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NETL.018PR PROVISIONAL PATENT 

UNBUFFERED MEMORY MODULE USING SHARED DQS PINS 

Summary of the Invention 

[0001] In certain embodiments, an unbuffered memory module uses two lower-

density DDR DRAM integrated circuits with shared DQS pins to simulate one higher-density 

DDR SDRAM integrated circuit. 

[0002] In certain embodiments, a 1-GB unbuffered memory module is formed by 

connecting together at least one pair of 256-Mb memory components with 64Mb x 4 

organization so as to function as one 512-Mb device with 64Mb x 8 organization. 

[0003] In certain embodiments, an unbuffered memory module comprises a 

plurality of pairs of lower-density memory components, each pair connected together with 

shared DQS pins to simulate a higher-density memory component. 

Brief Description of the Appendices 

[0004] Appendix A: Data sheets of an exemplary 1-GB unbuffered double data 

rate (DDR) dual in-line memory module (DIMM) in accordance with embodiments described 

herein. 

[0005] Appendix B: Schematic drawing of an exemplary 1-GB unbuffered DDR 

DIMM in accordance with embodiments described herein. 

[0006] Appendix C: Printed circuit board layer diagrams including signal traces 

of an exemplary 1-GB unbuffered DDR DIMM in accordance with embodiments described 

herein. 

[0007] Appendix D: Schematic circuit diagrams of an exemplary 1-GB 

unbuffered DDR DIMM in accordance with embodiments described herein. 

Brief Description of the Drawings 

[0008] Figure 1 schematically illustrates a configuration in which a DQS pin of a 

first device is connected to a DQS pin of a second device. 

[0009] Figure 2 is a timing diagram of the voltages applied to the two DQS pins 

due to non-simultaneous switching. 

[0010] Figure 3 schematically illustrates an exemplary embodiment in which 

current-limiting resistors are used to reduce the current flow between the DQS pins. 
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[0011] Figure 4 is a circuit diagram of exemplary current-limiting resistors in 

conjunction with the impedances of the DRAM devices and provides an exemplary 

calculation of the resultant power dissipation. 

Detailed Description of the Preferred Embodiment 

[0012] Most high-density unbuffered memory modules are currently built with 

512-Megabit ("512-Mb") memory components with 64Mb x 8 organization. For example, a 

1-Gigabyte ("1-GB") memory module can be fabricated using eighteen such 512-Mb memory 

components. Alternatively, it is advantageous to be able to fabricate the 1-GB memory 

module using lower-density memory components. For example, by fabricating the 1-GB 

memory module using thirty-six 256-Mb memory components with 64Mb x 4 organization, 

the cost of the resulting 1-GB memory module can be reduced since the cost of the 512-Mb 

memory components is typically much higher than the 256-Mb memory components. The 

cost savings is significant, even though twice as many 256-Mb memory components are used 

than 512-Mb memory components. 

[0013] For proper operation, the computer system advantagously recognizes the 

1-GB memory module comprising 256-Mb memory components with 64Mb x 4 organization 

as having 512-Mb memory components with 64Mb x 8 organization of the same depth. This 

advantagous result would desirably be achieved by connecting together two output signal 

pins (e.g., DQS or data strobe pins) of the two 256-Mb memory components. However, it is 

a general guideline of memory module design to not connect two output signal pins together 

in this way. 

[0014] Figures 1 and 2 schematically illustrate the problem arising from tying 

together two signal pins. Figure 1 schematically illustrates a configuration in which a DQS 

pin 12 of a first device 10 is connected to a DQS pin 22 of a second device 20. The two DQS 

pins 12, 22 are both connected to a controller 30. Figure 2 is a timing diagram of the voltages 

applied to the two DQS pins 12, 22 due to non-simultaneous switching. 

[0015] The DQS or data strobe is a bi-directional signal which is used during both 

read cycles and write cycles to validate or latch data. At time t1, both DQS pin 12 and DQS 

pin 22 are high, so no current flows between them. Similarly, at time t4, both DQS pin 12 

and DQS pin 22 are low, so no current flows between them. However, for times between 
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approximately t2 and approximately t3, DQS pin 12 is low while DQS pin 22 is high. Under 

such conditions, a current will flow between the two DQS pins 12, 22. This condition in 

which one DQS pin is low while the other DQS pin is high can occur for fractions of a 

second (e.g., 0.8 nanoseconds) during the DRAM read cycle. During such conditions, the 

current flowing between the two DQS pins 12, 22 can be substantial, resulting in heating of 

the devices 10, 20, and contributing to the degradation of reliability and eventual failure of 

these devices. 

[0016] Figure 3 schematically illustrates an exemplary embodiment in which 

current-limiting resistors are used to reduce the current flow between the DQS pins. Such 

embodiments result in two x 4 DRAM memory devices of lower bit densities behaving as 

one x 8 device of higher bit density. The resistance values of the current-limiting resistors 

(e.g., 22 ohms in Figure 3) is selected to reduce the current flowing between the two DQS 

pins while allowing signals to propagate between the controller and the DQS pin. 

100171 Figure 4 schematically illustrates exemplary current-limiting resistors in 

conjunction with the impedances of the DRAM devices and provides an exemplary 

calculation of the resultant power dissipation. Without the 22 ohm current-limiting resistors, 

only the 17 ohm impedances of the two devices would limit the current flow between the two 

devices. In embodiments in which there is overshoot or undershoot of the voltages, the 

amount of current flow can be higher than those expected for nominal voltage values. 

Therefore, the resistances of the current-limiting resistors is advantageously selected to 

account for such overshoot/undershoot of voltages. In certain embodiments, there is a 

potential increase of 12.5% overload on protection diodes if the system overshoot/undershoot 

are at maximum value (e.g., 1.2 Volts at 4 nanoseconds). 

[0018] Various embodiments of the present invention have been described above. 

Although this invention has been described with reference to these specific embodiments, the 

descriptions are intended to be illustrative of the invention and are not intended to be 

limiting. Various modifications and applications may occur to those skilled in the art without 

departing from the true spirit and scope of the invention. 

HADOCS\BS1\BS1-5389.DOC 
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GENERAL DESCRIPTION 

The Netlist NL9127LD64032-Dxxx is a 128M bit x 72 
Double Data Rate Synchronous Dynamic RAM high-density 
memory module. The Netlist module consists of thirty-six 64M x 
4 bit, DDR-I SDRAM in FBGA packages, one PLL clock driver 
and one 2K EEPROM for Serial Presence Detect. All 
components are mounted on a 184-pin glass-epoxy substrate. 
The decoupling capacitors are mounted on the printed circuit 
board in parallel to suppress switching noise on VDD and 
VDDQ power supply for DDR-1 SDRAM. 

Synchronous design allows precise control of data 
transfer between, module and the system controller. Data 
transfer on both edges of DQS signal at various operating 
frequencies and programmable latencies. Therefore, these 
modules are suitable for a variety of high performance system 
applications. 

PIN CONFIGURATIONS 
Front Side 

FEATURES 

• Double Data Rate design; two data transfers per clock cycle 
• Burst mode operation 
■ Auto & self refresh capability (8192 Cycles/64ms) 
■ SSTL_2 compatible inputs and outputs 
■ Single VDDNDDQ power supply 
• Latency (Access from column address) 
■ Burst length (2, 4, 8) 
• Data scramble (Sequential & Interleave) 
■ Serial presence detect with EEPROM 
■ PCB Height: 1.200" 

Part No. Max Clock Freq. (CL)Speed 
NL9127LD64032-D27Jxy 166MHz (CL2.5), PC2700 
NL9127LD64032-D32Kxy 200MHz (CL3), PC3200 

x = DRAM Vendor y = DRAM Die 
S= Samsung, I = Infineon M= Micron A =A die, B = B die, C = C die etc.. 

Back Side 
1 VREF 32 A5 63 WE 93 VSS 124 VSS 155 DQ45 
2 DQO 33 DQ24 64 DQ41 94 DQ4 125 A6 156 VDDQ 
3 VSS 34 VSS 65 CAS* 95 DQ5 126 DQ28 157 SO* 
4 DQ1 35 DQ25 66 VSS 96 VDDQ 127 D029 158 S1* 
5 DQSO 36 DQS3 67 DQS5 97 DM0 128 VDDQ 159 DM5 
6 DQ2 37 A4 68 DQ42 98 DQ6 129 DM3 160 VSS 
7 VDD 38 VDD 69 DQ43 99 DQ7 130 A3 161 D046 
8 DQ3 39 DQ26 70 VDD 100 VSS 131 DQ30 162 DQ47 
9 NC 40 DQ27 71 NC 101 NC 132 VSS 163 NC 

10 NC 41 A2 72 DQ48 102 NC 133 DQ31 164 VDDQ 
11 VSS 42 VSS 73 DQ49 103 NC 134 CB4 165 DQ52 
12 DQ8 43 Al 74 VSS 104 VDDQ 135 CB5 166 DQ53 
13 DQ9 44 CBO 75 CK2* 105 DQ12 136 VDDQ 167 NC 
14 DQS1 45 CB1 76 CK2 106 DQ13 137 CKO 168 VDD 
15 VDDQ 46 VDD 77 VDDQ 107 DM1 138 CKO* 169 DM6 
16 CK1 47 DQS8 78 DQS6 108 VDD 139 VSS 170 DQ54 
17 CK1* 48 AO 79 DQ50 109 DQ14 140 DM8 171 DQ55 
18 VSS 49 CB2 80 DQ51 110 DQ15 141 A10 172 VDDQ 
19 DQ10 50 VSS 81 VSS 111 CKE1 142 CB6 173 NC 
20 DQ11 51 CB3 82 VDDID 112 VDDQ 143 VDDQ 174 DQ60 
21 CKEO 52 BA1 83 DQ56 113 NC 144 CB7 175 DQ61 
22 VDDQ 53 DQ32 84 DQ57 114 DQ20 145 VSS 176 VSS 
23 DQ16 54 VDDQ 85 VDD 115 Al2 146 DQ36 177 DM7 
24 DQ17 55 DQ33 86 DQS7 116 VSS 147 DQ37 178 DQ62 
25 DQS2 56 DQS4 87 DQ58 117 DQ21 148 VDD 179 DQ63 
26 VSS 57 DQ34 88 DQ59 118 All 149 DM4 180 VDDQ 
27 A9 58 VSS 89 VSS 119 DM2 150 DQ38 181 SAO 
28 DQ18 59 BAO 90 DU 120 VDD 151 DQ39 182 SA1 
29 A7 60 DQ35 91 SDA 121 DQ22 152 VSS 183 SA2 
30 VDDQ 61 DQ40 92 SCL 122 A8 153 DQ44 184 VDDSPD 
31 DQ19 62 VDDQ 123 DQ23 154 RAS* 
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PIN CONFIGURATION DESCRIPTION 

Pin Name Input Function 
CLK0-2 - CLK0*-2* System clock Differential clock, active on both edges for DDR sampling of all inputs. 

SO* - S1* Chip select, 
Active low 

Disables or enables device operation by masking or enabling all inputs except CLK, 
CKE and DQM 

CKEO - 1 Clock enable 
Masks system clock to freeze operation from the next clock cycle. CKE should be 
enabled at least one cycle prior to new command. Disable input buffers for power 
down in standby. CKE should be enabled 1CLK+tSS prior to valid command. 

AO - Al2 Address Row/column addresses are multiplexed on the same pins. Row address: RAO - RA12, 
Column address: CAO - CA9 

BAO - BA1 Bank select 
address 

Selects bank to be activated during row address latch time. Selects bank for 
read/write during column address latch time. 

RAS* 
Row address 

strobe, 
Active low 

Latches row addresses on the positive going edge of the CLK with RAS* low. Enables 
row access & precharge. 

CAS* 
Column address 

strobe, 
Active low 

Latches column addresses on the positive going edge of the CLK with CAS* low. 
Enables column access. -

WE* Write enable, 
Active low 

Enables write operation and row precharge. Latches data in starting from CAS*, WE* 
active. 

DMO - 8 Data input/output 
mask 

Makes data output Hi-Z, tSHZ after the clock and masks the output. Blocks data input 
when DQM active. (Byte masking) 

DQSO - 8 Data input/output 
strobe Data Input/Output strobe. 

DQO — 63 Data input/output 
Data inputs/outputs are multiplexed on the same pins. CBO - 7 Error check bits 

VDDNDDQNSSNREF Power/ground Power and ground for the input buffers and the core logic. 
SDA Serial data I/O Data inputs/outputs line for serial EEPROM multiplexed on the same pins 
SCL Serial clock Clock for serial EEPROM 

SAO — 2 Address in 
EEPROM Address inputs for serial EEPROM 

Page 2 of 13 Samsung Electronics Co., Ltd.
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. FUNCTIONAL BLOCK 
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Page 3 of 13 Samsung Electronics Co., Ltd.
Ex. 1007, p. 11



ABSOLUTE MAXIMUM RATINGS 
',=`,i7l, , ' parameterg4 .,. ,. ' Yrnba . 'emu , Unit -, 

Voltage on any pin relative to Vss VIN, VOUT -0.5 - 3.6 V 

Voltage on VDD and VDDQ supply relative to Vss VDD, VDDQ -1.0 - 3.6 V 

Storage temperature TSTG -55 - +150 
Oc

Operating temperature TSTO 0 - 60 

, Power dissipation PD 54 W 

Short circuit current 
.. . 

IOS 50 mA 
Note: 
Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to recommended operating condition. 
Exposure to higher than recommended voltage for extended periods of time could affect device reliability. 

AC ODeratinq Conditions 
- . . • • •  )011772.1 ,•,„ ‘::41-atil1 -• ' G'Im :::- . - 

Input High (Logic 1) Voltage, DQ, DQS and DM signals VIH(AC) VREF + 0.31 V 3 

Input Low (Logic 0) Voltage, DQ, DQS and DM signals. VIL(AC) VREF - 0.31 V 3 

Input Differential Voltage, CK and CK* inputs VID(AC) 0.7 VDDQ+0.6 V 1 

Input Crossing Point Voltage, CK and CK* inputs VIX(AC) 0.5*VDDQ-0.2 0.5*VDDQ+0.2 V 2 
o e 

1. VID is the magnitude of the difference between the input level on CK and the input on CK*. 
2. The value of V ix is expected to equal 0.5*V DM of the transmitting device and tracksvariations in the DC level of the same. 
3. These parameters should be tested at the pin on actual components and may be checked at either the pin or the pad in simulation. 

The AC and DC input specifications are reference to a Vref envelope that has been bandwidth limited 20MHz. 

In ut/Out ut Capacitance
Parameter. ' , eiigymbol Max 

Input capacitance (AO - Al2, BAO - BA1, RAS', CAS*, WE') CIN1 60 96 pF 

Input capacitance (CKEO, CKE1) CIN2 33 51 pF 

Input capacitance (SO*, Sit) CIN3 33 51 pF 

Input capacitance (CLKO, CLKO*) CIN4 15 20 pF 

Input capacitance (DMO - DM8) CIN5 12 14 pF 

Data input/output capacitance (DQSO - DQS8) COUT1 20 24 pF 

Data input/output capacitance (DQO - DQ63) COUT2 12 14 pF 

Data input/output capacitance (CBO - CB7) COUT3 12 14 pF 

Page 4 of 13 Samsung Electronics Co., Ltd.
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

. 
. ICI in MINEAMINc _

gta Note WWI IDWRI VMS 1032 Ki 
Supply Voltage VDD 2.3 2.5 2.7 2.7 V 

I/O Supply Voltage VDDQ 2.3 2.5 2.7 2.7 V 

I/O Reference Voltage VREF 0.49*VDD 0.51*VDD V 1 

I/O Termination voltage(system) Vrr VREF-0.04 VREF+0.04 V 2 

Input high voltage VIFI VREF + 0.15 VDDQ + 0.3 V 

Input low voltage VIL -0.3 VREF- 0.15 V 
Input Voltage level, 

CK and CK* inputs 
VIN -0.3 VDDQ + 0.3 V 

Input Differential Voltage, 

CK and CK* inputs 
VID 0.36 VDDQ + 0.6 V 3 

Input leakage current ILI -2 2 uA 

Output leakage current IOZ -5 5 uA 
Output High Current (Normal strength driver) 

V OUT =V TT + 0.84V IOH -16.8 mA 

Output High Current (Normal strength driver) 
V OUT = V TT - 0.84V IOL 16.8 mA 

Output High Current (Half strength driver) 
V OUT =V TT + 0.45V IOH -9 mA 

Output High Current (Half strength driver) 
V OUT = V TT - 0.45V IOL 9 mA 

ecommended operating conditions (Voltage referenced to VSS = 0V, TA = 0 to 70 C) 
Notes: 
1.VREF is expected to be equal to 0.5*VDDQ of the transmitting device, and to track variations in the dc level of same. 
Peak-to peak noise on VREF may not exceed +/-2% of the dc value. 
2. Vrr is not applied directly to the device. Vu is a system supply for signal termination resistors, is expected to be set equal to 
VREF, and must track variations in the DC level of VREF 
3. Vio is the magnitude of the difference between the input level on CK and the input level on CK*. 
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Ex. 1007, p. 13



DDR SDRAM SPEC Items and Test Conditions 
Recommended operating conditions Unless Otherwise Noted. TA=0 to 70°C 
Conditions , „ ; ,4,, - ymbol it 

Operating current - One bank Active Precharge; tRC=tRCmin; tCK=6ns for DDR333, 5ns for DDR400; DQ,DM and 
DQS inputs changing twice per dock cycle; address and control inputs changing once per dock cycle IDDO 

Operating current - One bank operation ; One bank open, BL=4, Reads - Refer to the following page for detailed test 
condition IDD1 

Percharge power-down standby current; All banks idle; power - down mode; CKE = <VIL(max); tCK=6ns for DDR333, 
5ns for DDR400; Vin = Vref for DQ,DQS and DM IDD2P 

Precharge Floating standby current; CS# > =VIH(min);All banks idle; CKE > = VIH(min tCK=6ns for DDR333, 4ns for 
DDR400; Address and other control inputs changing once per dock cycle; Vin = Vref for DQ,DQS and DM IDD2F 

Precharge Quiet standby current; CS# > = VIH(min); All banks idle; CKE > = VIH(min); tCK=6ns for DDR333, 5ns for 
DDR400; Address and other control inputs stable with keeping >= VIH(min) or =<VIL(max); 
Vin = Vref for DQ ,DQS and DM 

IDD2Q 

Active power - down standby current ; One bank active; power-down mode; CKE=< VIL (max); tCK=6ns for DDR333, 
4ns for DDR400; Vin = Vref for DQ,DQS and DM IDD3P 

Active standby current; CS# >= VIH(min); CKE>=VIH(min); one bank active; active - precharge; tRC=tRASmax; 
tCK=6ns for DDR333, 5ns for DDR400; DQ, DQS and DM inputs changing twice per clock cycle; address and other 
control inputs changing once per dock cycle 

IDD3N 

Operating current - burst read; 
Burst length = 2; reads; continuous burst; One bank active; address and control inputs changing once per dock cycle; 

CL=2.5 at tCK = 6ns for DDR333, CL=3 at tCK = 5ns for DDR400; 50% of data changing at every burst; lout = 0 m A 
IDD4R 

Operating current - burst write; 
Burst length = 2; writes; continuous burst; One bank active address and control inputs changing once per clock cycle; 

CL=2 at CL=2.5 at tCK = 6ns for DDR333, CL=3 at tCK = 5ns for DDR400; DQ, DM and DQS inputs changing twice per 
dock cycle, 50% of input data changing at every burst 

IDD4W 

Auto refresh current; tRC = tRFC(min) - 12*tCK for DDR333 at 166Mhz, 14`tCK for DDR400at 200Mhz; distributed 
refresh IDD5 

Self refresh current; 
CKE =< 0.2V; External clock should be on; tCK = 166Mhz for DDR333, 200Mhz for DDR400 IDD6 

Operating current - Four bank operation ; 
Four bank interleaving with BL=4 -Refer to the following page for detailed test condition • IDD7A 

DDR SDRAM module IDD spec table 

• • Typical 
D27,1 

-Typica 
D32K 

. : s x

IDDO 2990 3620 mA 
IDD1 3350 4070 mA 

IDD2P 488 524 mA 
IDD2F 1280 1460 mA 
IDD2Q 1100 1280 mA 
IDD3P 1640 2360 mA 
IDD3N 2360 3080 mA 
IDD4R 3890 5060 mA 
IDD4W 4250 5150 mA 
IDD5 4430 4970 mA 

IDD6 Normal 488 488 mA 
Low Power 434 434 mA Optional 

IDD7A 6050 7310 mA 

Module IDD was calculated on the 
basis of component IDD, and assuming 
one row of the module is in Active 
standby mode. 
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AC Timing Parameters & Specifications 
D27J (DD R333) D32K(DDR400A) 

Row cycle time tRC 60 55 ns • 

Refresh row cycle time tRFC 72 70 ns 

Row active time tRAS 42 70K 40 70K ns 

RAS to CAS delay tRCD 18 15 ns 

Row precharge time tRP 18 15 ns 

Row active to Row active delay tRRD 12 10 ns 

Write recovery time tWR 15 15 ns 

Internal write to Read command tWTR 1 2 tCk 

Clock cycle time 

CL=3.0 

tCK 

- - 5 10 ns 

CL=2.5 6.0 12 6 12 
ns 

CL=2 7.5 12 
Clock high level width tCH 0.45 0.55 0.45 0.55 tCK 

Clock low level width tCL 0.45 0.55 0.45 0.55 tCK 

DQS-out amess time from CK/CK* tDQSCK -0.60 +0.60 -0.55 +0.55 ns 

Output data access time from CK/CK* tAC -0.70 +0.70 -0.65 +0.65 ns 

Data strobe edge to ouput data edge tDQSQ - +0.45 - +0.40 ns 12 

Read Preamble tRPRE 0.9 1.1 0.9 1.1 tCK 

Read Postamble tRPST 0.4 0.6 0.4 0.6 tCK 

CK to valid DQS-in tDQSS 0.75 • 1.25 0.72 1.28 tCK 

DQS-in setup time tWPRES 0 0 ns 

DOS-in hold time tWPREH 0.25 0.25 tCK 3 

DQS falling edge to CK rising-setup time tDSS 0.2 0.2 tCK 

DQS falling edge from CK rising-hold time tDSH 0.2 0.2 tCK 

DOS-in high level width tDQSH 0.35 0.35 tCK 

DQS-in low level width tDQSL 0.35 0.35 tCK 

DQS-in cycle time tDSC 0.9 1.1 - - tCK 

Address and Control Input setup time (fast) tIS 0.75 0.6 ns 57 

Address and Control Input hold time (fast) tIH 0.75 0.6 ns 5,7 

Address and Control Input setup time (slow) tIS 0.8 - ns 

Address and Control Input hold time (slow) tIH 0.8 - ns 

Data-out high impedance time from CK/CK* tHZ -0.70 +0.70 - tAC max ps 1 

Data-out low impedance time from CK/CK' tLZ -0.70 +0.70 tAC min tAC max ps 1 

Input Slew Rate(for input only pins) tSL(I) 0.5 - - \t/ns 

Input Slew Rate(for I/O pins) tSL(I0) 0.5 - V/ns 

Output Slew Rate(x4) tSL(O) 1.0 4.5 - - V/ns 

Output Slew Rate Matching Ratio(rise to fall) tSLMR 0.67 1.5 - - 
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AC Timincl Parameters & S ecifications Continued 

D27J (DDR333) D32K(DDR400A) 

Ritagn? _ S yi =el -0533,, NM an PiriD 
Mode register set cycle time tMRD 12 2 tCK 

DQ & DM setup time to DQS tDS 0.45 0.4 - ns J,k 

DQ & DM hold time to DQS tDH 0.45 0.4 - ns J,k 

Control & Address input pulse width tIPW 2.2 2.2 - ns 8 

DQ & DM input pulse width tDIPW 1.75 1.75 ns 8 

Exit self refresh to Non read command tXSNR 75 75 ns 

Exit self refresh to read command tXSRD 200 200 tCK 

Refresh interval time tREFI 7.8 7.8 us 4 

Output DQS valid window tQH tHPtQHSmin - 
tHP 

-tQHS - ns 11 

Clock half period tHP 
tCLmin 

or 
tCHmin 

- 
min 

tCH/tCL ns 10,11 

Data hold skew factor tQHS 0.55 0.5 ns 11 

DQS write postamble time tWPST 0.4 0.6 0.4 0.6 tCK 2 

Active to Read with Auto precharge command tRAP 18 - - 

Autoprecharge write recovery + Precharge 
time tDAL 

(tWR/tCK 
)+(tRP/tC 

K) 
- - tCK 13 

Component Notes 
1. tHZ and tLZ transitions occur in the same access time windows as valid data transitions. these parameters are not referenced to a 
specific voltage level but specify when the device output in no longer driving (HZ), or begins driving (LZ). 
2. The maximum limit for this parameter is not a device limit. The device will operate with a greater value for this parameter, but sys 
tern performance (bus turnaround) will degrade accordingly. 
3. The specific requirement is that DQS be valid (HIGH, LOW, or at some point on a valid transition) on or before this CK edge. A 
valid transition is defined as monotonic and meeting the input slew rate specifications of the device. when no writes were previously in 
progress on the bus, DQS will be transitioning from High- Z to logic LOW. If a previous write was in progress, DQS could 
be HIGH, LOW, or transitioning from HIGH to LOW at this time, depending on tDQSS. 
4. A maximum of eight AUTO REFRESH commands can be posted to any given DDR SDRAM device. 
5. For command/address input slew rate iY 1.0 V/ns 
6. For command/address input slew rate P./ 0.5 V/ns and < 1.0 V/ns 
7. For CK & CK slew rate iY 1.0 V/ns 
8. These parameters guarantee device timing, but they are not necessarily tested on each device. They may be guaranteed by 
device design or tester correlation. 
9. Slew Rate is measured between VOH(ac) and VOL(ac). 
10. Min (tCL, tCH) refers to the smaller of the actual clock low time and the actual clock high time as provided to the device (i.e. this 
value can be greater than the minimum specification limits for tCL and tCH) For example, tCL and tCH are = 50% of the 
period, less the half period jitter (tJIT(HP)) of the clock source, and less the half period jitter due to crosstalk (tJIT(crosstalk)) into 
the dock traces. 
11. tQH = tHP - tQHS, where: 
tHP = minimum half dock period for any given cycle and is defined by dock high or dock low (tCH, tCL). tQHS accounts for 1) The 
pulse duration distortion of on-chip dock circuits; and 2) The worst case push-out of DQS on one transition followed by the worst 
case pull-in of DO on the next transition, both of which are, separately, due to data pin skew and output pattern effects, and p-
channel to n-channel variation of the output drivers. 
12. tDQSQ 
Consists of data pin skew and output pattern effects, and p-channel to n-channel variation of the output drivers for any given cycle. 
13. tDAL = (tWR/tCK) + (tRP/tCK) 
For each of the terms above, if not already an integer, round to the next highest integer. Example: For DDR266B at CL=2.5 and 
tCK=7.5ns tDAL = (15 ns / 7.5 ns) + (20 ns/ 7.5ns) = (2) + (3) 
tDAL = 5 clocks 
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Serial Presence Detect 

Byte Description 
Hex Value Function 

D47J D32K D27J D32K 
0 Number of bytes used 80h 80h 128Byte 
1 Total SPD memory size 08h 08h 256Byte 
2 Memory type 07h 07h SDRAM DDR 
3 Number of row address bits 0Dh 0Dh 13 
4 Number of column address bits 0Bh 0Bh 11 
5 Number of banks (module rows) 02h 02h 2 Rows 
6 Module data width (LSB) 48h 48h 72bits 
7 Module data width (MSB) 00h 00h 
8 Module interface signal levels 04h 04h SSTL 2.5V 
9 DDR SDRAM cycle time for highest CL 60h 50h Ens 5ns 

10 DDR SDRAM access time from clock for highest CL 70h 65h 0.7ns +- 0.65ns +-

11 Module configuration type 02h 02h ECC 
12 Refresh rate/type 82h 82h 7.8us & Self refresh 
13 Primary SDRAM width 08h 08h X8 
14 Error checking SDRAM width 08h 08h X8 

15 DDR SDRAM device attributes, min clock delay for back to 
back random column addresses (Tccd) 01h 01h tCCD=1tCK 

16 SDRAM device attributes, burst lengths supported 0Eh 0Eh 2,4,8 

17 SDRAM device attributes, number of banks on SDRAM device 04h 04h 4 banks 
18 SDRAM device attributes, CAS latency OCh 18h 2, 2.5 2.5,3 
19 SDRAM device attributes, CS latency 01h 01h 0 tCK 
20 SDRAM device attributes, WE latency 02h 02h 1 tCK 
21 SDRAM device attributes 24h 24h Reg Add,CTR,DLL, PLL 
22 SDRAM device attributes, general C0h C0h Fast/Concurrent AP 
23 SDRAM cycle time for second highest CL 75h 60h 7.5ns Ens 

24 SDRAM access time from clock for second highest CL 70h 70h 0.7ns +-

25 SDRAM cycle time for third highest CL 00h 00h 

26 SDRAM access time from clock for third highest CL 00h 00h 

27 Minimum row precharge time (Trp) 48h 3Ch 18ns 15ns 
28 Minimum row active to row active delay (Trrd) 30h 28h 12ns lOns 
29 Minimum CAS to RAS delay (Trcd) 48h 3Ch 18 ns 15ns 
30 Minimum RAS pulse width (Tras) 2Ah 28h 42ns 40ns 
31 Module bank density 80h 80h 512MB 
32 Command & Address signal input set up time 80h 60h 0.8ns 0.6ns 

33 Command & Address signal input hold time 80h 60h 0.8ns 0.6ns 

34 Data signal input set up time 45h 40h 0.44ns 0.4ns 
35 Data signal input hold time 45h 40h 0.45ns 0.4ns 
36 Reserved 00h 00h 
37 Reserved 00h 00h 
38 Reserved 00h 00h 
39 Reserved 00h 00h 
40 Reserved 00h 00h 
41 Row cycle time (Trc) 3Ch 37h 6Ons 55ns 
42 Auto Refresh cycle time (Trfc) 48h 46h 72ns 70ns 
43 Maximum SDRAM device cycle time (Tckmax) 30h . 28h 12ns lOns 
44 DQS-DQ skew (Tdqsq) 2Dh 28h 0.45 0.4ns 
45 SDRAM device data hold skew factor (Tqhs) 55h 50h 0.55 0.5ns 
46 Reserved 00h 00h 
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Serial Presence Detect (Continued 
47 Reserved 00h 00h 
48 Reserved 00h 00h 
49 Reserved 00h 00h 
50 Reserved 00h 00h 
51 Reserved 00h 00h 
52 Reserved 00h 00h 
53 Reserved 00h 00h 
54 Reserved 00h 00h 
55 Reserved 00h 00h 
56 Reserved 00h 00h 
57 Reserved 00h 00h 
58 Reserved 00h 00h 
59 Reserved 00h 00h 
60 Reserved 00h 00h 
61 Reserved 00h 00h 
62 SPD revision 10h 10h Revision 1.0 
63 Check sum for byte 0 - 62 7Eh D5h 7Eh I D5h 
64 Manufacturers JEDEC ID code 7Fh 7Fh Netlist Inc 
65 Manufacturers JEDEC ID code 7Fh 7Fh Netlist Inc 
66 Manufacturer's JEDEC ID code 7Fh 7Fh Netlist Inc 
67 Manufacturer's JEDEC ID code 16h 16h Netlist Inc 
68 Manufacturer's JEDEC ID code 00h 00h 
69 • Manufacturer's JEDEC ID code 00h 00h 
70 Manufacturer's JEDEC ID code 00h 00h 
71 Manufacturers JEDEC ID code 00h 00h 
72 Manufacturing location 00h 00h 
73 Manufacturer part number 4Eh 4Eh N 
74 Manufacturer part number 4Ch 4Ch L 
75 Manufacturer part number 39h 39h 9 
76 Manufacturer part number 31h 31h 1 
77 Manufacturer part number 32h 32h 2 
78 Manufacturer part number 37h 37h 7 
79 Manufacturer part number 4Ch 4Ch L 
80 Manufacturer part number 44h 44h D 
81 Manufacturer part number 36h 36h 6 
82 Manufacturer part number 34h 34h 4 
83 Manufacturer part number 30h 30h 0 
84 Manufacturer part number 33h 33h 3 
85 Manufacturer part number 32h 32h 2 
86 Manufacturer part number 2Dh 2Dh -
87 Manufacturer part number 44h 44h D 
88 Manufacturer part number 32h 33h 2 3 
89 Manufacturer part number 37h 32h 7 2 
90 Manufacturer part number 4Ah 4Bh J K 
91 Revision code 00h 00h 
92 Revision code 00h 00h 
93 Manufacturing date 00h 00h 
94 Manufacturing date 00h 00h 
95 Assembly serial number 00h 00h 
96 Assembly serial number 00h 00h 
97 Assembly serial number 00h 00h 
98 Assembly serial number 00h 00h 
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Serial Presence Detect (Continued) 

99 Manufacturer specific data 00h 00h 
100 Manufacturer specific data 00h 00h 
101 Manufacturer specific data 00h 00h 
102 Manufacturer specific data 00h 00h 
103 Manufacturer specific data 00h 00h 
104 Manufacturer specific data 00h 00h 
105 Manufacturer specific data 00h 00h 
106 Manufacturer specific data 00h 00h 
107 Manufacturer specific data 00h 00h 
108 Manufacturer specific data 00h 00h 
109 Manufacturer specific data 00h 00h 
110 Manufacturer specific data 00h 00h 
111 Manufacturer specific data 00h 00h 
112 Manufacturer specific data 00h 00h 
113 Manufacturer specific data 00h ooh 
114 Manufacturer specific data 00h 00h 
115 Manufacturer specific data 00h 00h 
116 Manufacturer specific data 00h 00h 
117 Manufacturer specific data 00h 00h 
118 Manufacturer specific data 00h 00h 
119 Manufacturer specific data 00h 00h 
120 Manufacturer specific data 00h 00h 
121 Manufacturer specific data 00h 00h 
122 Manufacturer specific data 00h 00h 
123 Manufacturer specific data 00h 00h 
124 Manufacturer specific data 00h 00h 
125 Manufacturer specific data 00h 00h 
126 Specification for frequency 00h 00h 
127 Details 00h 00h - 
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'la  
„ VOD 
s 

A  CO26 

DM3/DOS12  

00313  A3 
1.27 GND A2 1 0031 

A2 0031 174 CB4 
A ♦  AlGNI) Pi C/34 C05
CO 
C 1 COO WO 

CB5

VOD AR  CBI Dur..iiiy, c.K040,1 
D058  VDD :LA CKO. 

DOSS 
  AO DM13930S17  

GND  1 -  6

18 :4- CB2 AIR f47 coo c,33 —r- GNO B/3  ,„ 

It12 " - 
0033 c  VOD * DGON3?3 ,i; gg 
BOV 

D033 
DOS4 

C037 
VOD  

D034 13144/00S13  

tAA
GND 0038 

1„ 0038 
—51. 51 0039 

157 1/31 VDD 
log 13014 

E 
12 VDD 

IA 20 
15 Al2 IR 17 D021 
in 
IA 
70 
71 
77 
ri D023 

77 
28 

115 A3 41 0030 
17 

BAO . 
E3t RR  BAD 

D035 
0039   7 DWO et  GND 155 D044 

VDD a7  0040 DO.  164 RAS' 
WE' n  V

W
DD
E 0045 

lEAS 175 0045 

115

  004 VDD A 1 
D-/13 Ta 157 

COCH'j  SND TI.  155 SP 
0042 50  DOS5 DM5/DOSI4 4 CMS 

D042 GND  1Rnn
4,E1 - 14- D043 0046 

VDD D347 

IRA 41' 

D.14-ii-  RCM NUM FA,, 'VDD 
08/9 7l 0048 VDD , 

D049 D052 AS 
--LI- Gm, 0053 68 

 'OM CK2 Al3 -i ii-7S,D, 
&  7 / CK2 
  VDD DNS/00815  - - 

VDD  „ 6

7n 
0050 7A  DOS6 0054 171 13055 
0051 A  DC4° D055 

D051 VDD 177 VDD 

Das24 2i-' VDD1D Da. St?

-13.1— OND NC4 

• RK '  VDD DM7/DOS16 1
0057 

D056 
  D057 

0062 

0061 
178 GND  

711 
7A 

0059 Ra  DON D083 
D059 SDD  1F6 VDD 

spA , giff SA  1 5A1 
. SAO 

SA1 111  sDA S. SCL 154 VDDSPD SOL VODSPD 

RN4 
22 

5145 
22 

RN8 
22 

RN7 
22 

RNI3 
22 

RN9 
22 

RNI 0 
22 

RN1 1 
22 

RN12 
22 

RN13 
22 

RN14 
22 

RN15 
22 

RN18 
22 

000 RDO0 DOS0 R1 22 

RN17 C 
22 

RN18 
22 VDD 

RDOSO 
RDOS1 
RDOS2 
RDOS3 
RDOS4 
RDOS5 
RDOS8 
RDOS7 
RDOS8 
RRCOSO 
IWEst 2

RRDOS3 
RROOS4 
RRDOS5 
RRDOS13 
RRDOS7 
RRDOS8 

DM0 R2 22 DMO SO. R3 10 RSO' A7 R4 10 

DM3 R14 2pRI);; 

11,r4 32-7,11 
M8 •28 

DM8 11.1 22 
MO 

VDD 

558 
10K 

CKO 

RDM4 

RCM 

R80 
120 

AVDD VOD 

CIO CI  Cl2 C13 R70 CS 
10uf 2.20 0.1uf 0.01uf 10 0.1uf 

R55 
120 

CKO. RCM' 

1p 
T 3.3.71 

U1 

FWRDOIME 77 
AVDD 

.BIN 

R131 
120 

FB 

T 3.3pf 
FBIN' 

Sour

Pis 

AVDD 

548 
120 

 > PCKO 

>  PCKO.
  PCK3 

AVDD vsY310 . 
LY44 — 

GND1 VIOL. 
16/ — 

AGND V60, 

Z16-
770 
V70" IA

Ye  

ge" 

583 

120 

R57 I 
120 

R59 
120 

Fbcu 4- 21—

DDR_PLL.657JALF40P.Notm41 

R85 
682 

R68 
10 

U3 

IN OUT 

587 
682 

C6 C7 
4.7uf 

MOS 
2.2uf 

R59 
120 

PCK3' 
PCK8 

PC107 
PCK7 

  PCK7.
  PCK4 

  Paw 
  PCK1 

  POW 

R53 4120 

R82 
120 

VREFIN 

R134 
10 R51 R52 

120 CI 120 C2 
5.6pf 6 fief 

C1C2. CIO • VREF 

R69 <Con Design. 
611 

C 0402 

CO 
0.1uf 

Ruo
U2 

SPD 

PCK2' 
PCK5 

>  PCKS' 
  PCK8 

>  PCK7 

SDA VDDSPO 
SOA VCC 
SCL 

wP 
AO 

R" C5 Al 
A2 0140 10K Di

SAO 

VREF vREF

A 
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C349+3W35+C35 ,+C35 C3544C 355,+C 358+ 58+359+38 u+38+C382+383+C38 4

+0 01+0.01 7+0 0+0 01 0 01 001 0.01 0.01 0.01 0.01 0.01 0.01+0.01 0.01 0.01 0.01 0.01 0.01 0.01 

#1.1# _+7,°, +42, -+,cf,#%'.3.f _+;It +.4 +,.#Z, 

_±_%,'2#.1)1V.10°J,+ 10°014—U„'1#.1.°11FSI.,..#;.12-4412#1'.#.10U2I-4.1C43+.101u41—+,01uF..107+ ,.10'01+1.c.,,,y. 104u..(1)_+?,12,?,—+4,0224—;.i.44% 22

VREF 

r-Lot—I—OT—Lgt-1-9s —I—O9-14;37—I—O2,1-1—Fil—Lolo -1-240P—Or?—LO1434—O;41—LO2,4oP42,207—LP, `23°
T- "" — T• T . T — T — T — T . T' T' T' T"' 

-Lgy.14,T+244.0„f2:42,5,+.20v..+FP,+.2.5p,.2042,r#0+;.040.2.54F,r4g.208,:+v012+g.20°,3+.v C205 
0 0101 

C285 

001 001 001 • 001 0.01 001 0.01 • 0.01 0.01 • 001 • am • 0.01 0.01 • 0.0 0.011• .01 • 001 0,01 001 00101 

VREF 

C305 
00101 

vat —4:zp, +W 600p1+7000+700pf +WOffpf 

#4a, +247. -44-2%,+-2041-4-4g0p142200pl#21013plIf-ggpi-poti:-.F.,?4,-+-T:p+:;%,#-`21:4,-#22.0p,-+-(2-10p, +22.41+-442,%4414,+=,,,4,

RAO 
RAO 

RAI 
RAI 

RA2 
RA2 

RA3 
RA3 

RA4 
RA4 

RA5 
RA5 

RA8 
RA8 

RA7 
RAT 

RA8 
RA8 

RA9 
RAO 

RA,o 3 M,0M14 RAIOB 
RAIO RA10A 

11 RA11B 
RA1IA 

RAI2B 
  RAI. 

z=VAz° 
3 ).0 

 , RA. 

RA06 
RADA 

AA, 

A43
AA3 

 3 1013 
  A2A 

RMB 
 RMA 

301  FR.A.,A59 

  RABB 
  RASA 

  RATB 
 > RA7A 

), RABB 
>  RASA 

RA9B 
RADA 

A'AM

Rim 
RA„ 

RA12 
RAI2 

RBA° 
RBAO 3 iism RBA013 

RBAOA 

RBA1   REIMS 
RBAI   RBA. 

VREF 

010
 118201

ROOD 

CID 118 Pm), 

CI@ 118201 ROW, 

C20 HS 2of Rnn), 

C22 118 2of Rna) 

C20 11Lqp_._2220, 

C2S 1111 201 001n), 

C28 118 201 0004) 

C30 110 201 Pm) 

COO 118.2111 ROO) 

C11 118 201 ROCI 

C30 HS 20r Ronl 

C30 118 201 ROO) 

C40 118 2of Roo, 

C42 118 2p1 

C44 118 201 Rnoty, 

C48 i18 201 pm, 

C48118201 anal); 

COO 110201 Ron) 

C52 118 201 ROO) 

C54 114291 ,E24 

C58 Ile 2of Rfifa 

CO8 11020 Poo) 

C80 118 201 R1110$ 

c82 111 01)9) 

C84 118 201 a./ 

C68 Ile 2o1 RIX) 

C08 1112w_ Et,,,4 

C70 118 TV RrX,j, 

C72118 2,0 rax,, 

 1 

C18 111.i___$12g2, 

C78118.201 larR), 

080 118101 _ a a IL) 

CO2 118 201 018) 

C84 118 201 R0Fik, 

RRAS• 
RRAS• Arg;'•

RCAS• 
RCAS• 

''ACCff• 

3 AV, 

,Az. 3
3 Al .,.

RNE.
RWE• 

RSO• 
RSO.

RS1.
R51.

233 ACKEO

ME; 3"Z11 

CIS 820? ono., 

C1 T 8 201 RINI) 

C19 8 201 ROW, 

C21 0 281 01)01 

C23 820! onny 

C25 8201 Rflol 

C27 8 201 011 

C29 8 201 R0Q2A 

C31 @ 201 RF10451 

C33 8201 01104, 

C35 8.201 01-1045 

C37 8 201 Rf104$ 

C39 8 2,31 01304; 

C41  8201 Rno4j, 

.3  8201 RD115, 

C45 8201 RR.", 

C47 820 01104$, 

CAB 8 201 Imo) 

C51 8 201 Ann) 

C53 @ 201 RII03 

C55 8 281 Rilfl 

C57 8.201 ar40), 

CO9 8 201 01111) 

C8i 8 281 01-005 

C83 8 201 ROO", 

C85 @201 RTWIFfj. 

C87 8.201 RIX" 

C89 8 201 Rn 

071 pleL_81229 
C73 0 201 0005. 

C75  1$2,1___Ealp3 

CT? 8 201 RD005 

C79 8.201 

.1  8 201 RCR7. 

CS3 8201 R00). 

C85 8.201 0005 

).RRASB•
›RRASA• 

> Ruse. 
) R.SA 

)RwEB.

050U.
) POOL' 

) RS1U' 
ROIL' 

RCKEOU 
RCKE01. 

> RCKE1L1 
RCKE1L 
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0 

4 

RUB 
RAI B 
RA2B 
RA38 
RUB 
RABB 
RUB 
RA78 
RUB 
RA98 
RAIOB 
MI 18 
RAI 28 

RBAOB 
1180.1B 

RAEB.
RCASB 
RRASB 
RS1LF 

RADA 
RATA 
RA2A 
RASA 
RMA 
RASA 
RAM 
RATA 
RASA 
RASA 
RA1OA 
RAI1A 
RA124 

RBAOA 
RBAIA 

RI/WA' 
RCA. 
RRASA 
RS1 L.

AD VREF 
Al 
A2 
A3 000 
AA 
A5 001 
U 
A7 CO2 
U 
AS 003 
Al WAP 
All 
Al2  
A13 

U31A 
DOS 

MO 
BA1 

7fiZ CLK 
CLK 

CS 
CKE 

AO VREF 
Al 
A2 
A3 000 
A4 
AS 001 
U 
Al 002 
AB 
AS 003 
AI NAP 
All 
Al2 U38A DM 
A13 DOS 
MO 
BAI 

CAE CLK 
RAE ZYR 
CS 

CKE 

VREF RUB 
RAI B 
RA2B 

RDO0 RASE 
RUB 

RDCM RA,B 
RABB 

R005 RA7i, 
RUB 

R0O1 RUB 
RAIOB 
RAI 1B 

RRDMO RA128 
RRDOSO 

RBAOB 
RBAOB 

RMS.
PCKO RCASB 
POKY RRASB 

RS1LF 
RCKEIU 

VREF RADA 
RAI A 
RA. 

R0039 RASA 
RMA 

RD035 RASA 
RAM 

R0034 RA7A 
RAM 

R0038 RAM 
RAI OA 
RAI IA 

R ROMA RAI 2A 
RROOS4 

R BACA 
RBAIA 

RINEN 
PCK7 RCASA 
PCK7' RRASA 

RSIL.
RCKEIL 

AO VREF 
Al 
A2 
A3 DOO 
A4 
A5 D01 
AB 
A7 002 
AB 
/19 003 
MO/AP 
All 
Al2 U32A O
Al 3 DDS 
BU 
MI 

WE 
75Z CLK 
RAE CLK 
CS 

CKE 

AO VREF 
Al 
A2 
A3 000 
A4 
A5 001 
AB 
A7 002 
AB 
A9 003 
Al NAP 
All 
AI 2 

005Al 3 
U37A 

BU 
BAI 

CAS CLK 
IW9 
CS 

CKE 

VREF RUB 
RAI B 
RA2B 

R0O13 RASB 
RA48 

RDO9 RUB 
RUB 

RDO12 RA7B 
RUB 

RDOB RUB 
RAI OB 
RAI 1B 

RRDM1 RA128 
RRDOSI 

RBAOB 
RBAI B 

RINEW 
PCK1 RCASB 
PCK1. RMSB 

RSIU.
RCKEIU 

VREF RADA 
MIA 
RAM 

R0040 Rg3,/, 
RAM 

RD044 RA. 
BABA 

R0045 FtA7A 
RAM 

RD041 Risw, 
RM OA 
RAI IA 

R REIMS RM 2A 
RRDOS5 

RBA. 
RBAIA 

RI/VEA• 
PCKS RCASA 
PCKW RRASA 

RS1 L.
RCKE1 L 

AO VREF 
Al 
AS 
A3 000 
A4 
AS DOI 
A8 
Al DO2 
AO 
AS DO3 
Al NAP 
Ail 
Al2 U93A DM 
A13 DOS 
BU 
BA1 

aD CLK 
AXE ZtR 
CS 

CKE 

AO VREF 
Al 
AS 
A3 COO 
A4 
A5 DOI 
AS 
A7 DO2 
AB 
AS 003 
Al WAD 
All 
Alt U39A OM 
A13 DOS 
BU 
BA1 

CLK 
lUE 
CS 

CKE 

VREF 

VREF RAOB 
RAI B 
RA2B 

RDO19 RASE 
RAAB 

RD023 BABB 
RAM 

R0022 RA7B 
RABB 

FtD018 RABB 
RAIOB 
RAI 10 

RR DM2 RA128 
RRDOS2 

RBAOB 
RBA1B 

RWEW 
PCIO RCASB 
PCK7 RRASB 

RS11.1.
RCKEIU 

VREF RAM 
MIA 
Rk2A 

RD052 RASA 
RA4A 

RD049 RASA 
RAM 

R0053 RA7A 
RAM 

RD049 RAM 
RAI. 
RAI 1A 

RROMEI RA12A 
RRDOS8 

RBAOA 
RBAIA 

RVVE.A.
PCK7 RCASA 
PCK7' RRASA 

RS L. 
RC KE I I. 

AO VREF 
Al 
A2 
A3 000 
A4 
A5 DO I 
AS 
A7 002 
AB 
AS 003 
Al NAP 
Alt 
Al2 U34A DM 
A13 DOS 
BU 
BM 

WE 
C70 CLK 

CIR 
CS 

CKE 

AO VREF 
Al 
A2 
A9 DOD 
AA 
A5 001 
AB 
A7 002 
AS 
AB 003 
Al WAP 
All 
Al2 U40A DM 
AI 3 DOS 
RU 
BA1 

CAS CLK 

CS 
CKE 

1 

1 

VREF RAM 
RATA 
RA. 

RD028 RAM 
RA. 

R0030 MM 
RAM 

RD027 RA7A 
RAM 

RD031 RAM 
RAIM 
RAI1A 

RR C613 RA12A 
RR COS3 

RBAOA 
RBAIA 

MEM 
PCK2 RCASA 
PCI(2. RRASA 

RS1 L.
RCKEIU 

VREF 

R19081 

80067 

R11080 

RD058 

RROM7 
RROOS7 

PCK8 
PCKEV 

RC KE 1 L 

AD VREF 
Al 
A2 
A3 000 
AA 
A5 001 
AS 
A7 DCQ 
AS
AS 003 
AI NAP 
All 
Al2 U35A DM 
A13 DOS 
BAD 
BA1 

U70 CLK 

CS 
CKE 

<Com Chmiwt. 
Flom ono 0.01u F and Ago 0.10F ceps por SDRAM. 

VREF 

RCM 

RCM 

RCB7 

RCEL1 

RROHB 
RROOS8 

PCK4 
PCK4.

RCKE1L 

2 

A 
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RAOB VREF RAN AO 
Al 
A2 

VREF 

RI3003 

RAIB 
AD 
Al 
A2 

VREF 
RAI B 

RA2B RA2B 
FtA3B RA3B 

RUB 
D30 

RI302 
RMB 

A3 
A4 

000 

RASE BARB AS 
AG 

001 

R003 
RABB 

A5 
A.13 

001 
RAAB 

RA7B RA7B A7 
A13 

DO2 

RD07 
FLAN 

A7 
AB 

002 
BARB 
RA9B RA9B A9 

Al 0/AP 
All 

003 

R0140 

RM OD 
AS
A10/AP 
All 

003 
RA10B 

RAIII3 .11B 
RM .122 Al2 U22A DM 

RDOSO 
2B Al2 U29A DM 

A13 
BAO 
BA1 

tan 
CS 

DOS 

CLK PCKO 

ROWS 
A13 
BAD 
BA1 

WE 
tWE 
fag 
CS 

DOS 
RBAOB 

RBAOB RBAOB 

RAW RWEB.
RCASB RCASB CLK 

RRASB 
RS1U.

PCKO 

RCKEIU 

RRASB 
RS11.1.

CKE CKE 

RADA VREF RAGA 
.1A 

AO 
Al 

VREF 
RATA 

AD 
Al 

VREF 

RA2A Al
R0033 

A2 RA2A 
RASA RASA AS 

AA 
000 

R0037 
RA4A 

A3 
A4 

000 
RA4A 
FtA5A AS 

AB 
001 

RD038 

RASA AS 
AD

001 
RASA RADA 

RATA RA7A 
RAM 

A7 
AB 

002 

R D032 
RAM 

A7 
A8 

002 

RADA RAM A9 
A10/AP 

003 
AI 0/AP 

003 
RAI OA RAIBA 

.11A All 
R COM 

All FtAl IA 
RAI 2A RA12A Al2 U27A R DOS4 

Al 2 U211A DM 

RBAM 
A13 
BAO 

DOS 
RBAOA 

A13 
BAO 

DOS 

RBAIA RBAIA BAI ,EtAl 

A RWER WE
PCK6 

RWEM WE 
RCASA 
RRASA 

RCASA 
RRASA 

UiE CLK 
ZEW PC1(6.

CLK 
E 

RCKEIL 
RS1 CS CS RS11' L.

CKE CKE 

VREF RAOB 
RAIB 
RA2B 

R13014 BABB 
RA48 

RD015 RASB 
BARB 

RDO10 
RABB 

RD011 RABB 
RA108 
RA11B 

RDM1 RA12B 
RDOS1 

RBAOB 
RBAIB 

RWEEI.
PCK1 RCASB 
PCK1. RRASB 

RS11, 
RCKEIU 

VREF RAGA 
RATA 
BABA 

R0O47 BABA 
RAAA 

R13O43 RABA 
RA. 

RDO48 RATA 
RAGA 

RDO42 RASA 
RAI OA 
RAI IA 

RCM5 RA12A 
R DOSS 

RBAOA 
RBAIA 

RWEA' 
PCK8 RCASA 
PCKB' RRASA 

RS1 L.
RCKEIL 

VREF 

AO VREF 
Al 
A2 
AS DOD 
A4 
AS 001 
AO 
A7 DO2 
AB 
AO 003 
A10/AP 
All 
Al U24A 
A13 DOS 
BAD 
BA1 

WE 
UAE CLK 
WAS 
CS 

CKE 

AO 
Al 
A2 
AS 
A4 
A.5 
AR 
A7 
A9 
AB 
A10/AP 
All 
0112 
A13 
BAO 
BA1 

U29A 

VREF 

DO0 

001 

DO2 

DO3 

DOS 

WP 
CAS cuc 

EDZ 
cs 

CKE 

VREF RADS AO VREF VREF RAM A.0 VREF VREF 
RAIB Al RAIB Al 
RA28 A2 RA2B A2 

RDO2O RA.9B A3 DO0 R0026 RA93 A9 DOO ROC. 
FtA413 A4 RA4B A4 

RD0113 RA5B AS DOI R0024 RASB A5 DOI RCBI 
RABB A8 RABB t3 

RR0017RA78 Al 002 R0029 RA. 
A
A7 DQ2 RCI34 

RAI3B A8 ..4sZ7A8 
RD021 BARB A.13 003 R00213 RABB A9 003 RM. 

RMOB A10/AP RAIOB AIO/AP 
RA11B All RA118 All 

RDM2 RA1213 Al 2 U2b1 OM ROMS FtAl2/3 At2 U2EA DM ROMS 
RN'C0 AIS DOS RDOS3 A13 DOS RDOSB a 

R8A013 BAO RBAD8 BAD 
RBA113 BA1 RBA1B BA1 

RWES. WE MEW WE 
PCK3 RCASB CZ C LK PCK3 RCASB CAS CLK PCKA 
PC10. RRASB nO UR PC101. RRASB RAZ ER PCKA.

RSILI. CS FtSILI. CS' 
RCKEIU CKE RCKEIU CKE RCKEIU 

VREF RAM AO VREF VREF 
RATA Al 
RAM A.2 

R0064 FLA3A A9 000 RD059 
RA4A 1  OA 

RD050 RASA AS DOI R0083 
RAGA A8 

RD055 .7A Al 002 R13058 
A8A A9 

RD051 B Ft ABA A9 003 R0062 
RA1OA A10/AP 
.11A All 

RDM8 RA12A AI 2 U30A DM
• 

q ROM? 
RDOS8 A19 DOS ROOS] 

RBAOA BAO 
RBAIA BM 

RWEM WE 
PC K8 RCASA CAE CLK PC K8 
PCIOr RRASA Fpz UR PCKI3.

RS11: CS 
RCKEIL CKE RCKEIL 

<Con DosIgc. 
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A 

RAOB 
RAIB 
RA28 
RA38 
RAZE 
RASE 
RABB 

Fl VREF AO 
Al 
A2 
A3 
A.4 

AD

VREF 

000 

001 

IR 

Al 

< 

R001 

07 

( 

< 01106 
17 

RD. RA78 Al 002 
RI 

< 

RDO0 
RABB 
RA98 
.108 

AS 
AD 
/1111/AP 

DO3 KR 
< 

RAI 1B All 
RRDMO RA128 Al2 

A/9 
um DM 

DOS ;; 
( 

RRDOSD < 
RBAOB 
RBAIB 

MO 
13A1 17 

RIACIP 127 
n?„ POW RCASB  CLIO < 

ACK°.RRASB 1VCg < 

< RCKEOU 
RSOLP 

CKE 

RAOA 
RAIA 
RA2A 
RA3A 
RMA 
RA. 
RA. 
RA 7 A 
RABA 
RAM 
FtM OA 
RAI IA 
RAI 2A 

RM. 
R BAJA 

0.14_1 213MX4_801141 

AO VREF 
Al 
A2 
A3 000 

AS 001 
AD
A7 002 
AD
AS 003 
AIOIAP 
All 
Ail 
A13

U1BA DS1 

BAO 
BA1 

RADB 
RA1 B 
RA2B 
RAZE 
RAAB 
RA68 
RABB 
RA7B 
RABB 
RABB 
.108 
RA11B 
RA12B 

RBAOB 
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