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SMART®

Modular Technologies



 

16MByte (16M x 9)  DRAM  Module - 16Mx1 based
30-pin SIMM

 

Features

 

• Standard : JEDEC
• Configuration : Parity
• Access Time : 60/70/80ns
• Operation Mode : FPM
• Operating Voltage : 3.3/5.0V
• Refresh : 4K
• Device Physicals : 300mil SOJ/TSOP
• Lead Finish : Gold/Solder
• Length x Height : 3.500" x 0.830"
• No. of sides : Double-sided

 

Part Numbers

 

SM509161004PUUU : FPM, 5.0V
SM509161014PUUU : FPM, 3.3V

Note: Refer last page for all "U” options.

 

Functional Diagram
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Decoupling capacitors
to all devices.

 

( All specifications of this device are subject to change without notice.)
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Pin Name

 

A0~A11 Addresses
DQ0~DQ7 Data Inputs/Outputs
D8 Parity Data In
Q8 Parity Data Out
PCAS# Parity CAS
CAS# Column Address Strobe
RAS# Row Address Strobe
WE# Write Enable
V

 

CC

 

Power Supply
V

 

SS

 

Ground
NC No Connection

Pin Pin Pin Pin
No. Designation No. Designation

  1 V

 

CC

 

16 DQ4

  2 CAS#   17 A8
  3 DQ0  18 A9

  4 A0  19 A10
  5 A1 20 DQ5 
  6 DQ1 21 WE# 
  7 A2 22 V

 

SS

 

  8 A3 23 DQ6
  9 V

 

SS

 

24 A11

10 DQ2 25 DQ7
11 A4 26 Q8
12 A5 27 RAS#
13 DQ3 28 PCAS#
14 A6 29 D8

15 A7 30 V

 

CC
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Absolute Maximum Ratings

Parameter Symbol Ratings Unit 

 

Vcc=3.3V Vcc=5.0V

Voltage on any pin relative to V

 

SS

 

V

 

T

 

- 0.5 to +4.6 - 1.0 to +7.0 V

Power Dissipation P

 

T

 

9 9 W

Operating Temperature T

 

opr

 

0 to +70 0 to +70

 

°

 

C

Storage Temperature T

 

stg

 

- 55 to +150 - 55 to +150

 

°

 

C

Short Circuit Output Current I

 

OS

 

50 50 mA

 

DC Characteristics

 

Recommended DC Operating Conditions

 

(T

 

A

 

 = 0 to +70

 

°

 

C)

 

Parameter  Symbol

 

Vcc=3.3V Vcc=5.0V

 

Unit
Min Typ Max Min Typ Max

 

Supply Voltage V

 

CC

 

3.0 3.3 3.6 4.5 5.0 5.5 V

Ground V

 

SS

 

0 0 0 0 0 0 V

Input High Voltage V

 

IH

 

2.0 - V

 

CC 

 

+0.3 2.4 - V

 

CC

 

+1.0 V

Input Low Voltage V

 

IL

 

-0.3 - 0.8 -1.0 - 0.8 V

 

Capacitance

 

(V

 

CC

 

 = 3.3V

 

±

 

10%/5.0V

 

±

 

10%, T

 

A

 

 = +25

 

°

 

C)

 

Parameter Symbol Max Unit

 

Input Capacitance (Address) C

 

I1

 

55 pF

Input Capacitance (RAS#, WE#) C

 

I2

 

73 pF

Input Capacitance (CAS#) C

 

I3

 

66 pF

Input Capacitance (PCAS#) C

 

I4

 

17 pF

Input Capacitance (D8) C

 

I5

 

17 pF

Output Capacitance (Q8) C

 

O1

 

17 pF

Input/Output Capacitance (DQ0~DQ7) C

 

I/O

 

17 pF

Notes :  Capacitance is sampled per Mil-Std-883.
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DC Characteristics (cont’d)

 

(V

 

CC

 

 = 3.3V

 

±

 

10%, V

 

SS

 

  = 0V, T

 

A

 

 = 0  to +70 

 

°

 

C)

 

 

Parameter Symbol Test Conditions 60ns 70ns 80ns      Unit

 

Min Max Min Max Min Max

Input Leakage Current I

 

LI

 

0V 

 

≤

 

 V

 

in 

 

≤

 

 V

 

CC

 

+0.3V -90 90 -90 90 -90 90

 

µ

 

A

Output Leakage Current I

 

LO

 

0V 

 

≤

 

V

 

out

 

 

 

≤

 

 V

 

CC

 

-10 10 -10 10 -10 10

 

µ

 

A

D

 

out

 

 = Disable

Output High Voltage V

 

OH

 

High I

 

out

 

 = -2mA 2.4 - 2.4 - 2.4 - V

Output Low Voltage V

 

OL

 

Low I

 

out

 

 = 2mA  - 0.4 - 0.4  - 0.4 V

(V

 

CC

 

 = 5.0V

 

±

 

10%, V

 

SS

 

  = 0V, T

 

A

 

 = 0  to +70 

 

°

 

C)

 

 

 Parameter Symbol Test Conditions 60ns 70ns 80ns      Unit

 

Min Max Min Max Min Max

Input Leakage Current I

 

LI

 

0V 

 

≤

 

 V

 

in

 

 

 

≤

 

 V

 

CC

 

+0.5V -90 90 -90 90 -90 90

 

µ

 

A

Output Leakage Current I

 

LO

 

0V 

 

≤

 

V

 

out

 

 

 

≤

 

 V

 

CC

 

-10 10 -10 10 -10 10

 

µ

 

A

D

 

out

 

 = Disable

Output High Voltage V

 

OH

 

High I

 

out

 

 = -5mA 2.4 - 2.4 - 2.4 - V

Output Low Voltage V

 

OL

 

Low I

 

out

 

 = 4.2mA  - 0.4 - 0.4 - 0.4 V
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(VCC = 3.3V±10%, VSS  = 0V, TA = 0  to +70 °C)

Parameter Symbol Test Conditions Max. Unit Note
60ns 70ns 80ns

Operating Current ICC1 RAS#, CAS# cycling; 720 630 540 mA 1, 2

tRC = min.

LVTTL Interface
RAS#, CAS# ≥ VIH 18 18 18 mA

Standby Current ICC2 Dout = High-Z

CMOS Interface   
RAS#, CAS# ≥ VCC - 0.2V 9 9 9 mA

Dout = High-Z

RAS#-only Refresh ICC3 CAS#=VIH; RAS#, Address 720 630 540 mA 2

 Current cycling @ tRC=min.

CAS#-before-RAS# ICC4 RAS#, CAS# cycling @ 720 630 540 mA

 Refresh Current tRC=min.

Fast Page Mode ICC5 RAS#=VIL, CAS#, Address 630 540 450 mA 1, 3

 Current cycling @ tPC=min.

DC Characteristics (cont’d)

(VCC = 5.0V±10%, VSS  = 0V, TA = 0  to +70 °C)

Parameter Symbol Test Conditions Max. Unit Note
60ns 70ns 80ns

Operating Current ICC1 RAS#, CAS# cycling; 720 630 540 mA 1, 2

tRC = min.

TTL Interface
RAS#, CAS# ≥ VIH 18 18 18 mA

Standby Current ICC2 Dout = High-Z

CMOS Interface   
RAS#, CAS# ≥ VCC - 0.2V 9 9 9 mA

Dout = High-Z

RAS#-only Refresh ICC3 CAS#=VIH; RAS#, Address 720 630 540 mA 2

 Current cycling @ tRC=min.

CAS#-before-RAS# ICC4 RAS#, CAS# cycling @ 720 630 540 mA

 Refresh Current tRC=min.

Fast Page Mode ICC5 RAS#=VIL, CAS#, Address 630 540 450 mA 1, 3

 Current cycling @ tPC=min.

Notes: 1. Values depend on output load condition when the device is selected.  Maximum values are specified at the output open condition.
2. Address can be changed once or less while RAS# = VIL .
3. Address can be changed once or less while CAS# = VIH .
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(VCC = 3.3V±10%/5.0V±10%, VSS = 0V, TA = 0  to +70 °C)

Parameter Symbol 60ns 70ns 80ns Unit Notes
Min Max Min Max Min Max

Common to Read and Write Cycles
Column address set-up time tASC 0 - 0 - 0 - ns
Row address set-up time tASR 0 - 0 - 0 - ns
Column address hold time tCAH 10 - 15 - 15 - ns
CAS# pulse width tCAS 15 10000 18 10000 20 10000 ns
CAS# to output in Low-Z tCLZ 0 - 0 - 0 - ns 3
CAS# to RAS# precharge time tCRP 5 - 5 - 5 - ns
CAS# hold time tCSH 60 - 70 - 80 - ns
RAS# to column address delay time tRAD 15 30 15 35 15 40 ns 10
Row address hold time tRAH 10 - 10 - 10 - ns
RAS# pulse width tRAS 60 10000 70 10000 80 10000 ns
Random read/write cycle time tRC 110 - 130 - 150 - ns
RAS# to CAS# delay time tRCD 20 40 20 50 20 60 ns 4
RAS# precharge time tRP 40 - 50 - 60 - ns
RAS# hold time tRSH 15 - 18 - 20 - ns
Transition time (rise and fall) tT 3 50 3 50 3 50 ns 2
Read Cycle
Access time from column address tAA - 30 - 35 - 40 ns 3, 10
Access time from CAS# tCAC - 15 - 18 - 20 ns 3, 4, 5
Output buffer turn-off delay tOFF 0 15 0 15 0 15 ns  6
Access time from RAS# tRAC - 60 - 70 - 80 ns 3, 4
Column address to RAS# lead time tRAL 30 - 35 - 40 - ns
Read command hold time referenced to CAS# tRCH 0 - 0 - 0 - ns 8
Read command set-up time tRCS 0 - 0 - 0 - ns
Read command hold time referenced to RAS# tRRH 0 - 0 - 0 - ns 8
Write Cycle
Write command to CAS# lead time tCWL 15 - 15 - 20 - ns
Data-in hold time tDH 10 - 15 - 15 - ns 9
Data-in set-up time tDS 0 - 0 - 0 - ns 9
Write command to RAS# lead time tRWL 20 - 20 - 25 - ns
Write command hold time tWCH 10 - 10 - 15 - ns
Write command set-up time tWCS 0 - 0 - 0 - ns 7
Write command pulse width tWP 10 - 10 - 15 - ns

AC Characteristics
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(VCC = 3.3V±10%/5.0V±10%, VSS = 0V, TA = 0  to +70 °C)

Parameter Symbol 60ns 70ns 80ns Unit Notes
Min Max Min Max Min Max

Fast page Mode Cycle
Access time from CAS# precharge tACP - 35 - 40 - 45 ns 3, 11
CAS# precharge time tCP 10 - 10 - 10 - ns
Fast page mode cycle time tPC 40 - 45 - 50 - ns
RAS# pulse width tRASP 60 200000 70 200000 80 200000 ns 12
RAS# hold time from CAS# precharge tRHCP 35 - 40 - 45 - ns
Refresh Cycle
CAS# hold time (CBR refresh) tCHR 10  - 15 - 15 - ns 1
CAS# set-up time (CBR refresh) tCSR 5 - 5 - 5 - ns 1
Refresh period tREF
    4K refresh - 64 - 64 - 64 ms
RAS# precharge to CAS# hold time tRPC 5 - 5 - 5 - ns

AC Characteristics (cont’d)

Notes: 1. An initial pause of atleast 200µs is required after power-up followed by any eight RAS# cycles before device operation is
achieved.

2. VIH(min) and VIL(max) are reference levels for measuring timing of input signals.  Transition times are measured between 
VIH(min) and VIL(max) and are assumed to be 5ns for all inputs.

3. Measure with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF.
4. Operation within the tRCD(max) limit ensures that tRAC(max) limit can be met; tRCD(max) is specified as a reference point

 only.  If tRCD is greater than the specified tRCD(max) limit, then access time is controlled exclusively by tCAC.
5. Assumes that tRCD ≥ tRCD(max).
6. This parameter defines the time at which the output achieves open circuit condition and is not referenced to VOH  or VOL.
7. tWCS is non restrictive operating parameter.  It is included in the data sheet as electrical characteristic only.  If tWCS ≥

 tWCS(min) the cycle is an early write cycle and the data out pin will remain at high impedance for the duration of the cycle.
8. Either tRCH or tRRH  must be satisfied for a read cycle.
9. These parameters are referenced to the CAS# leading edge in early write cycles.
10. Operation within the tRAD(max) limit ensures that tRAC(max) can be met. tRAD(max) is specified as a reference point only. 

 If tRAD is greater than the specified tRAD(max) limit, then access time is controlled by tAA.
11. Access time is determined by the longer of tAA , tCAC or tACP.
12. tRASP defines RAS# pulse width in fast page mode cycles.
13. tAR,  tWC, tDHR are referenced to tRAD(max).
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Physical Dimensions

30-pin SIMM Module

( All dimensions are in inches with ±0.005” tolerance unless specified otherwise.)

0.080

3.500

0.400

0.050
+0.004, -0.003

0.350
(max.)

3.234

0.250

0.250

0.100

1 30

0.830

SOJ Based

0.070

TSOP Based

0.080

3.500

0.400

0.050
+0.004, -0.003

0.150
(max.)

3.234

0.250

0.250

0.100

1 30

0.830

0.070
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Address

RAS

tRC

tRP

tCRP

tCAH

tRAC

tCAC

tAA
tOFF

DOUTDOUT

tRALtRAD

tASC

tASR

tRAH

Don't Care

ColumnRow

tRAS

tRCD tCAS

tCSH

tRSH

CAS

WE

tRCHtRCS

tRRH

Timing Waveforms

Read Cycle
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tRC

tRP

tCRP

tRSH

tCAS

tCAH

tASC

tWCH

tWCS

tDH
tDS

tRAH

tCSH

tRCD

tRAS

Address Row Column

Open*

RAS

DOUT

DIN DIN

* tWCS  ≥ tWCS (min.)

CAS

WE

tASR

Don't Care



Write Cycle (Early Write)
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Address

RAS

tRASP

tRHCP

tCACtCAC

tRCS

tRRH

tCAH

tRCH tRCHtRCH

tRCStRCS

tRP

tRCD tCAS

tCSH

tRAC tACP

tAAtAA tAA

tCAC

tCAS tCAS

tCRP

tASR

tRAH

tRAD tCAH tCAH

tASC

tCP

tASC

tASC

tRAL

tOFF tOFF

tACP

tOFF

tPC

DOUT 1DOUT DOUT 2 DOUT N

WE

CAS

Row Col. 1 Col. 2 Col. N

tRSH

Don't Care

Fast Page Mode Read Cycle
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Address Row Col. 1 Col. 2 Col. N

tRASP

tCSH

DIN DIN DIN 

tRCD

tDS

tDH

tDS tDS

tCP

tCAS

tPC tRSH

tCRP

tRP

DOUT

Din 1 2 N

RAS

CAS

WE

tRAH

tASR tASC

tWCS
tWCH tWCH tWCH

tCAH

tWCS

tDH tDH

* tWCS  ≥ tWCS (min.)


tASC

tCAH

tASC
tCAH

tWCS

tCAS
tCAS

Don't Care

Open



Fast Page Mode Write Cycle (Early Write)
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Address

(Refresh)

ColumnRow

(Read)

RAS

tRC

tRP

tRSH

tCAStRCD

tRAD

tCAH

tRCS

tRAC

tRRH

tRCH

tOFF

tCAC

tAA

tASC

tASR

tRAH

tRAS tRAS tRAS

(Refresh)

tRP

tCHR

DOUT DOUT

WE

CAS

Don't Care

Hidden Refresh Cycle
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Address

Open

tRC

tRAS

tASR
tRAH

tCRP

tRP

tRPC

DOUT

Row

RAS

CAS



Don't Care

Address

Open

tRAS

tRP

tRPCtCHR

tCSR

tCHR

tCSR

tCRP

tRP

tRAS

tRC tRC

DOUT

RAS

WE = VIH

CAS

Don't Care



RAS# Only Refresh Cycle

CAS#-Before-RAS# Refresh Cycle
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 1 SMART
Modular Technologies

 2 Product Category
5 : DRAM SIMM / DIMM

 3 Module Data Bus Width
09 : x9

 4 Module Address Depth
16 : 16M

 5 Device Data Width
1 : x1

 6 Special Device Feature
0 : Standard

 7 Voltage / Mode
0 : 5.0V / Fast Page Mode
1 : 3.3V / Fast Page Mode

 8 Refresh / Power
4 : 4K Ref. / Standard Power

 9 Module Configuration
P : Parity

10 Device Physicals
3 : SOJ DRAMs (300mil)
5 : TSOP DRAMs (300mil)

11 Module Lead Finish
S : Solder
G : Gold

12 Module Access Speed
6 : 60ns
7 : 70ns
8 : 80ns

SM 5 09 16 1 0 U 4 P U U   U
1 2 3 4 5 6 7 8 9 10 11      12

Ordering Information

Note : “U” in the part number should be replaced by user specified option.
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Disclaimer:

No part of this document may be copied or reproduced in any form or by any means, or transferred to any third party, without
the prior written consent of an authorized representative of SMART Modular Technologies, Inc. (“SMART”). The information
in this document is subject to change without notice. SMART assumes no responsibility for any errors or omissions that may
appear in this document, and disclaims responsibility for any consequences resulting from the use of the information set forth
herein. SMART makes no commitments to update or to keep current information contained in this document. The products
listed in this document are not suitable for use in applications such as, but not limited to, aircraft control systems, aerospace
equipment, submarine cables, nuclear reactor control systems and life support systems. Moreover, SMART does not recom-
mend or approve the use of any of its products in life support devices or systems or in any application where failure could
result in injury or death. If a customer wishes to use SMART products in applications not intended by SMART, said customer
must contact an authorized SMART representative to determine SMART’s willingness to support a given application. The
information set forth in this document does not convey any license under the copyrights, patent rights, trademarks or other
intellectual property rights claimed and owned by SMART. The information set forth in this document is considered to be
“Proprietary” and “Confidential” property owned by SMART.

ALL PRODUCTS SOLD BY SMART ARE COVERED BY THE PROVISIONS APPEARING IN SMART’S TERMS AND
CONDITIONS OF SALE ONLY, INCLUDING THE LIMITATIONS OF LIABILITY, WARRANTY AND INFRINGE-
MENT PROVISIONS. SMART MAKES NO WARRANTIES OF ANY KIND, EXPRESS, STATUTORY, IMPLIED OR
OTHERWISE, REGARDING INFORMATION SET FORTH HEREIN OR REGARDING THE FREEDOM OF THE
DESCRIBED PRODUCTS FROM INTELLECTUAL PROPERTY INFRINGEMENT, AND EXPRESSLY DISCLAIMS
ANY SUCH WARRANTIES INCLUDING WITHOUT LIMITATION ANY EXPRESS, STATUTORY OR IMPLIED WAR-
RANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.
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