ta 

ICOts 

X 

!GQ 
Da 3 

O[93~-+~~ ['2.+ --'X ~, ·l:" ... ,e'{"""''', 
1-\ r~-~--------·------

tPD~ 

L--I ICOts 

_.\._--
ICOts 

\ .... 

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

Max 

ICOts 

I 

Comment 

18 BClK to Address, CIOUT#, lOCK#, lOCKE#, RIW#, SIZx, TlN, TMx, TTx, UPAx Valid 
BClK to Output Invalid 

18 BClK to TS# Valid 
20 BClK to Data Out Valid 

6 ClK to Output Valid (Synchronous) 

8 ClK to Output Valid (Delayed) 

12 ClK to Output Valid (Asynchronous) 

10 Input or liD to Output Valid 

15 Column Address Access Time 

Column Address Valid to Output Invalid 

5 Output Enable to Output Drive Time 

5 Output Turn-off Delay From Output Disabled 

35 Row Enable Access Time, On a Cache Miss 
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Burst Write 

State~. X 

BCLK~. I 

WI X 

\ 

i50ns 
I 

W2 

PCLK~_F \ )' \ / \ 

M68040'l1-oi I 
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- M68040 11..., I 

A{31:0{~ , 
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\ / 

i 
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i 
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\ I 

\ / \ I 
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i 
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\ I 

!150ns 
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/ \ 
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J \ I \ 
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l';~ 
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I' 
I 

. M~I;j 
I I I I ' 

/ 

/ 

I 
D{31:0] ----I .: i 

M68040:18 'I ' 
t."::':,f::3 Dam 10 

M6~040:18 " I 

Xl:_':'C"";I Datal 1 

Mik040:18 ~ I 
XL-;1C;··'~j --bata~ M~:~dr ! Dam i3 Mt:±:6~ 

I 
I 

Col3 , MA{10:0] C-·· 

WIR 

IRE 

ICAL 

/WE 

tPD ~ 

oi tCOls i • jeOls I 
! I 

.. tC01s i L ~ ~C01S 
x: X RoW X' ColO Xi COl) 

tC01a ... 

I 

I 

: 

..r 0015 

\ 
! I 

"i tCOts i "i tCOts I 

\ /! 
~ tCOls i ~ tCOls 

\ / 

Col 2 

~tCOls i ":'C015 

/ \ -I , 
":tC015 ~tCOls 
\ ;--

IS ---.. -~"" __ ...... _____ _ 

Parameter Table 

i ~ (COls 
X, 

I 

I 

~tCOls 
! 

\. I 
',tCOls I 

I· I . 
~tCOls i ~tC01s 

'\ I 

le01a -.; 

\ 
o! tCOls 

_~J-

,\tCOls l.jk01S 
~tC~~~OIS 
\.~ 

. -tPo--i 

--~ 

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 

tC01s 6 ClK to Output Valid (Synchronous) 

tC01d 8 ClK to Output Valid (Delayed) 

tC01a 12 ClK to Output Valid (Asynchronous) 

tPD 10 Input or I/O to Output Valid 

tAC 15 Column Address Access Time 

tAQX 5 Column Address Valid to Output Invalid 

tGQX 0 5 Output Enable to Output Drive Time 

tGQZ 0 5 Output Turn-off Delay From Output Disabled 

tRAC 35 Row Enable Access Time, On a Cache Miss 

Ramtron International Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in a Ramtron product, nor 
does it conveyor 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. 

• No Wait States During Burst Read Hit or Write Cycles 
• Only One Wait State During Burst Read Miss Cycles 
• Single Chip FPGA-Based Controller Solution 

Introduction 
The IDT R3051 family of 32-bit rusc microprocessors is popular 

for high performance embedded control applications. The family 
includes the follOwing members: 

• R3041- 1Kbyte Instruction, 512Byte Data Cache 
• R3051- 4Kbyte Instruction, 2Kbyte Data Cache 
• R3052 - SKbyte Instruction, 2Kbyte Data Cache 
• R30S1- 16Kbyte Instruction, 4Kbyte Data Cache, Floating Point 

Coprocessor 

These processors use a compatible 32-bit multiplexed bus which 
supports single or four-word reads and single word writes. The 
processor clock rate options include 16, 20, 25, 33, and 40MHz. 

Ramtron's EDRAM memory is the ideal main memory component 
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-

Figure 2. lOT 83051 System Block Diagram 

Clock 
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+ 
Reset# 
A2-3 

ALE. RO#. WR#. Burst# OataEn# 
RdCEn#. Ack# [ 

SvsCIk# t [ 

R3051 tit 
Processor 

EORAM Controller For 25MHz & 33MHz 
lOT 83051 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 SlMM 
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 4:1:1:1 

Burst Read Miss 3:1:1:1 4:2:2:2 4:1:1:1 

Write 2 3 3 

A single 132-pin Intel iFX7S0-1 0 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 SlMM modules (15ns or 20ns version). The 
design will also work with 16 or 20MHz versions ofthe R3041. This 

System 
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Controller 
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t 
4-16Mbyte 
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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 R305I family. 

EDRAM Controller Design 
The objective of this single chip FPGA controller design is to 

support all R305I 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 
(DMIM32) or two 8Mbyte EDRAM SIMM modules (DM2M32) 
without external buffer components. 

The R305I supports the following memory transactions: 

• Single 32-bit Reads 
• Four 32-bit Reads 
• 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: 

• ADo-3l - Address/Data Bus 
• A2•3 - Low Address 
• ALE - Address Latch Enable 
• RD# - Read Enable 
• WR# - Write Enable 
• Burst#/WrNEAR - Burst EnablelWrite Page Flag 
• RdCEn# - Read Buffer Clock Enable 
• Ack# - Acknowledge 
• Reset#- Processor Reset 
• SysClk# - System Clock Output 

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

Figure 3. EDRAM Controller Block Diagram 

MALo-1o MAHO_10 

EORAM Memory 

• MALo-9 - Multiplex Address, Bank 0-1 
• MAHo-9 - Multiplex Address, Bank 2-3 
• MALAIO - Bank 0, AIO 
• MALBIO - Bank 1, AIO 
• MAHAIO - Bank 2, AIO 
• MAHBIO - Bank 3, AIO 
• 1RE0-3 - Row Enables for Bank 0-3 
• /CALo-3 - Column Address Latch Inputs for Bytes 0-3 
./FO-l - Refresh Mode Input for LowlHigli Banks 
• WIRo_1 - Write/Read Mode Ioput for LowlHigh Banks 
• /SO-3 - Chip Selects for Bank 0-3 
.1WEo-1 - Write Enable for LowlHigli Banks 

The EDRAM /G output enable signals are tied directly to the 
processor DataEn# output. 

EDRAM Controller Functional Description 
This section describes the EDRAM controller internal block 

diagram shown in figure 3. 
The Refresh Counter divides the SysClk# signal to generate 

a 62\1sec refresh clock for the EDRAM. The refresh request will 
trigger an /F refresh on the next available bus cycle. 

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

The HitlMiss 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 

EDRAM 
Control 
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multiplex address output busses are used for MAo-9 to 
limit the capacitance driven by the FPGA. In the case 
of MAIO, 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 Sns to achieve the goal of 
zero-wait-state operation at 33MHz. 

Figure 4. R3051 State Machine 

The Burst Address Generator increments the 
lower two multiplexed address bits (MAo-I) using the 
linear burst sequence used during R3051 cache fill 
cycles. The upper bits (MA2_s) are identical to the 
column address. 

The Address Decoder decodes the address bits 
(A23-31) to determine if a valid memory address is 
present. The EDRAM memory is enabled for memory 
transactions in the lower 16Mbyte address range in 
this example. 110 and other memory devices are 
presumed to be mapped into the remaining address 
space. 

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

• Reset Sequence - When the Reset# input is low, 
the processor is in its reset state. The EDRAM 
controller initializes the controller logic and then 
enables refresh cycles. The controller will perform 
the required eight IF refresh cycles while ReseW 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 ReseW 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: 

• 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 (MALo-s, MAHo-s) and 
the appropriate chip select (/SO-3) to the EDRAM, and the 
RdCEn# and Ack# acknowledges to the processor during R2. All 
control signals are available leOis after the falling edge of the 
system clock. The processor enables data onto the address/data 
bus using its DataEn# output. 

• Burst Read Hit Sequence - If the Burst# is low, the state 
machine will continue from state R2 to the burst read sequence 
R3 through R5. During each state a new burst address is output 
to the EDRAM at leOls after the clock. The chip select and 
RdCEn# outputs and processor DataEn# remain valid. 
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• Read Miss Sequence - When a read miss is detected, the state 
machine will perform an IRE active 32-bit read from the 
EDRAM. During Rl, the row address (MALo-lO, MAHo-lo) and 
chip select (lSo-3) are presented to the EDRAM. The IRE signal 
for the selected EDRAM bank is clocked leOla after Rl to initiate 
a DRAM row access. This access will transfer the new row to 
SRAM cache. During R2, the column address is presented to 
read the cache location, and the RdCEn# and Ack# 
acknowledges are generated to the processor to acknowledge 
the access. The processor enables data onto the address/data 
bus using its DataEn# output. 
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• Burst Read Miss Sequence - If the Burst# is low, the state 
machine will continue from state R2 to the burst read sequence 
R3 through R5. During each state a new burst address is output 
to the EDRAM at leOls after the clock. The chip select and 
RdCEn# outputs and processor DataEn# remain valid. 

• Write Sequence - An IRE active single write cycle is 
performed. The bytes written are determined by the BE#0.3 
inputs placed on the ADO•31 bus during address output time. The 
state machine activates the appropriate lCALo.3 outputs to enable 
the correct bytes of memory. The state machine selects the row 
address (MALo-to, MAHO-IO) and appropriate chip select (1S0-3) 
signals to the EDRAM and the Ack# acknowledge to the 
processor during WI. IRE is enabled lema after the beginning of 
WI. The column address is selected at leols ofW2. The /WE and 
lCAL outputs for the selected bytes are enabled at lema of W2 to 
initiate the write cycle. Since the write was acknowledged during 
WI, 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 11. If the next 
cycle is a write cycle, the state machine checks the 
Burst#lWrNEAR input to determine if a page write hit has 
occurred. On a page write hit, the EDRAM IRE output remains 
low and the EDRAM performs another page write cycle by 
jumping back to WI. The EDRAM can perform a series of zero­
wait-state writes on consecutive back-to-back write cycles that 
are in the same page. On a write miss, the state machine jumps 
to 11 to insert a wait state while the EDRAM precharge occurs. 

• Refresh - If a refresh is pending during 11, the state machine 
will perform an internal refresh on the next cycle by jumping to 
FI. Refresh mode (IF) is enabled during FI.IRE is enabled leOla 
after FI 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. 

EORAM Memory 

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 IF and /WE are split into two pins which drive either 
the low or high two banks of memory. On the other hand, the 
lCALo_3 signals are lightly loaded and a single pin drives all four 
banks of memory. 

The attached read hit, burst read hit, read miss, burst read 
miss, write, and page mode write timing sequences demonstrate 
the timing of the EDRAM controller in a 33MHz R305 I 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 Intel132-pin iFX780-10 FPGA datasheet. The Intel FPGA 
was selected because of its fast clock to output delay (6ns into 
30pO, fast setup time (6.sns), 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 sinlpler version of this controller 
supporting up to 8Mbytes of EDRAM could be inlplemented 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 

R305 I 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 inlproves R3051 system 
performance by Significantly reducing the number of wait states 
over a standard DRAM or interleave DRAM. This system should 
provide one of the fastest and most integrated embedded control 
solutions available. 
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Single-Word Read Hit 

IOns 
I 

STATE 1 ___ lL- X 

SysClk ,---- \ 

R3051:t8 
ALE _~ 

/Burst 

., R305t:t9 +1 
-------1 ::::: ~ 

M~ --------- \ 

---->I R3051:tI6 

IRdCEn 

Addr[3:2] 

I >iR3051:t7 
AID{31:0] .-; 

MA{10:0] 

IRE 

! 

i R30St:!18 ~ 
Add~ !) 

, I 

I tCOIS.! 

I X 

R3051:tll 
lDataEn,IG 

~ R3051:t7 
IRd \ ____ _ 

tCOI~ 
WIR [-- ____ ---+ ____ -'----_ 

IS 

Parameter Table 

Name Min Max 

tCOI~ 
\ 

R2 

/ 

Word Address 

tAC ,-1 
>:tGoj)( 

~ 

\ 

X 

\ 

i50ns 
I 

tCOld ~ 
/ 

tCOld >i 
/ 

->itGOZ 
Data f.,~;j;, ,::"o~::;} 

I tl 
1-- ~"" 
---~ R3051:tI5 
~_r-

Comment 
R3051:t7 4 Wr#, Rd#, Burst#IWrNear#, AID 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 

11 

/ 

I
I ~ R3051:t8 

i / 

.I R3051:t7 

\ 

~R3051:tI6 
X 

~ R3051:t7 
( 

-- ~ R3051:t7 

i75ns 

X 

\ 
~ R3051:t9 

\ 

: R3051:t18 ~ 
Addl ) 

I tCOIS~ 

R3051:tll~ 

\ -+------
tCOI~ 

r--~-----
'tCOI~ 

/ 

R3051:t15 5 Wr#, Rd#, DataEn#, Burst#IWrNear# Negated From SysClk Falling 

R3051 :t16 5 Addr(3:2) Valid From SysClk 

R3051:t18 9 AID Tri-state From SysClk Falling 

R3051:t19 10 SysClk Falling to Data Out 

tC01s 6 ClK to Output Valid (Synchronous) 

tC01d 8 ClK to Output Valid (Delayed) 

tC01a 12 ClK to Output Valid (Asynchronous) 

tClR 15 Input or I/O 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 

tGQZ 0 5 Output Turn-off Delay From Output Disabled 

tRAC 35 Row Enable Access Time, On a Cache Miss 
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Single-Word Read Miss 

1
50ns 
I I 

STATE 1-1-' --y----Rl----y---------R2- ------'1:---- 11 

SysClk f ~ __ ~ \ ________ _ I 
I~R3051:t8 R3051:/8 R3051:t9 R3051:t9 

ALE;----\ ___ _ 

---- -- -- !-~R3051:t7 
/Bursl 

IRdCEn 

lAck 
-----~-

~R3051:t16 
Addr[3:2j X - -- -

~R3051:t7 
AlDI31 :OJ Add 

MA[IO:Oj 

IRE 

lD,taEn,lG 

, ~ R3051:17 
IRd -\ 

IS: 

Parameter Table 

Name Min Max 
R3051:t7 4 
R3051 :t8 3 
R3051 :t9 3 
R3051:tll 13 

R3051:t15 5 

R3051:t16 5 

R3051:t18 9 

R3051 :t19 10 

tCOls 6 

tCOld 8 

tCOla 12 
tClR 15 

tAC 15 

tAQX 5 

tGQX 0 5 

tGQZ 0 5 

tRAC 35 

~ R3b51:t18 
) : 

.~ /cOls' 
- -X ' 

/Cal, ~ 
\ 

~ /CO Is 
\ 
~ /cOls 

\ 
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/c01~ 
\ 

-/cOld~ 
- -\ 

.: /cOls - '!---

R3051:t11 

-ICOI~ 
- __ ___ I 

Data 

ICOld~ ____ r I 

1- 4 R3051:tI6 

~ tGQ~~ R3051:t7 ------>I R3051. 
--] -- ( Add ------r--

-Ol----t----- ---1 /COls 

I aI, .-~ I 

j I 

R3051:t15 ! R3051:tl1~ 
/ \ , 

--~ R3051:tI5: ~ R3051:t7 

.---------------~ 

Comment 

-- ~ /cOls 

~ /COls 

I 

Wr#, Rd#, Burst#/WrNear#, AID Valid From SysClk Rising 
ALE Asserted From SysClk Rising 

ALE Negated From SysClk Falling 
DataEn# Asserted From SysClk Falling 

Wr#, Rd#, DataEn#, Burst#lWrNear# Negated From SysClk Falling 

Addr(3:2) Valid From SysClk 

AID Tri-state From SysClk Falling 

SysClk Falling to Data Out 

ClK to Output Valid (Synchronous) 

ClK to Output Valid (Delayed) 

ClK to Output Valid (Asynchronous) 
Input or I/O to Asynchronous Clear/Preset 

Column Address Access Time 

Column Address Valid to Output Turn-on 

Output Enable to Output Drive Time 

Output Turn-off Delay From Output Disabled 

Row Enable Access Time, On a Cache Miss 
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Quad-WDrtI Read Hit 

STATE~- R2 

SysClk

l 
,r ~ R3051:t8~1 ~ R3051:t: 
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11 X 

/ \ 
.~ R3051:t8,~ R3051:t9 

/.- '\ 
~ R3051:t7 

~R3051: 15i 
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~ teO d 
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~R3051:tI6 
'11,1 X 

I 1 R305I't7 

wor~ 3[~ tG 'Z ( Addr 
.~ teOls 
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-+--
1 

R3051, 15 f-------II 
IOataEn,tG \ - ... ---r-------. -~------+ 

/ . 

--I R3051:tt 
~ R3051:t151 

I 

I~R3051:t 
IRd '-----1---------------+---- ---

r---f--':~ teOls: 
WIR -+_-+_, ____ _ 

IS 
~ teOls 

\ 

Parameter Table 

Name Min Max Comment 
R3051 :t7 4 Wr#, Rd#, Burst#/WrNear#, AID 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 SyS'Clk Falling 

/ ~C;-'---.-----
I jt~~= 

~tCOls 

/ 

R3051:t15 5 Wr#, Rd#, DataEn#, Burst#/WrNear# Negated From SysClk Falling 

R3051:t16 5 Addr(3:2) Valid From SysClk 

R3051 :t18 9 AID Tri-state From SysClk Falling 

R3051:t19 10 SysClk Falling to Data Out 

tC01s 6 ClK to Output Valid (Synchronous) 

tC01d 8 ClK to Output Valid (Delayed) 

tC01a 12 ClK to Output Valid (Asynchronous) 
tClR 15 Input or I/O 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 

tGQZ 0 5 Output Turn-off Delay From Output Disabled 

tRAC 35 Row Enable Access Time, On a Cache Miss 
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Quad-Word Read Miss 
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EORAM Memory 
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\ 
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_ Word 2 
L:: tGO;3 , 

_ wor~ 3.~ (Addr 

MA{10:0} X Row X ColO I X Coil X 
tCOla I ~ lCOla 

IRE \ / 

IDataEn, IG 'I 

~ R3051. 7 
IRd \ 

WIR 

IS 

... ,teots 
\ 

";'tCOls 

\ 

• R3051:tll 

Col 2 x 

Parameter Table 

Name Min Max Comment 
R3051 :t7 4 Wr#, Rd#, Burst#IWrNear#, AID 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#IWrNear# Negated From SysClk Falling 

R3051:t16 5 Addr(3:2) Valid From SysClk 

R3051:t18 9 AID Tri-state From SysClk Falling 

R3051:t19 10 SysClk Falling to Data Out 

tC01s 6 ClK to Output Valid (Synchronous) 

tC01d 8 ClK to Output Valid (Delayed) 

tC01a 12 ClK to Output Valid (Asynchronous) 

tClR 15 Input or I/O 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 

tGQZ 0 5 Output Turn-off Delay From Output Disabled 

tRAC 35 Row Enable Access Time, On a Cache Miss 
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Single-Word Write 
IOns 

i 

STATE L_ _11 ____ _ 

SysClk r---
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/WrNear 
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IRE 
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WIR L~~~~~:;; I 
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-tCOts 
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Parameter Table 

Name Min Max Comment 
R3051 :t7 4 Wr#, Rd#, Burst#/WrNear#, AID 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 AID Tri-state From SysClk Falling 

R3051 :t19 10 SysClk Falling to Data Out 

tC01s 6 ClK to Output Valid (Synchronous) 

tC01d 8 ClK to Output Valid (Delayed) 

tC01a 12 ClK to Output Valid (Asynchronous) 
tClR 15 Input or I/O 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 

tGQZ 0 5 Output Turn-off Delay From Output Disabled 

tRAC 35 Row Enable Access Time, On a Cache Miss 
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Single-Word Write Followed by Page-Mode Write 
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Parameter Table 
Name Min Max Comment 

R3051 :t7 4 Wr#, Rd#, Burst#lWrNear#, ND 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#lWrNear# Negated From SysClk Falling 

R3051 :t16 5 Addr(3:2) Valid From SysClk 

R3051 :t18 9 ND Tri-state From SysClk Falling 

R3051t19 10 SysClk Falling to Data Out 

tC01s 6 ClK to Output Valid (Synchronous) 

tC01d 8 ClK to Output Valid (Delayed) 

tC01a 12 ClK to Output Valid (Asynchronous) 
tClR 15 Input or I/O to Asynchronous Clear/Preset 

tAC 15 Column Address Access Time 

tAOX 5 Column Address Valid to Output Turn-on 

tGOX 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 

Ramtron International Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in a Ramtron product, nor does It conveyor 
imply any license under patent or other rights. © Copyright 1994 Ramtron International Corporation. 
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Independent Sales Offices 

u.s. REPRESENTATIVES DElAWARE KANSAS NEW YORK - Upstate 
NEW JERSEY - South Rush & West Associates, Inc. Technical Marketing Resources 

ALABAMA PENNSYLVANIA - East 333 East Poplar, Suite C-3 12 Chablis Drive 
Electronic Marketing Associates Nexus Technical Sales, Inc. Olathe, KS 66061 Fairport, NY 14450 
7501 South Memorial Parkway, 200 Lakeside Drive, Suite 236 Tel: 913-764-2700 Tel: 716-223-5656 Suite 106 Horsham, PA 19044 Fax: 913-764-0096 Fax: 716-223-2408 Huntsville, AL 35802 Tel: 215-675-9600 Tel: 205-880-8050 Fax: 215-675-9604 KENTUCKY 8274 Thimblerik Circle 
Fax: 205-880-8054 

MICHIGAN Manilus, NY 13104 
ARIZONA FLORIDA Applied Data Management Tel: 315-682-1777 
Hi-Tech Sales Company DELMAC Sales, Inc. 435 Dayton Street Fax: 315-682-6599 
11811 North Tatum Boulevard, Suite 3031 2000 Tree Fork Lane, Suite 106 

Cincinnati, OH 45214 
Phoenix, AZ 85028 Longwood, FL 32750 

Tel: 513-579-8108 OHIO - North 
Tel: 602-953-7826 Tel: 407-831-0040 

Fax: 513-579-851 0 PENNSYLVANIA - West 
Fax: 602-953-7737 Fax: 407-831-0025 Mid Star 
ARKANSAS 1761 West Hillsboro Blvd., Suite 312 MAINE 2538 Revere Drive 
LOUISIANA Deerfield Beach, FL 33441 MASSACHUSETTS Akron, OH 44333 
OKLAHOMA Tel: 305-427-7788 NEW HAMPSHIRE Tel/Fax: 216-867-7633 
MREP Fax: 305-427-7949 RHODE ISLANO 
12801 Stem mons Freeway, Suite 825 8639 North Himes Ave., Suite 3617 VERMONT OHIO-South 
Dallas, TX 75234 Tampa, FL 33614 Integrated Technology, Inc. WEST VIRGINIA 
Tel: 214-484-5711 Tel: 813-935-1477 182 Main Street Mid Star Fax: 214-484-0634 Fax: 813-933-0620 Salem, NH 03079 35 Compark Road, Suite 204 
CALIFORNIA - North 

GEORGIA Tel: 603-898-6333 Centerville, OH 45458 
NEVADA (except Clark Co) Fax: 603-898-6895 Tel: 513-439-5700 
Phase /I Technical Sales Electronic Marketing Associates Fax: 513-439-6657 
2700 Augustine Drive, Suite 110 6695 Peachtree Industrial MINNESOTA 
Santa Clara, CA 95054 Boulevard, Suite 101 NORTH DAKOTA OREGON Tel: 408-980-0414 Atlanta, GA 30360 SOUTH DAKOTA Electronic Sources, Inc. Fax: 408-980-8932 Tel: 404-448-1215 WISCONSIN - West 6850 S.w. 1 05th, Suite B 
CALIFORNIA - South Fax: 404-446-9363 

Customer 1 st Beaverton, OR 97005 
Prism Associates IDAHO 2950 Metro Drive, Suite 110 Tel: 503-627-0838 
130 Bristol Lane Lange Sales, Inc. Bloomington, MN 55425 Fax: 503-627-0238 
Orange, CA 92665 12301 West Explorer Drive, Suite 205 Tel: 612-851-7909 Tel: 714-283-8744 Boise, ID 83704 Fax: 612-851-7907 TEXAS Fax: 714-283-8729 Tel: 208-323-0713 MREP 
22144 Clarendon Street, Suite 220 Fax: 208-323-0834 MISSISSIPPI 12801 Stem mons Freeway, Suite 825 
Woodland Hills, CA 91367 

ILLINOIS - North NORTH CAROLINA Dallas, TX 75234 Tel: 818-710-6607 SOUTH CAROLINA Tel: 214-484-5711 Fax: 818-710-6613 Paltronics 
TENNESSEE Fax: 214-484-0634 

5355 Mira Sorrento Place, Suite 100 242 West Devon Avenue 
Electronic Marketing Associates 

San Diego, CA 92121 Bensenville, IL 60106 
6600 Six Forks Road, Suite 201 10616 Mellow Meadow, Suite 30C 

Tel: 619-597-7502 Tel: 708-616-9527 
Raleigh, NC 27615 Austin, TX 78750 

Fax: 619-597-7602 Fax: 708-616-9506 
Tel: 919-847-8800 Tel: 512-250-0828 

COLORADO ILLINOIS - South Fax: 919-848-1787 Fax: 512-250-8919 
Lange Sales, Inc. MISSOURI 

9407 Kings Falls Drive 1500 West Canal Court, Rush & West ASSOCiates, Inc. UTAH 
Building A, Suite 100 2170 Mason Road Charlotte, NC 28210 Lange Sales, Inc. 

Littleton, CO 80120 St. Louis, MO 63131 Tel: 704-544-9948 772 East 3300 South, Suite 205 
Tel: 303-795-3600 Tel: 314-965-3322 Fax: 704-544-9941 Salt Lake City, UT 84106 
Fax: 303-795-0373 Fax: 314-965-3529 Tel: 801-487-0843 
CONNECTICUT NEW JERSEY - North Fax: 801-484-5408 INOIANA NEW YORK - South Connecticut Applied Technology, Inc. Applied Data Management Nexus Sales WASHINGTON 555 Highland Avenue, Suite 2 
Cheshire, CT 06410 P.O. Box 0213 2460 Lemoine Avenue Electronic Sources, Inc. 
Tel: 203-272-6564 Batesville, IN 47006-0213 Ft. Lee, NJ 07024 1603 116th Avenue N.E., Suite 115 
Fax: 203-271-3670 Tel: 317-257-8949 Tel: 201-947-0151 Bellevue, WA 98004 Fax: 513-579-8510 Fax: 201-947-0163 Tel: 206-451-3500 DISTRICT OF COLUMBIA 
MARYLAND IOWA Fax: 206-451-1038 
VIRGINIA NEBRASKA NEW MEXICO 
New Era Sales Rush & West Associates, Inc. Nelco Electronix WISCONSIN - East 
890 Airport Park Road, Suite 103 4537 Brady Street 3240C Juan Tabo Boulevard, N.E. Paltronics 
Glen Burnie, MD 21061 Davenport, IA 52807 Albuquerque, NM 87111 2350 Chalet Gardens Road, Suite 31 
Tel: 410-761-4100 Tel: 319-388-9494 Tel: 505-293-1399 Madison, WI 53711 
Fax: 410-761-2981 Fax: 319-388-9609 Fax: 505-293-1011 Tel/Fax: 608-276-7602 R20090694 
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Independent Sales Offices 
.f 

U.S. DISTRIBUTORS NEW YORK - South FINLAND JAPAN 
NuHorizons NC ScandComp Finland Oy Inno Micro Corporation 

ALABAMA 6000 New Horizons Boulevard Asemakuja 2C KM Dai-ichi, Building 2-13-13, 
MISSISSIPPI Amityville, NY 11701 FIN-02770 ESPOO, Finland Shinyokohama Tel: 516-226-6000 
TENNESSEE Fax: 516-226-6140 Tel: 358-0-859-3099 Kouhoku-ku, Yokohama-shi, Kanagawa 
NuHorizons Fax: 358-0-859-2120 222 Japan 
4801 University Square, Suite 11 OHIO Tel: 81-45-476-7508 
Huntsville, AL 35816 Nu Horizons FRANCE Fax: 81-45-476-7518 
Tel: 205-722-9330 6200 SOM Center Road, Suite A-15 Unirep 
Fax: 205-722-9348 Solon,OH 44139 Z.I. de la Bonde Systems Marketing, Inc. 

Tel: 216-349-2008 1 bis, rue Marcel Paul Bat B. Fukui Building, 2-2-12, Sotokanda 
CONNECTICUT Fax: 216-349-2080 91300 Massy, France Chiyoda-Ku, Tokyo, 101 Japan 
MAINE TEXAS Tel: 33-1-6920-0364 Tel: 81-3-3254-2751 
MASSACHUSETTS Nu Horizons Fax: 33-1-6920-0061 Fax: 81-3'3254-3288 
NEW HAMPSHIRE 2081 Hutton Drive, Suite 119 A2M Tau Engineering RHODE ISLAND Carrollton, TX 75006 5 Rue Carle Vernet VERMONT Tel: 214-488-2255 92315 Sevres Cedex, France 

Edogawabashi Ekimae Building 
Nu Horizons Fax: 214-488-2265 1-20-10, Sekiguchi 
19 Corporate Place Tel: 33-1-46-23-79-00 Bunkyo-Ku, Tokyo, 112 Japan 
107 Audubon Road, Building One Fax: 33-1-46-23-79-23 Tel: 81-3-5229-4511 
Wakefield, MA 01880 INTERNATIONAL 

GERMANY Fax: 81-3-5229-4515 
Tel: 617-246-4442 INDEPENDENT SALES 
Fax: 617-246-4462 OFFICES 

Intercomp 
KOREA Schustergasse 35 

DISTRICT OF COLUMBIA 55278 Kongernheim, Germany Data 2000 
AUSTRALIA Tel: 49-6737-9881 Gugu Building, 8th Floor 

DELAWARE NEW ZEALAND Fax: 49-6737-9882 145-18 Samsung-Dong, Kangnam-Ku MARYLAND Intag International Pty. Ltd. 
NORTH CAROLINA AM Hochwald 42 Seoul, Korea 

Level 9, 27-31 Macquarie Place Tel: 82-2-561-6670 VIRGINIA Syd ney, Austral ia 2000 82319 Starn berg, Germany 
NuHorizons Tel: 61-02-252-4055 Tel: 49-8151-16044 Fax: 82-2-561-6645 
8975 Guilford Road, Suite 160 Fax: 61-02-252-4064 Fax: 49-8151-79270 

MALAYSIA Columbia, MD 21046 
Tel: 301-995-6330 BELGIUM Kniebisstr. 40/1 SINGAPORE 
Fax: 301-995-6332 LUXEMBOURG 78628 Rottweil, Germany Serial System PTE Ltd. 

THE NETHERLANDS Tel: 49-741-14845 11 Jalan Mesin 
FLORIDA Nijkerk Electronika B. V. Fax: 49-741-15220 Standard Ind. Bldg., #06-00 
Nu Horizons Drentestraat 7 MSC Singapore 1336 
3421 NW. 55th Street 1083 HK Amsterdam, The Netherlands IndustriestraBe 16 Tel: 65-2800200 
Fort Lauderdale, FL 33309 Tel: 31-20-549-5969 76297 Stutensee 3, Germany Fax: 65-2866723 
Tel: 305-735-2555 Fax: 31-20-642-3948 Tel: 49-72-49-9100 Fax: 305-735-2880 Fax: 49-72-49-7993 NORWAY CANADA 
GEORGIA Weiss Co. Tekelec Airtronic NC ScandComp Norway AlS 
SOUTH CAROLINA 2044 St. Regis Boulevard Kapuzinerstrasse 9 Aslakveien 20 F 
Nu Horizons Dorval, PO H9P 1 H6, Canada 80337 Munchen 2, Germany 0753 Oslo, Norway 
5555 Oakbrook Parkway, Suite 370 Tel: 514-685-6644 Tel: 49-89-51640 Tel: 47-22-50-60-50 
Norcross, GA 30093 Fax: 514-685-6950 Fax: 49-89-5164110 Fax: 47-22-50-27-77 
Tel: 404-416-8666 7270 Torbram Road, Unit 5 Fax: 404-416-9060 Mississauga, ON L4T 3Y7, Canada HONG KONG SWEDEN 

Tel: 905-673-0011 TAIWAN NC ScandComp Sweden AB 
NEW JERSEY - North Fax: 905-673-1270 Prornate Electronic Co., Ltd. Domnarvsgatan 33 
Nu Horizons 4F 30, Sec. 1 S-16308 Spanga, Sweden 
39 U.S. Route 46 4381 Fraser Street, Suite 202 Huan Shan Rd., Nei Hu Tel: 46-8-761-73-00 
Pine Brook, NJ 07058 Vancouver, BC V5T 4E9, Canada Taipei, Taiwan R.O.C. 114 Fax: 46-8-760-46-69 Tel: 201-882-8300 Tel: 604-873-1112 Tel: 886-2-6590303 
Fax: 201-882-8398 Fax: 604-873-1120 Fax: 886-2-6580988 SWITZERLAND 
NEW JERSEY - South 

No.6, Gurdwara Road, Suite 200 Anatec 
Nepean, ON K2E 8A3, Canada ISRAEL Sumpfstrasse 7 PENNSYLVANIA - East Tel: 613-225-1810 Star-Tronics Ltd. 

Nu Horizons Fax: 613-228-0179 7, Derech Hashalom 
CH 6300, ZUG, Switzerland 

18000 Horizon Way, Suite 200 Tel-Aviv 67892, Israel Tel: 41-42-41-24-41 
Mount Laurel, NJ 08054 523 Parkridge Drive S.E. Fax: 41-42-41-31-24 
Tel: 609-231-0900 Calgary, AB T2J 5C2, Canada Tel: 972-3-6960148 

Fax: 609-231-9510 Tel/Fax: 403-278-4762 Fax: 972-3-6960255 
UNITED KINGDOM 

NEW YORK - Upstate DENMARK ITALY MMD 
NuHorizons NC ScandComp Denmark AlS ComprelRep 3 Bennet Court 
333 Metro Park Rentemestervej 69A V. Le Romagna, 1 Reading, Berks RG2 OOX 
Rochester, NY 14623 DK-2400 Kobenhavn NV, Denmark 20092 Cinisello B. (Mil, Italy United Kingdom 
Tel: 716-292-0777 Tel: 45-3119-4433 Tel: 39-2-612-900-72 Tel: 44-734-313232 
Fax: 716-292-0750 Fax: '45-3110-1287 Fax: 39-2-612-905-26 Fax: 44-734-313255 
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