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PRODUCTION DATA information is current as of publication date.

Products conform to specifications per the terms of

standard warranty. Production processing does not necessarily include

testing of all parameters.

MemoryTen

168-Pin DIMM (MO-161)
.943” tall

Features
• PC133-compliant, 168-pin, Dual in-line memory module (DIMM)
• Utilizes 143 MHz SDRAM    components
• Unbuffered
• 512MB (64 Meg x 64)
• Single +3.3V power supply
• Fully synchronous; all signals registered on positive

edge of system clock
• Internal pipelined operation; column address can

be changed every clock cycle
• Internal SDRAM banks for hiding row access/    precharge
• Programmable burst lengths: 1, 2, 4, 8, or full page
• Auto Precharge and Auto Refresh Modes
• Self Refresh Mode: Standard and Low Power
• 64ms, 8,192-cycle,  (7.8125µs) refresh   interval
• LVTTL-compatible inputs and outputs
• Serial Presence-Detect (SPD)
• Gold edge contacts

512U16S328-75DS-Q 64 Meg X 64 STACKED CHIP SDRAM
168 Pin DIMM PC-133

ALL SPECIFICATIONS FOR PRODUCTS DISCUSSED HEREIN ARE SUBJECT TO CHANGE BY WITHOUT NOTICE.MemoryTen

168_pc-133_DS.PDF
REV A
07-04-08

Parameter 512MB

Refresh Count 8K

Device Banks 4 (BA0, BA1)

Device
Configuration

512Mb (64 Meg x 8)

Row Addressing 8K (A0–A12)

Column
Addressing

2K (A0–A9, A11)

Module Ranks 2 (S0#, S2#; S1#, S3#)
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PART NUMBER MODULE DENSITY CONFIGURATION SYSTEM BUS SPEED

512U16S328-75DS-Q 512MB 64 Meg x 64 133 MHz

ORDERING INFORMATION
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168-Pin DIMM Front 168-Pin DIMM Back

Pin Symbol Pin Symbol Pin Symbol Pin Symbol Pin Symbol Pin Symbol Pin Symbol Pin Symbol

1 VSS 22 NC 43 VSS 64 VSS 85 VSS 106 NC 127 VSS 148 VSS

2 DQ0 23 VSS 44 NC 65 DQ21 86 DQ32 107 VSS 128 CKE0 149 DQ53

3 DQ1 24 NC 45 S2# 66 DQ22 87 DQ33 108 NC 129 S3# 150 DQ54

4 DQ2 25 NC 46 DQMB2 67 DQ23 88 DQ34 109 NC 130 DQMB6 151 DQ55

5 DQ3 26 VDD 47 DQMB3 68 VSS 89 DQ35 110 VDD 131 DQMB7 152 VSS

6 VDD 27 WE# 48 NC 69 DQ24 90 VDD 111 CAS# 132 NC 153 DQ56

7 DQ4 28 DQMB0 49 VDD 70 DQ25 91 DQ36 112 DQMB4 133 VDD 154 DQ57

8 DQ5 29 DQMB1 50 NC 71 DQ26 92 DQ37 113 DQMB5 134 NC 155 DQ58

9 DQ6 30 S0# 51 NC 72 DQ27 93 DQ38 114 S1# 135 NC 156 DQ59

10 DQ7 31 NC 52 NC 73 VDD 94 DQ39 115 RAS# 136 NC 157 VDD

11 DQ8 32 VSS 53 NC 74 DQ28 95 DQ40 116 VSS 137 NC 158 DQ60

12 VSS 33 A0 54 VSS 75 DQ29 96 VSS 117 A1 138 VSS 159 DQ61

13 DQ9 34 A2 55 DQ16 76 DQ30 97 DQ41 118 A3 139 DQ48 160 DQ62

14 DQ10 35 A4 56 DQ17 77 DQ31 98 DQ42 119 A5 140 DQ49 161 DQ63

15 DQ11 36 A6 57 DQ18 78 VSS 99 DQ43 120 A7 141 DQ50 162 VSS

16 DQ12 37 A8 58 DQ19 79 CK2 100 DQ44 121 A9 142 DQ51 163 CK3

17 DQ13 38 A10 59 VDD 80 NC 101 DQ45 122 BA0 143 VDD 164 NC

18 VDD 39 BA1 60 DQ20 81 NC 102 VDD 123 A11 144 DQ52 165 SA0

19 DQ14 40 VDD 61 NC 82 SDA 103 DQ46 124 VDD 145 NC 166 SA1

20 DQ15 41 VDD 62 NC 83 SCL 104 DQ47 125 CK1 146 NC 167 SA2

21 NC 42 CK0 63 CKE1 84 VDD 105 NC 126 A12 147 NC 168 VDD
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Pin Descriptions

Pin Numbers Symbol Type Description

27, 111, 115
RAS#, CAS#,

WE#
Input

Command inputs: RAS#, CAS#, and WE# (along with S#) define the
command being entered.

42, 79, 125, 163 CK0–CK3 Input
Clock: CK is driven by the system clock. All SDRAM input signals are
sampled on the positive edge of CK. CK also increments the internal
burst counter and controls the output registers.

63, 128 CKE0, CKE1 Input

Clock enable: CKE activates (HIGH) and deactivates (LOW) the CK
signal. Deactivating the clock provides PRECHARGE POWER-DOWN
and SELF REFRESH operation (all device banks idle) or CLOCK
SUSPEND OPERATION (burst access in progress). CKE is synchronous
except after the device enters power-down and self refresh modes,
where CKE becomes asynchronous until after exiting the same
mode. The input buffers, including CK, are disabled during power-
down and self refresh modes, providing low standby power.

30, 45,114, 129 S0#–S3# Input
Chip select: S# enables (registered LOW) and disables (registered
HIGH) the command decoder. All commands are masked when S# is
registered HIGH. S# is considered part of the command code.

28, 29, 46, 47, 112, 113,
130, 131

DQMB0–
DQMB7

Input

Input/Output mask: DQMB is an input mask signal for write accesses
and an output enable signal for read accesses. Input data is masked
when DQMB is sampled HIGH during a WRITE cycle. The output
buffers are placed in a High-Z state (two-clock latency) when DQMB
is sampled HIGH during a READ cycle.

39, 122 BA0, BA1 Input
Bank address: BA0 and BA1 define to which device bank the
ACTIVE, READ, WRITE, or PRECHARGE command is being applied.

33–38, 117–121, 123, 126 A0–A12 Input

Address inputs: Provide the row address for ACTIVE commands, and
the column address and auto precharge bit (A10) for READ/WRITE
commands, to select one location out of the memory array in the
respective device bank. A10 sampled during a PRECHARGE
command determines whether the PRECHARGE applies to one
device bank (A10 LOW, device bank selected by BA0, BA1) or all
device banks (A10 HIGH). The address inputs also provide the op-
code during a MODE REGISTER SET command.

83 SCL Input
Serial clock for presence-detect: SCL is used to synchronize the
presence-detect data transfer to and from the module.

165–167 SA0–SA2 Input
Presence-Detect address Inputs: These pins are used to configure the
presence-detect device.

2–5, 7–11, 13–17, 19–20,
55–58, 60, 65–67, 69–72,
74–77, 86–89, 91–95,
97–101, 103–104, 139–142,

144, 149–151,
153–156,158–161

DQ0–DQ63
Input/
Output

Data I/O: Data bus.

82 SDA
Input/
Output

Serial presence-detect data: SDA is a bidirectional pin used to
transfer addresses and data into and out of the presence-detect
portion of the module.

6, 18, 26, 40, 41, 49, 59, 73,
84, 90, 102, 110, 124, 133,

143, 157, 168
VDD Supply Power supply: +3.3V ±0.3V.

1, 12, 23, 32, 43, 54, 64, 68,
78, 85, 96, 107, 116, 127,

138, 148,. 152, 162
VSS Supply Ground.
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BLOCK DIAGRAM
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DQMB7

VDD

VSS

D0 - D15

D0 - D15

A0 - AN A0-AN: SDRAMS D0 - D15

# NOTE: ALL RESISTOR VALUES ARE 10 OHMS.

#

S2
S3

RAS RAS: SDRAMS D0 - D15

CAS CAS: SDRAMS D0 - D15

CKE0 CKE: SDRAMS D0 - D7

WE WE: SDRAMS D0 - D15

s s s s

s ss s

s s s s

s ss s

* CLOCK WIRING

*CK0

CLOCK
INPUT

SDRAMS

*CK1
*CK2
*CK3

4 SDRAMS
4 SDRAMS

4 SDRAMS

4 SDRAMS
CKE1 CKE: SDRAMS D8 - D15

VDD

10K

* Wire per Clock Loading Table/Wiring Diagrams

NOTE: DQ wiring may differ than described in
this drawing, however DQ/DQMB/CKE/S
relationships must be maintained as shown.

BA0 - BAN BA0-BAN: SDRAMS D0 - D15

A0

SERIAL PD

A1 A2

SA0 SA1 SA2

SCL SDA

X64 SDRAM DIMM, 2 Banks with X8 SDRAMs

Note: This module is built with stacked chips, thus, DO and D8, D1 and D9, D2 and D10, D3 and D11,
D4 and D12, D5 and D13, D6 and D14, D7 and D15  are paired in one stacked package.
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Capacitance
TA = 0 to 70 DD = 3.3 V – 0.3 V, f = 1 MHz

DC Characteristics
T V V VA = 0 to 70 °C; SS = 0 V; DD, DDQ = 3.3 V ± 0.3 V

Module Characteristics

Limit ValuesParameter Symbol

min. max.

Unit

Input high voltage VIH 2.0 Vcc+0.3 V

Input low voltage VIL – 0.5 0.8 V

Output high voltage (IOUT= – 2.0 mA) VOH 2.4 – V

Output low voltage (IOUT= 2.0 mA) VOL – 0.4 V

Input leakage current, any input (0 V <VIN< 3.6

V, all other inputs = 0 V)

II(L) – 40 40 uA

Output leakage current (DQ is disabled, 0 V <

VOUT < VCC)

IO(L) – 40 40 uA

Parameter Symbol Limit Values (max.) Unit

Input capacitance
(A0 to A10, BA, RAS, CAS, WE) CI1 80 pF

Input capacitance (CS0 -CS3 ) CI2 30 pF

Input capacitance (CLK0 - CLK3) CICL 22 pF

Input capacitance (CKE0, CKE1) CI3 50 pF

Input capacitance (DQMB0 - DQMB7) CI4 20 pF

Input / Output capacitance
(DQ0-DQ63)

CIO 20 pF

Input Capacitance (SCL,SA0-2) Csc 8 pF

Input/Output Capacitance Csd 10 pF
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P a ra m e te r S ym b o l T e s t C o n d itio n m a x . N o te

O p e ra tin g C u rre n t Ic c 1 B u rs t le n g th = 4 , C L = 3
trc> = trc (m in .), tck> = tck (m in .),
Io = 0 m A 2 ba nk in te rlea ve
o p e ra tio n

8 0 0 m A 1 ,2

P re c h a rg e d
S ta n d b y

Icc2P C K E < = V IL (m a x), tc k> = tck (m in .) 2 4 m A

C u rre n t in P o w e r
D o w n M o d e

Icc2P S C K E < = V IL (m a x), tc k= in fin ite 1 6 m A

Icc2N C K E > = V IH (m in ), tck> = tck
(m in .), inp u t ch an g e d o nce in 3
cyc les

1 6 0 m A C S =
H ig h

P re c h a rg e d
S ta n d b y C u rre n t in
N o n -p o w e r D o w n
M o d e Icc2N S C K E > = V IH (m in ), tck= in fin ite , no

in p u t cha n g e
8 0 m A

A c tive S ta n d b y Icc3 P C K E < = V IL (m a x), tc k> = tck (m in .) 2 4 m A

C u rre n t in P o w e r
D o w n M o d e

Icc3P S C K E < = V IL (m a x), tc k= in fin ite 1 6 m A

A c tive S ta n d b y
C u rre n t in N o n -

Icc3N C K E > = V IH (m in ), tck> = tck
(m in .) in pu t ch a ng e d o n e tim e

2 0 0 m A C S =
H ig h

p o w e r D o w n M o d e Ic c 3 N S C K E = > V IH (m in ),tck= in fin ite , no
in p u t cha n g e

1 2 0 m A

B u rs t O p e ra tin g Ic c 4 B u rs t le n g th = fu ll p a g e , 7 6 0 m A 1 ,2

C u rre n t trc = in fin ite , C L = 3 ,

tck > = tck (m in .), Io = 0 m A

2 b a n k s a c tiva te d

A u to (C B R ) R e fre sh Icc5 trc> = trc (m in ) 7 2 0 m A 1 ,2

C u rre n t

S e lf R e fre sh
C u rre n t

Icc6 C K E = < 0 ,2 V 1 6 m A 1 ,2

Standby and Refresh Currents )(Ta = 0 to 70oC, VCC = 3.3V ± 0.3V

I SPECIFICATIONSDD
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AC Characteristics

T V V tA = 0 to 70 °C; SS = 0 V; CC = 3.3 V ± 0.3 V,  T = 1 ns

Limit Values

-75
PC133
2-2-2

Parameter Symbol

Min. Max.

Unit

Clock and Clock Enable

tCK

7.7 ns

Clock Cycle Time

CAS Latency = 3
CAS Latency = 2 7 ns

fCK

– 133 MHz

System Frequency

CAS Latency = 3
CAS Latency = 2 – 133 MHz

tAC

– 5.4 ns
Clock Access Time

CAS Latency = 3
CAS Latency = 2 – 5.4 ns

Clock High Pulse Width tCH 2.5 – ns

Clock Low Pulse Width tCL 2.5 – ns

Input Setup time tCS 1.5 – ns

Input Hold time tCH .8 – ns

CKE Setup Time
(Power Down Mode)

tCKSP 1.5 – ns

CKE Setup Time
(Self Refresh Mode)

tCKSR 6 – ns

Transition Time (rise and fall) tT 1 – ns

Common Parameters

RAS to CAS delay tRCD 15 – ns

Cycle Time tRC 60 120k ns

Active Command Period tRAS 37 – ns

Precharge Time tRP 15 – ns

Bank to Bank Delay Time tRRD 16 – ns

CAS to CAS delay time
(same bank)

tCCD 1 – CLK
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AC Characteristics (continued)

Limit Values

-75
PC133
2-2-2

Parameter Symbol

Min. Max.

Unit

Refresh Cycle

Self Refresh Exit Time tSREX 10 – ns

Refresh Period (4096 cycles) tREF 64 – ms

Refresh Period (8192 cycles) tREF 64 – ms

Read Cycle

Data Out Hold Time tOH 2.7 – ns

Data Out to Low Impedance
Time

tLZ 1 – ns

Data Out to High Impedance
Time

tHZ 3 9 ns

DQM Data Out Disable
Latency

tDQZ 2 – CLK

Write Cycle

Data input to Precharge(write
Recovery)

tDPL 2 – CLK

Data In to Active/refresh tDAL 2 – CLK

DQM Write Mask Latency tDQW 0 – CLK
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Notes:

1. The specified values are valid when addresses are changed no more than once during tck(min.)

and when No Operation commands are registered on every rising clock edge during tRC(min).

Values are shown per module bank.

2. The specified values are valid when data inputs (DQ’s) are stable during tRC(min.).

3. All AC characteristics are shown for device level.

An initial pause of 100ms is required after power-up, then a Precharge All Banks command must

be given followed by 8 Auto Refresh (CBR) cycles before the Mode Register Set Operation can

begin.

4. AC timing tests have V il = 0.4 V and Vih = 2.4 V with the timing referenced to the 1.4 V crossover

point. The transition time is measured between Vih and Vil. All AC measurements assume t T=1ns

with the AC output load circuit show. Specified tac and toh parameters are measured with a 50

pF only, without any resistive termination and with a input signal of 1V / ns edge rate between

0.8V and 2.0 V.

5. If clock rising time is longer than 1ns, a time (tT/2 -0.5) ns has to be added to this parameter.

6. Rated at 1.5 V

7. If tT is longen than 1 ns, a time (tT -1) ns has to be added to this parameter.

8. Any time that the refresh Period has been exceeded, a minimum of two Auto (CBR) Refresh

commands must be given to “wake-up“the device.

9. Self Refresh Exit is a synchronous operation and begins on the 2nd positive clock edge after

CKE returns high. Self Refresh Exit is not complete until a time period equal to tRC is satisfied

once the Self Refresh Exit command is registered.

10.Referenced to the time which the output achieves the open circuit condition, not to output voltage

levels.

11.tDAL is equivalent to tDPL + tRP.

1.4V

1.4V

tSETUP tHOLD

tAC tAC

tLZ tOH

tHZ

CLOCK

INPUT

OUTPUT

50 pF

I/O

Z=50 Ohm

+ 1.4 V

50 Ohm

2.4 V

0.4 V

tT

fig.1

tCH

tCL

50 pF

I/O

Measurement conditions for
tac and toh
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D.C. OPERATING CHARACTERISTICS

PIN IMPEDANCE CHARACTERISTICS

Symbol Parameter Test Conditions Min Max Units

ICCR
Read Current

Read, fSCL=
400kHz

1 mA

ICCW
Write Current

Write, fSCL=
400kHz

2 mA

TA= -40°C to +85°C 1
ISB

Standby
Current

All I/O Pins at
GND or VCC

TA= -40°C to +125°C 2
μA

TA= -40°C to +85°C 1
IL

I/O Pin
Leakage

Pin at GND or
VCC

TA= -40°C to +125°C 2
μA

VIL

Input Low
Voltage

-0.5
VCCx 0.3

V

VIH

Input High
Voltage VCCx 0.7 VCC+ 0.5

V

VOL1

Output Low
Voltage

VCC< 2.5 V,
IOL= 3.0mA

0.4 V

VOL2

Output Low
Voltage

VCC< 2.5 V,
IOL= 1.0mA

0.2 V

-- Parameter Conditions Max Units

CIN SDA I/O Pin Capacitance VIN= 0 V 8 pF

CIN Input Capacitance (other pins) VIN= 0 V 6 pF

VIN< VIH, VCC= 5.5 V 200

VIN< VIH, VCC= 3.3 V 150

VIN< VIH, VCC= 1.8 V 100

IWP WP Input Current

VIN> VIH 1

μA

Serial Presents Detect (SPD)
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A.C. CHARACTERISTICS(1)

V = 1.8 V to 5.5 V, T = -40°C to +125°C.CC A

A . C . T E S T C O N D I T I O N S

Standard Fast U n its

S ym bol Param eter M in M ax M in M ax

S C L C lock F requency 100 400 kH z

tH D :S T A ST AR T C ondition H o ld T im e 4 0.6 μs

tLO W Low Period of S C L C lock 4.7 1.3 μs

tH IG H H igh Period of SC L C lock 4 0.6 μs

tS U :S T A ST AR T C ondition S etup T im e 4.7 0.6 μs

tH D :D A T D ata In H o ld T im e 0 0 μs

tS U :D A T D ata In S etup T im e 250 100 ns

tR SD A and SC L R ise T im e 1000 300 ns

tF SD A and SC L Fa ll T im e 300 300 ns

tS U :S T O ST O P C ond ition Setup T im e 4 0.6 μs

tB U F
Bus F ree T im e Betw een S T O P
and ST AR T

4.7 1.3 μs

tA A SC L Low to D ata O ut V a lid 3 .5 0.9 μs

tD H D ata O u t H o ld T im e 100 100 ns

T i
N o ise Pu lse F ilte red at SC L
and SD A Inputs

100 100 ns

tS U :W P W P Setup T im e 0 0 μs

tH D :W P W P H old T im e 2.5 2.5 μs

tW R W rite C yc le T im e 5 5 m s

tP U Pow er-up to R eady M ode 1 1 m s

Input Levels 0.2 x VCC to 0.8 x VCC

Input Rise and Fall Times �50 ns

Input Reference Levels 0.3 x VCC, 0.7 x VCC

Output Reference Levels 0.5 x VCC

Output Load Current Source: IOL= 3 mA (VCC �2.5 V); IOL= 1 mA (VCC< 2.5 V); CL= 100 pF
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NOTE: All dimensions in inches (cm).

All information in this data sheet is considered final,however, Memory Ten

reserves the right to make changes as necessary.

0.118IN
[2.997mm]

0.078IN
[1.981mm]

0.040IN
[1.016mm]

í0.118

0.943IN
[23.952mm]

0.133IN
[3.378mm] 0.963IN

[24.460mm]

0.924IN
[23.470mm]

R0.078IN
[1.981mm]

0.700IN
[17.780mm] 0.156IN

[3.962mm]

0.700IN
[17.780mm]

0.080IN
[2.032mm]

5.250IN
[133.350mm]
5.013IN
[127.330mm]

2.625IN
[66.675mm]

DETAIL"B"

2PLACES

0.050IN
[1.270mm]

0.217IN
[5.513mm]

FRONT VIEW

END VIEW
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