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Registered DIMM

1. DDR3L Registered DIMM Ordering Information

Part Number Density Organization Component Composition Nugabrﬁ: of Height
M393B5773CHO-YF8/H9 2GB 256Mx72 256Mx8(K4B2G0846C-HY##)*9 1 30mm
M393B5273CHO-YF8/H9 4GB 512Mx72 256Mx8(K4B2G0846C-HY##)*18 2 30mm
M393B5270CHO-YF8/H9 4GB 512Mx72 512Mx4(K4B2G0446C-HY##)*18 1 30mm
M393B1K70CHO-YF8/H9 8GB 1Gx72 512Mx4(K4B2G0446C-HY##)*36 2 30mm
M393B1K73CHO-YF8/H9 8GB 1Gx72 256Mx8(K4B2G0846C-HY##)*36 4 30mm
M393B2K70CMO-YF8/H9 16GB 2Gx72 DDP 1Gx4(K4B4G0446C-MY##)*36 4 30mm

NOTE :
- "##" - F8/HI/KO
- F8(1066Mbps 7-7-7) / H9(1333Mbps 9-9-9)
2. Key Features
DDR3-800 DDR3-1066 DDR3-1333
Speed Unit
6-6-6 7-7-7 9-9-9
tCK(min) 2.5 1.875 1.5 ns
CAS Latency 6 7 9 nCK
tRCD(min) 15 13.125 135 ns
tRP(min) 15 13.125 13.5 ns
tRAS(min) 37.5 37.5 36 ns
tRC(min) 52.5 50.625 49.5 ns

+ JEDEC standard 1.35V(1.28V~1.45V) & 1.5V(1.425V~1.575V) Power Supply

* Vppq = 1.35V(1.28V~1.45V) & 1.5V(1.425V~1.575V)

* 400MHz fck for 800Mb/sec/pin, 533MHz fck for 1066Mb/sec/pin, 667MHz fok for 1333Mb/sec/pin

* 8 independent internal bank

* Programmable CAS Latency: 6,7,8,9

*+ Programmable Additive Latency(Posted CAS) : 0, CL - 2, or CL - 1 clock

* Programmable CAS Write Latency(CWL) = 5(DDR3-800), 6(DDR3-1066) and 7(DDR3-1333)

» 8-bit pre-fetch

+ Burst Length: 8 (Interleave without any limit, sequential with starting address “000” only), 4 with tCCD = 4 which does not allow seamless read or
write [either On the fly using A12 or MRS]

+ Bi-directional Differential Data Strobe

+ Internal(self) calibration : Internal self calibration through ZQ pin (RZQ : 240 ohm + 1%)

+ On Die Termination using ODT pin

+ Average Refresh Period 7.8us at lower then Tcagg 85°C, 3.9us at 85°C < Tgasg < 95°C

» Asynchronous Reset

3. Address Configuration

Organization Row Address Column Address Bank Address Auto Precharge
512Mx4(2Gb) based Module A0-A14 A0-A9, A11 BAO-BA2 A10/AP
256Mx8(2Gb) based Module AO0-A14 A0-A9 BAO-BA2 A10/AP

1Gx4(4Gb DDP) based Module A0-A14 A0-A9, A1 BAO-BA2 A10/AP
SAMSUNG ELECTRONICS -5-
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4 Registered DIMM Pin Configurations (Front side/Back side)

Pin Front Pin Back Pin Front Pin Back Pin Front Pin Back
1 VRerpQ 121 Vss 42 Dass 162 r\f%sy 82 DQ33 202 Vgs
2 Vss 122 DQ4 43 DQS8 163 Vss 83 Vss 203 D!‘%i&s; 3
3 DQO 123 DQ5 44 Ves 164 CB6,NC 84 Das4 204 "f%ﬁ?’
4 Dat 124 Vss 45 CB2,NC 165 CB7,NC 85 DQS4 205 Vss
5 Vss 125 D[‘Q%iggg 46 CB3,NC 166 Vss 86 Vss 206 DQ38
6 Daso 126 '\f%sgg 47 Ves 167 NC(TEST) 87 DQ34 207 DQ39
7 DQS0 127 Vss 48 V17, NC 168 RESET 88 DQ35 208 Vss
8 Vss 128 DQ6 KEY 89 Vss 209 DQ44
9 DQ2 129 DQ7 49 Vrr NC 169 CKE1, NC 90 DQ40 210 DQ45
10 DQ3 130 Vss 50 CKEO 170 Voo 91 DQ41 211 Vss
11 Vss 131 DQ12 51 Voo 171 A15 92 Vss 212 Dﬁ%igi:“
12 DQs 132 DQ13 52 BA2 172 Al4 93 Dass 213 "f%ﬂ“
13 DQY 133 Vss 53 Err_Out/NC 173 Vbp 94 DQS5 214 Vgs
14 Vss 134 Dm)i&sgo 54 Voo 174 A12/BC 95 Vgs 215 DQ46
15 Das1 135 "f%%o 55 A11 175 A9 9% DQ42 216 DQ47
16 DQSH 136 Vgs 56 A7 176 Voo 97 DQ43 217 Vss
17 Vss 137 DQ14 57 Vo 177 A8 98 Vss 218 DQ52
18 DQ10 138 DQ15 58 A5 178 A6 99 DQ48 219 DQ53
19 DQ11 139 Vss 59 A4 179 Voo 100 DQ49 220 Vss
20 Ves 140 DQ20 60 Voo 180 A3 101 Vgs 221 D%igi‘j >
21 DQ16 141 DQ21 61 A2 181 Al 102 Das6 222 "f%—%%ﬁ 55
22 DQ17 142 Vss 62 Vo 182 Voo 103 DQS6 223 Vss
23 Vss 143 D'ﬂ%&gﬁ” 63 NC, CK1 183 Voo 104 Vss 224 DQ54
24 Das2 144 r\f%sm 64 NC, CK1 184 CKoO 105 DQ50 225 DQ55
25 DQS2 145 Vss 65 Voo 185 TKo 106 DQ51 226 Vss
26 Vss 146 DQ22 66 Vo 186 Vo 107 Vss 227 DQ60
27 DQ18 147 DQ23 67 VRerca 187 EVENTNC 108 DQ56 228 DQ61
28 DQ19 148 Vss 68 NC/Par_In 188 A0 109 DQ57 229 Vss
29 Vss 149 DQ28 69 Vop 189 Vop 110 Vss 230 D'\T"E)’(g’ﬁg 6
30 DQ24 150 DQ29 70 A10/AP 190 BA1 11 DQs7 231 D%ggf& 6
31 DQ25 151 Vss 71 BAO 191 Voo 12 DQS7 232 Vss
32 Vss 152 D',\%igf;z 72 Voo 192 RAS 13 Vss 233 DQs62
33 Dos3 153 "f%ﬁ s 73 WE 193 S0 114 DQ58 234 DQ63
34 DQS3 154 Vss 74 CAS 194 Vbp 115 DQ59 235 Vss
35 Vss 155 DQ30 75 Voo 195 oDTO 116 Vss 236 Vppsep
36 DQ26 156 DQ31 76 S1NC 196 A13 17 SAO 237 SA1
37 DQ27 157 Vss 77 ODT1,NC 197 Voo 118 scL 238 SDA
38 Vss 158 CB4,NC 78 Voo 108 S3NC 119 SA2 239 Vss
39 CBO,NC 159 CB5,NC 79 S2.NC 199 Vss 120 Vrr 240 Vrr
40 CB1,NC 160 Vss 80 Vss 200 DQ36
41 Vss 161 ?g"g*s':qc;’s,\}g 81 DQ32 201 DQ37

NOTE : NC = No internal Connection

SAMSUNG ELECTRONICS CO., Ltd. reserves the right to change products and specifications without notice.
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5. Pin Description

Pin Name Description Number Pin Name Description Number
CKO Clock Input, positive line 1 ODT[1:0] On Die Termination Inputs 2
CKO Clock Input, negative line 1 DQ[63:0] Data Input/Output 64

CKE[1:0] Clock Enables 2 CB[7:0] Data check bits Input/Output
RAS Row Address Strobe 1 DQS[8:0] |Data strobes
CAS Column Address Strobe 1 DQS[8:0] |Data strobes, negative line
. DM[8:0)/

WE |Write Enable 1 DQs[17:9) |Lata Masks/ Data strobes, 9
TDQS[17:9]
Sia. ) DQS[17:9] |Data strobes, negative line, Termination data
S[3:0] Chip Selects 4 —TDQS[1 7:9] |strobes 9
A[9:0],.A11, Address Inputs 2\14 RFU Reserved for Future Use 2
A[15:13]
A10/AP Address Input/Autoprecharge 1 EVENT Rese.rved for optional hardware temperature 1
sensing
— Memory bus test toll (Not Connected and Not
A12/BC Address Input/Burst chop 1 TEST Usable on DIMMs) 1
BA[2:0] SDRAM Bank Addresses 3 RESET Register and SDRAM control pin 1
SCL Serial Presence Detect (SPD) Clock Input 1 Vpp Power Supply 22
SDA SPD Data Input/Output 1 Vss Ground 59
SA[2:0] SPD Address Inputs 3 VRerDQ Reference Voltage for DQ 1
Par_In Parity bit for the Address and Control bus 1 VREFCA Reference Voltage for CA 1
Err out Ejsnty error found on the Address and Control 1 Vit Termination Voltage 4
Vobsep  |SPD Power 1
Total 240
NOTE :
*The Vpp and Vppq pins are tied common to a single power-plane on these designs.
6. 0N DIMM Thermal Sensor
SCL > <«—» SDA
EVENT WP/EVENT
R1
00 SAO0 SA1 SA2
e
0Q SAO0 SA1 SA2
[ Table 1 ] Temperature Sensor Characteristics
Temperature Sensor Accuracy
Grade Range Units NOTE
Min. Typ. Max.
75<Ta<95 - +/-0.5 +/-1.0 -
B 40<Ta<125 - +/-1.0 +/-2.0 °C -
-20<Ta<125 - +/-2.0 +/- 3.0 -
Resolution 0.25 °C /LSB -
SAMSUNG ELECTRONICS -7-
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7.Input/Output Functional Description

Symbol Type Polarity Function
CKo Input Pézlgt;“e/e Positive line of the differential pair of system clock inputs that drives input to the on-DIMM Clock Driver.
P~y Negative N . . . . . . .
CKoO Input Edge Negative line of the differential pair of system clock inputs that drives the input to the on-DIMM Clock Driver.
CKE HIGH activates, and CKE LOW deactivates internal clock signals, and device input buffers
CKE[1:0] Input Active High |and output drivers of the SDRAMSs. Taking CKE LOW provides PRECHARGE POWER-DOWN
and SELF REFRESH operation (all banks idle), or ACTIVE POWER DOWN (row ACTIVE in any bank)
Enables the associated SDRAM command decoder when low and disables decoder when high.
When decoder is disabled, new commands are ignored and previous operations continue.
§[3_0] Inout Active Low These input signals also disable all outputs (except CKE and ODT) of the register(s) on the DIMM when both
' P inputs are high. When both S[1:0] are high, all register outputs (except CKE, ODT and Chip select) remain in
the previous state. For modules supporting 4 ranks, S[3:2] operate similarly to S[1:0] for a second set of reg-
ister outputs.
ODT[1:0] Input Active High |On-Die Termination control signals
RAS, CAS, WE Input Active Low When sampled at the positive rising edge of the clock, CAS, RAS, and WE define the operation to be exe-
cuted by the SDRAM.
VRerDQ Supply Reference voltage for DQ0-DQ63 and CB0-CB7
VREFCA Supply Reference voltage for AO-A15, BAO-BA2, RAS, CAS, WE, S0, S1, CKEO, CKE1, Par_In, ODTO0 and ODT1.
Selects which SDRAM bank of eight is activated.
BA[2:0] Input BAO - BA2 define to which bank an Active, Read, Write or Precharge command is being applied. Bank
address also determines mode register is to be accessed during an MRS cycle.
Provided the row address for Active commands and the column address and Auto Precharge bit for Read/
A[15:13 Write commands to select one location out of the memory array in the respective bank. A10 is sampled dur-
12/Bé 11’ Inout ing a Precharge command to determine whether the Precharge applies to one bank (A10 LOW) or all banks
10/AP’9'0’] P (A10 HIGH). If only one bank is to be precharged, the bank is selected by BA. A12 is also utilized for BL 4/8
T identification for "BL on the fly" during CAS command. The address inputs also provide the op-code during
Mode Register Set commands.
DQ[63:0], . .
CB[7:0] 1/0 Data and Check Bit Input/Output pins
Active High Masks write data when high, issued concurrently with input data.
DM[8:0] Vpp, Vss Supply Power and ground for the DDR SDRAM input buffers and core logic.
V1 Supply Termination Voltage for Address/Command/Control/Clock nets.
DQS[17:0] 110 Positive Edge Positive line of the differential data strobe for input and output data.
DQS[17:0] 110 Negative Edge Negative line of the differential data strobe for input and output data.
TDQS[17:9] TDQS/TDQS is applicable for X8 DRAMs only. When enabled via Mode Register A11=1 in MR1, DRAM will
W[WI'Q]’ ouT enable the same termination resistance function on TDQS/TDQS that is applied to DQS/DQS. When dis-
' abled via mode register A11=0 in MR1, DM/TDQS will provide the data mask function and TDQS is not used.
X4/X16 DRAMs must disable the TDQS function via mode register A11=0 in MR1
SA2:0] N These signals are tied at the system planar to either Vgg or Vppgpp to configure the serial SPD EEPROM
' address range.
SDA 1o This bidirectional pin is used to transfer data into or out of the SPD EEPROM. A resistor must be
connected from the SDA bus line to Vppgpp on the system planar to act as a pull-up.
scL N This signal is used to clock data into and out of the SPD EEPROM. A resistor may be connected
from the SCL bus time to Vppgpp on the system planar to act as a pull-up.
EVENT (E’)Ue'l;] Active Low This signal indicates that a thermal event has been detected in the thermal sensing device.The system
erin) should guarantee the electrical level requirement is met for the EVENT pin on TS/SPD part.
v Supol Serial EEPROM positive power supply wired to a separate power pin at the connector which supports from
DDSPD PRy 3.0 Volt to 3.6 Volt (nominal 3.3V) operation.
The RESET pin is connected to the RESET pin on the register and to the RESET pin on the DRAM. When
RESET IN low, all register outputs will be driven low and the Clock Driver clocks to the DRAMs and register(s) will be set
to low level (the Clock Driver will remain synchronized with the input clock)
Par_In IN Parity bit for the Address and Control bus. ("1 ": Odd, "0 ": Even)
Er o ouTt Parity error detected on the Address and Control bus. A resistor may be connected from Err_Out
r_u fjc;Ziir; bus line to Vpp on the system planar to act as a pull up.
TEST Used by memory bus analysis tools (unused (NC) on memory DIMMs)

SAMSUNG ELECTRONICS
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8. Pinout Comparison Based On Module Type

== RDIMM UDIMM
in
Signal NOTE Signal NOTE
Additional connection for Termination Voltage for
V
48,49 ™ Address/Command/Control/Clock nets. NC Not used on UDIMMs
120 240 v Termination Voltage for Address/Command/Con- v Termination Voltage for Address/Command/Con-
’ T trol/Clock nets. i trol/Clock nets.
53 Err Out Connected to the register on all RDIMMs NC Not NG NC Not used on UDIMMs
- used on UDIMMs
63 NC CK1 i -
Not used on RDIMMs Used for 2 rank UQIMMS, not used on single-rank
64 NC CK1 UDIMMs, but terminated
68 Par_In Connected to the register on all RDIMMs NC Not used on RDIMMs
76 S1 Connected to the register on all RDIMMs S1 Useq for dual-rank UDIMMs, not connected
on single-rank UDIMMs
Connected to the register on dual- and quadrank Used for dual-rank UDIMMs, not connected
77 ODT1, NC RDIMMs; NC on single-rank RDIMMs ODT1.NC on single-rank UDIMMs
_ Connected to the register on quad-rank
79 S2,NC RDIMMs, not connected on single or dual rank NC Not used on UDIMMs
RDIMMs
167 NC TEST input used only on bus analysis probes NC ;Eti;l'slnput used only on bus analysis
169 CKE1 Connected to the register on dual- and quadrank CKEA1, Used for dual-rank UDIMMs, not connected
RDIMMs; NC on single-rank RDIMMs NC on single-rank UDIMMs
171 A15 A15,NC Depending on device density, may not be
172 Al4 Connected to the register on all RDIMMs A14 connected to SDRAMS. on UDIMMs. However,
these signals are terminated on
196 A13 A13 UDIMMs. A15 not routed on some RCs
_ Connected to the register on quad-rank
198 S3,NC RDIMMs, not connected on single-or dual-rank NC Not used on UDIMMs
RDIMMs
39, 40, 45, 46, - .
158, 159, 164, CBn Used on all RDIMMs; (n = 0...7) NC, cBn | USed on x72 UDIMMSs, (n =0...7); not
165 used on x64 UDIMMs
1275825 | oasn |comactdto Dason e sorv, e |Comesesio D n 5 D, Lo
212, 221, 230 TDQSn TDQS on x8 SDRAMs on RDIMMs; (n = 9...17) (n=0..8)
126, 135, 144 — — _—
’ ’ ’ DQSn Connected to DQS on x4 DRAMs, TDQS on x8
153, 162, 204, ’ o ’ NC Not used on UDIMMs
213, 222, 231 TDQSn SDRAMs on RDIMMs; (n=9...17)
Connected to optional thermal sensing compo-
EVENT nent.
187 NC NC on Modules without a thermal sensing NC Not used on UDIMMs
component.

NOTE : NC = No internal Connection

SAMSUNG ELECTRONICS -9-
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9. Registering Clock Driver Specification

9.1 Timing & Capacitance values

Tc =TBD
Vpp = 1.35V(1.28V~1.45V)
Symbol Parameter Conditions & 1.5V(1.425~1.575V) Units | Notes
Min Max
fclock Input Clock Frequency application frequency 300 670 MHz
tenftoL Pulse duration, CK, CK HIGH or LOW 0.4 - tek
L . DCKEO0/1 = LOW and
t - t
ACT Inputs active time4 before RESET is taken HIGH DCSO/A = HIGH 8 cK
tsu Setup time Input valid before CKICK 100 - ps
ty Hold time Input to remain Valid after CK/ 175 )
CK
trom Propagation delay, single-bit switching CK/CK to output 0.65 1.0 ns
output disable time(1/2-Clock pre-launch) ___ 0.5 -
tois . : CK/CK to output float tok
output disable time(3/4-Clock pre-launch) 0.25 -
output enable time(1/2-Clock pre-launch) ___ - 0.5
ten - CKICK to output driving tck
output enable time(3/4-Clock pre-launch) - 0.25
Cin(DATA) Data Input Capacitance 1.5 2.5
C\N(CLOCK) | Data Input Capacitance 2 3 pF
Cin(RST) Reset Input Capacitance - 3
9.2 Clock driver Characteristics
Tc=TBD
Vpp = 1.35V(1.28V~1.45V)
Symbol Parameter Conditions & 1.5V(1.425~1.575V) Units | Notes
Min Max
tit (cc) Cycle-to-cycle period jitter 0 40 ps
tsTaB Stabilization time - 6 us
tfdyn Dynamic phase offset -50 50 ps
toksk Clock Output skew 50 ps
tit(per) Yn Clock Period jitter -40 40 ps
ti(hper) Half period jitter -50 50 ps
tosk Qn Output to clock tolerance (Standard 1/2 -Clock | Output Inversion enabled -100 200 os
s Pre-Launch) OUtput Inversion disabled -100 300
Output Inversion enabled -100 200
task1 Output clock tolerance (3/4 Clock Pre-Launch) - - ps
OUtput Inversion disabled -100 300
tdynoff Maximum re-driven dynamic clock off-set -80 80 ps
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DDR3L SDRAM

10. Function Block Diagram:

10.1 2GB, 256Mx72 Module (Populated as 1 rank of x8 DDR3 SDRAMs)

/BAN:0]B

||I}—W~|

-|I}—w—|

||I)—w-|

-|I}—w—|

< < o
< S5 @ o Sa
2ESEEoE 2228 IST 50
7|E|S|S Ol 00 & <L DO OO0 0 Z
rlrlglede g g <@ PERZRIRERS
I Y O | I I |
DQS8 —A~ DQS ZQ DQS4 —A~ DQS 2Q
DQS8 —A—| DQS =5 } DQS4 —AM— DQS =
DM8/DQS17 —\— IDQS  pg z DM4/DQS13 —\— TDQS  pg zZ
DQS17 —A~—{ TDQS <| = DQS13 —A~{ TDQS <
CB[7:0] —AM DQ[7:0] e DQ[39:32] —AM{ DQ[7:0] g
w2<'ﬂxx”§5§ w2<m:<:<'£'<“5§
|on:o|§o|ooo? |on:o|§o|ooo<?
DQS3 —A— DQS ZQ DQS5 —A~ DQS 2Q
DQS3 —A—| DQS = % DQS5 —AM— DQS =
DM3/DQS12 —\ IDAS  p3 z DM5/DQS14 —A— TDQS  pg z
DQS12 —A~{ TDQS <| = DQS14 —A~{ TDQS <
DQ[31:24] —AM DQ[7:0] Q DQ[47:40] —AN DQ[7:0] 2
m|22“—':<:<§5§ m| |2m¥¥§'5§
|onco|§o|ooo? |o§o|§o|ooo‘<?’
DQS2 —A— DQS 2Q DQS6 —A~ DQS 2Q
DQS2 —A—| DQS = } DQS6 —A\— DQS =
DM2/DQS11 —~— TDQS  pa z DM6/DQS15 —\— TDQS  pg Z
DQS11 —A— TDQS <| = DQS15 —A~{ TDQS <
DQ[23:16] —AM DQ[7:0] e DQ[55:48] —AM{ DQ[7:0] 2
w2<'-uxxux“5§ w’ |£'-U:<:<'E'<“5§
|on:o|§o|ooo? |o§o|§o|ooo<?
DQS1 —A— DQS ZQ DQS7 —A~ DQS 2Q
DQS1 —A—| DQS = % DQS7 —A— DQS =
DM1/DQS10 —\— TDQS  pq z DM7/DQS16 —A— IDQS  p7 z
DQS10 —A~{ TDQS <| = DQS16 —AM{ TDQS <
DQ[15:8] =AW DQ[7:0] Q DQ[63:56] —AM| DQ[7:0] Q
m|22u-lxx§'5§ m| |<|-U><><§E§
|onco|§o|ooo? |o§o|§o|ooo‘<?’
[T
Vit ——
paso ——| pas zQ — |
DQS0 —A~ DQS = }
DM0/DQS9 —A— TDAS  po z
DQS9 —A— TDQS g =
DQ[7:0] —AM DQ[7:0] = NOTE :
w2<mxx§53
|onco|§o|ooo?
T T T T T T T 0 A
Vit _’ | diagram.
S0* — RSOA-> CS0 : SDRAMs D[3:0], D8
S1* RSOB-> CS0 : SDRAMs D[7:4]
BA[N:0] ——— — RBAI[N:0]A -> BA[N:0] : SDRAMs DI[3:0], D8
RBA[N:0]B -> BA[N:0] : SDRAMSs D[7:4]
A[N:0] ———™ — RA[N:0]A -> A[N:0] : SDRAMs D[3:0], D8
1:2 RA[N:0]B -> A[N:0] : SDRAMs D[7:4]
RAS ————a~+ R [— RRASA -> RAS : SDRAMs D[3:0], D8
E RRASB -> RAS : SDRAMs D[7:4]
CAS —————— WM~ G |— RCASA->CAS: SDRAMs D[3:0], D8
- | RCASB —>£AS : SDRAMSs D[7:4]
WE ——w»+{ S§ — RWEA-> % : SDRAMs D[3:0], D8
T RWEB -> WE : SDRAMSs DI[7:4]
CKEG———w» E |— RCKEOA -> CKEO : SDRAMs D[3:0], D8
R RCKEOB -> CKEO : SDRAMSs D[7:4]
ODTO ——— W~ — RODTOA -> ODTO : SDRAMs D[3:0], D8
RODTOB -> ODTO : SDRAMSs D[7:4]
CKO — — PCKOA -> CK : SDRAMs D[3:0], D8
. PCKOA -> % : SDRAMs D[7:4]
CKO — — PCKOA -> % : SDRAMs D[3:0], D8
PCKOA -> CK : SDRAMs D[7:4]
PAR_IN —— W~ QERRL— Err_out

RESET™ RST

PST** : SDRAMS D[8:0]

*S[3:2], CKE1, ODT1, CK1 and CK1 are NC
(Unused register inputs ODT1 and CKE1 have a 330 ohm resistor to ground)
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Thermal sensor with SPD

< SDA

SCL—>
EVENT—— EVENT
A0 A1 A2
SA0 SA1 SA2

Vbpspb ﬂ Serial PD

VRercA
VRerFDQ

Vss

I

HH

1. DQ-to-1/0 wiring may be changed within a byte.
2. ZQ resistors are 240 1% For all other resistor values refer to the appropriate wiring

DO - D8

DO - D8

DO - D8

DO - D8
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Registered DIMM DDR3L SDRAM

10.2 4GB,512Mx72 Module (Populated as 2 ranks of x8 DDR3 SDRAMs)

< o
<L = << om = m o
<L _ 00 <L2 <L~ 0nm MmO oM oo~
g 5 S i 5 ge
LY aeL < e ¥h Q2L YL a T ¥h
7|0 Ol0 00 Z L |rn oo o |wn:o§ooooé< |c/> o0 0
RERZ R Za 4 ol ¥ ririrrde x e <@ o fdira
DQS8 —m— DQS DQS DQS4 —~— DQS DQS
DQS8 —Am— DQS =y DQS = DQS4 —Am~—~ DQS 1=y DQS 1=y
DM8/DQS17 —A~~ TDQS  pg Z IDQS  pq7 Z,| DM4/DQS13 —A\~ TDAS  pg z IDQS  pq3 zZ
DQS17 —ar~ TDQS < TDQS < DQS13 —A~~{ TDQS < TDQS <
CB[7:0] —AN DQ[7:0] Q DQ[7:0] Q|  DQ[39:32] —AM DQ[7:0] g DQ[7:0] g
O *02%ussthe| £ H20usstse O] d%ugptte| £ H20ugstss
I o§o|§o| oo<| I |o§o|§o|ooo? I o§o|§o| co<x| I IBElSz 8556 %
= = I | | = = I | |
DQS3 —A— DQS DQsS DQS5 —A~— DQS DQS
DQS3 —am— DQS = DQS = DQS5 —Am— DQS > DQS 1<)
DM3/DQS12 — A~ TDQS D3 4 TDQS D12 Z. | bM5/DQS14 —A~—~ TDQS D5 Z TDQS D14 Z
DQS12 —A~| TDQS < TDQS < DQS14 —A~—{ TDQS < TDQS <
DQ[31:24] —AN DQ[7:0] = DQ[7:0] 2|  DQ47:40] —A{ DQ[7:0] 2 DQ[7:0] 2
£ *b2%ussB2| ] 9%uxssLEe I *H28uesstts| £ B2usstss
I o§o|§o|ooo'<? I orxo|§o|ooo? A |omo|§o|ooo? I o§o|§o|ooo?:
) = 1] ” =1 7]
DQS2 —A~— DQS DQS DQS6 —A~— DQS DQS
DQS2 —Am— DQS = DQS I DQS6 —A*—~ DQS 1=} DQS =
DM2/DQS11 —w\~— TDAS  po z IDAS  pqq Z | DM6/DAS15 —m— TDAS  pg z IDQS  pq5 zZ
DQS11 —a~~ TDQS < TDQS < DQS15 —/m— TDQS < TDQS <
DQ[23:16] =AM DQ[7:0] Q DQ[7:0] Q| DQ[55:48] —AM DQ[7:0] a DQ[7:0] e
ZQ jnw, w2 ZQ |nw, w2 ZQ |njw w2 ZQ jnjn we=
m|§|<|u-' ><|><on. w|< <|'-U x|><:<DE |<o|<|<|'-'-' x|><:<DE <n|<<‘-“:<|:<:<DE
I drlol=soloco<| 1 olrlol= ol oo < A oelol=oloco<| 1 Olrlol=oloo o <
) = 1] ’ =]
DQS1 —~— DQS DQS DQS7 —~— DQS DQS
DQS1 —a~— DQS =y DQS 1=} DQS7 —A~— DQS = DQS 15y
DM1/DQS10 —A~~ TDQS  pq z IDAS  p1o Z,| DM7/DQS16 —\~— TDAS  p7 z IDAS  pye zZ,
DQS10 —Ar~ TDQS < TDQS < DQS16 —A~{ TDQS < TDQS <
DQ[15:8] —AM DQ[7:0] Q DQ[7:0] Q| DQ63:56] —AM DQ[7 0] @ DQ[7:0] g
ZQ 0|0 we2 ZQ 0|0 we2 w2 ZQ |nj0, w2
m|§|<|'-” x|xx0§. m|§|<LU:<|:<:<DE |§|<| |=<=<DE m‘é’<“—':c|:c:coé
A delolzolooo<| I delolsoloo o< Al dsolooo<| I Alzlolsoloo o <
= = I | | = = I | |
DQso —A— Das DQs it W |
DQS0 —m— DQS 1=y DQS >
DM0/DQS9 —A— TDQS DO E. TDQS D9 E
DQS9 —M— TDQS < TDQS g
DQ[7:0] —AM{ DQ[7:0] = DQ[7:0] =
Zc|lw|§|2|m :<|:< g Z % ZQUJ|£ 2||.u ><|>< gs Z So* B — —— RSO0A-> CS0 : SDRAMs D[3:0], D8
i Olrlol=olco o< Al dllolzoloco < o RSOB-> CS0 : SDRAMs D[7:4]
] | ST+ — — RS1A-> CS1: SDRAMs D[12:9], D17
RS1B-> CS1 : SDRAMs D[16:13]
BAN:0] ———— A — —— RBA[N:0]JA -> BAN:0] : SDRAMs D[3:0], D[12:8], D17
Vit —‘ — N | RBA[N:0]B -> BA[N:0] : SDRAMs D[7:4], D[16:13]
AIN:O]  ———A —— RAIN:0JA -> A[N:0] : SDRAMSs DI[3:0], D[12:8], D17
RA[N:0]B -> A[N:0] : SDRAMs D[7:4, D[16:13]]
RAS —— —— RRASA -> RAS : SDRAMs D[3:0], D[12:8], D17
) o RRASB -> RAS : SDRAMSs D[7:4], D[16:13]
Vbpspp —_—t Serial PD Thermal sensor with SPD CAS — [—— RCASA -> CAS : SDRAMs D[3:0], D[12:8], D17
- SscL—] _ 1:2 RCASB -> CAS : SDRAMs D[7:4], D[16:13]
Vop S SR S S DO-D17 === o= [e—SDA WE ———| R [— RWEA ->WE : SDRAMs D[3:0], D[12:8], D17
T T T EVENT EVENTAO A A2 E RWEB -> WE : SDRAMs D[7:4], D[16:13]
Vit CKEO ——w—| G |— RCKEOA -> CKEO : SDRAMs D[3:0], D8
[T 1 1 RCKEOB -> CKEO : SDRAMs D[7:4]
VREFCA DO -D17 SAO SA1 SA2 CKEl ———w—| S | — RCKE1A->CKE1: SDRAMs D[12:9], D17
T RCKE1B -> CKE1 : SDRAMs D[16:13]
VREFDQ + DO - D17 ODT0 —— W — : —— RODTOA -> ODTO : SDRAMSs D[3:0], D8
T RODTOB -> ODTO : SDRAMs D[7:4]
Vss DO - D17 oDT1  ———— —— RODT1A -> ODT1 : SDRAMs D[12:9], D17
RODT1A -> ODT1 : SDRAMs D[16:13]
CKO  — [—— PCKOA -> CK : SDRAMs D[3:0], D8
PCKOB -> CK : SDRAMs D[7:4]
NOTE : —— PCK1A -> CK : SDRAMSs D[12:9], D17
1. DQ-to-I/O wiring may be changed within a byte. PCK1B -> CK : SDRAMs D[16:13]
B - o —
2. Unless otherwise noted, resistor values are 15Q * 5_/o. tko —| | BCKOA -> OK : SDRAMs D[3:0], D8
%lh'_\/’lfno and RS1 alternate between the back and front sides of the PCKOB -> CK : SDRAMs D[7:4]
. —— PCK1A -> CK : SDRAMs D[12:9], D17
4. ZQ resistors are 240Q + 1% . For all other resistor values refer to the PCK1B -> CK : SDRAMs D[16:13]
appropriate wiring diagram. PAR_IN ———a~r—| QERRL— Err out
5. See the wiring diagrams for all resistors associated with the command

, ——a RST
RESET*
address and control bus.
PST** : SDRAMs D[8:0]

*S[3:2], CKE1, ODT1, CK1 and CK1 are NC
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10.3 4GB, 512Mx72 Module (Populated as 1 rank of x4 DDR3 SDRAMs)

VSS —'\/\/—I

VSS —'V\rl

VSS —'\/\/—I

VSS —'V\/—I

< < <S5 @ m 90,5
<mw<§§u.n—52 mmwmggmb—gz
i g a R =N oY yIxx s
mmo‘iooooé< mmo‘iooooé<
rirlrlradld x @ €2 rirlglrald x @ <2
LI L
DQS8 —A~{ DQS 2Q DQS17 —A— DQS 2Q DQS8 —A DQs 2Q DQS17 —A— DQs 2Q
DQS8 —A~—| DQS 5y DQS17 —W— DQS g DQS8 —A~—{ DQS g DQS17 —W~— DQS 5y
vSs —— DM D8 Z| o vSs ——{ DM D17 Z| o vSs ——{ DM D4 Z| o vsSs —— DM D13 Z
CB[3:0] =W DQ[3:0] F ) CB[7:4] —W DQ[3:0] < | o DQ[35:32] —W DQ[3:0] < | © DQ[39:36] —W— DQ[3:0] <
o> o> Q> Q
=5 = = =
a0, uE= |w’wm uE= |w’wm uE= |w’wm uE=
B2 s g5 2 R s g5 2 B2 s 52 SR s 52
| | ‘ | | ‘
DQS3 —A~| DQS 2Q DQS17 —A— DQS 2Q DQS8 —A— DQS 2Q DQS17 —A~—| DQS 2Q
DQS3 —A~—| DQS 5 DQS17 —A\— DQS 5 DQS8 —A~{ DQS 5 DQS17 —A— DQS =z
VSS —— DM D3 Z| o VSS —— DM D12 z| 4 VSS —— DM D5 z| 4 VSS —— DM D14 z
DQ[27:24] —A DQ[3:0] = @ DQI31:28] —W DQ[3:0] = @ DQJ43:40] —W— DQ[3:0] = @ DQM7:44] —W DQ[3:0] =
(2][2] we e [211%) we e [211%) we e [211%) we
w oZ w oZ w oZ w oZ
KRR E: KRR REREREE: Rl 5882
| | ‘ | | ‘
DQS8 —A—| DQS 2Q DQS17 —A{ DQS 2Q DQS8 —A DQS ZQ DQS17 —A—| DQS 2Q
DQS8 —A—| DQS 5 DQS17 —A— DQS 5 DQS8 —A— DQS 5 DQS17 —A— DQS 5
VSS —— DM D2 2| o vss —— M D11 Z| o  VSS— DM D6 2l o vss —— oM D15 £
DQ[19:16] =AM DQ[3:0] = @ DQ[23:20] —N— DQ[3:0] = @ DQ[51:48] =W\ DQ[3:0] = ©  DQ[55:52] —N— DQ[3:0] =
) weg (2]1%) weg ) weg 2]1%) we
w oz w oZ w aZ w oZ
82l 55852 B2 55852 82 55852 B2 55852
| | ‘ | | ‘
DQS8 —A— DQS 2Q DQS17 —A—{ DQS 2Q DQS8 —A—| DQS 2Q DQS17 —A DQS 2Q
DQS8 —A~—| DQS = DQS17 —~— DQS = DQS8 —A~—{ DQS = DQS17 —~— DQS =z
vss —— DM D1 2| o vss —— DM D10 Z| o vSS — gl D7 2| o vss —— DM D16 =
DQ[11:8] =W DQ[3:0] < | o DQ[15:12] —W DQ[3:0] < | & DQ[59:56] —W DQ[3:0] < | ® DQ[63:60] —W DQ[3:0] <
Q| > ol > (N a
5 5 5 5
U)U)Lu LIJEZ |U)|U)Lu LIJEZ |U)|U)Lu LIJEZ |U)|U)Lu LIJEZ
R s 852 BEde s 882 BEldegs882 BEde s 882
| | ‘ | | ‘
DQS8 —a~—{ DQs 2Q ‘% DQS17 —A— DQS 2Q } vt —| —W—
DQS8 —A~—| DQS 5] DQS17 —A— DQS 5
vss —— DM~ pg Z| o V8§ —— DM pg Zl o 50— |— RS0A-> CS0 : SDRAMSs D[3:0], D[12:8], D17
DQ[3:0] =AM~ DQ[3:0] S| 2  Dar4 —W— DA 5|2 RS0B-> TS0 : SDRAMs D[7:4], D[16:13]]
|w|2|2|'—” :<|><§EE. |w|2|2|'—” :<|><§EE.
olrlol=olooo < olrlol=olooo <
T BA[N:0] ———W| — RBA[N:0]A -> BA[N:0] : SDRAMs D[3:0], D[12:8], D17
| ‘ RBA[N:0]B -> BA[N:0] : SDRAMs D{[7:4], D[16:13]
AN:0] ———wW—| — RAIN:0JA -> A[N:0] : SDRAMSs D[3:0], D[12:8], D17
RA[N:0]B -> A[N:0] : SDRAMs D[7:4], D[16:13]
RAS ——wW| — RRASA -> RAS : SDRAMSs D[3:0], D[12:8], D17
Vit —| — M= | - RRASB -> RAS : SDRAMs D[7:4], D[16:13]
CAS ———wW| — RCASA -> CAS : SDRAMSs D[3:0], D[12:8], D17
o 1:2 RCASB -> CAS : SDRAMs D[7:4], D[16:13]
) i WE ——w~| R [— RWEA->WE : SDRAMs D[3:0], D[12:8], D17
L Thermal sensor with SPD Voospo ) Serial PD E RWEB -> WE : SDRAMs D[7:4], D[16:13]
™ T CKEO ——wW—| G | — RCKEOA -> CKEO : SDRAMs D[3:0], D[12:8], D17
ENT—REvER e—SDA Vop —t—t—t—— Do-D17 : )
EVENT EVENTAO a o L L ; RCKEOB -> CKEO : SDRAMs D[7:4], D[16:13]
VT 1 ODT0 ———a— 1 [— RODTOA->ODTO : SDRAMs D[3:0], D[12:8], D17
RODTOB -> ODTO : SDRAMs D[7:4], D[16:13
SAO0 SA1 SA2 VREFCA DO -D17 ; [7:4], D ]
\% DO - D17
REFDQ L CKO — [ PCKOA -> CK : SDRAMs D[3:0], D[12:8], D17
Vss T DO - D17 o PCKOB -> CK : SDRAMs DI[7:4], D[16:13]
CKO — [ PCKOA -> CK : SDRAMs D[3:0], D[12:8], D17
NOTE : PCKOB -> CK : SDRAMs D[7:4], D[16:13]
1. DQ-to-1/0 wiring may be changed within a nibble. 1
2. Unless otherwise noted, resistor values are 15Q +5%. PAR_IN ———w—| QERR— Err_out
3. See the wiring diagrams for all resistors associated with the command, address
g diag

and control bus.
4. ZQ resistors are 240Q + 1% . For all other resistor values refer to the appropriate
wiring diagram.
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RESET* ReT]

PST**: SDRAMs D[17:0]

*S[3:2], CKE1, ODT1, CK1 and CK1 are NC
(Unused register inputs ODT1 and CKE1 have a 330 Q resistor to ground)
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Registered DIMM DDR3L SDRAM

10.4 8GB, 16x72 Module (Populated as 2 ranks of x4 DDR3 SDRAMs)

<< £ << << = <<
LL <SS LR <<= = LL 0S5 ZL2 <<=
< Es T < s =Wk
SEdogssssr 5 Ses T A - 11
RERZRIEER S |22 dlixe RIEEZ RIS |22 Ao
[ 1 [T Ll 11l | L1l
DQS17 —Am~— DQS = DQS = DQS17 —A~~— DQS = DQs =
DQS17 —w—{ DQS z DQS Z DQS17 —w~— DQS z DQsS z
VSS —A— DM < DM < VSS —A~{ DM < DM <
CBI[7:4] —AM DQ[3:0] D17 % DQ[3:0] D35 ':'Si CB[3:0] =W~ DQ[3:0] D5 % DQ[3:0] D26 %
=2 =2 =2 )
|d%%mﬂx§aé |m2ﬂmﬂx§ﬂé |w2ﬂmﬁx§05 |w%2wﬂx§oé
dxlolzoloco < dlol=olcoo < dldl=olcoo < dldlzoloo o<
] | ] |
DQS12 —A~~ DQS = DQs = DQS12 —A~ DQS = DQS =
DQS12 —~— DQS 4 DQSs Z DQS12 —A~— DQS Z DQS Z
VSS —~— DM < DM < VSS —A~—~{ DM < DM <
DQ[31:28] —AM DQ[3:0] D12 % DQ[3:0] D30 % DQ[27:24] —\—| DQ[3:0] D3 % DQ[3:0] D21 %
=2 =2 =2 )
|w’£|£|l-u :<|:<":'<JDE. |w’22|'—“ x|x§oé |w2‘(gmx|xu§oé |w‘<’<”2mx|x§oé
dxlolzoloc o< dlol=olcoo < dldl=olcoo < dxlolzolooo <
] | ] |
DQS11 —M—{ DQS = DQs = DQS11 —M— DQS = DQS =
DQS11 —~— DQS Z DQs Z DQS11 —Am~—~ DQS 4 DQS 4
VSS — A~ DM < DM < VSS —A~—~{ DM < DM <
DQ[23:20] —AM DQ[3:0] D11 % DQ[3:0] D29 % DQ[19:16] =AM DQ[3:0] D2 % DQ[3:0] D20 %
w = (2] w k= )| wke = (2112} we =
WyivxnZ WyivxnZ WyivxnZ ’ Wy Z
REEEEE RERE R R
] | ] |
DQS10 —A—~ DQS = DQS = DQS10 —A~~{ DQS = DQS =
DQS10 —~— DQS Z DQs Z DQS10 —A~— DQS Z DQS 4
VSS —A—{ DM < DM < VSS —A~{ DM < DM <
parrs:12 —w pae) 210 2 pao, 0% 2 part1:8] —w paizo) P! Q pao 019 2
0|®) w2 %) W= %) w2 w2
9] Wyivxn Z, m| |<UJ:<:<:<DE m| | Wy Z m‘ | Wy v Z
|o|§|5|§o|ooo< |o§o|§o|ooo< |o§5|§o|ooo< IBIZISI= 81556 %
] | ] |
DQS0 —A— DQS = DQs = DQS0 —A~ DQS = DQS =
DQS0 —A~—~ DQS z DQS Z DQS0 —A~~ DQS Z DQS z
VSS —A— DM < DM < VSS —A—{ DM < DM <
DQ[3:0] —~AM DQ[3:0] 20 % DQ[3:0] ik % DQ[7:4] =AM DQ[3:0] 2k % DQ[3:0] 27 g
|m|g|2|'-u s vz 2 4 |m|g|(g|u-' 8% Z Z
Olxlol=2 Ol © ol < Olelol2 Olo ol <

oDT
AN
CS_
RAS
A
L_{we
CK
CK
CKE
obT
CKE
oDT
AN
CS_
RAS
AS
L_{WE
CK
CK
CKE
obT
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DDR3L SDRAM

00 an3Snd -1 00 noZ3ed 0ol
plone S8 TESS @ @A - a2 8EE s> o s
9e0isss82z 5 Ses e N S - 11
mmmmmmmmTE |m gl ¥ mmmmmmmmf@ |m fli ¥
L1111 | [T L1111l | L1l
DQS14 —Am— DQS IS DQS = DQS13 —A~— DQS = DQs >
DQS14 —A~— DQS 4 DQS Z DQS13 —A~— DQS 4 DQS 4
VSS —Am— DM < DM < VSS — A~ DM < DM <
CB[47:44] —AM DQ[3:0] ik % DQ[3:0] D32 % CB[39:36] —AM DQ[3:0] e % DQ[3:0] D3 "si
w‘§’<|mx:<§'52 W QQu v $HZ w|£|<'-”:<:<"':é'52 w‘?"%wxx&}ié
|o o§o|ooo< |on:o§o|ooo< omo§o|ooo< omo§o|ooo<
] | ] |
DQS4 —A— DQS = DQS = DQS5 —A~— DQS = DQsS =
DQS4 —A~{ DQS Z DQS z DQS5 —A~ DQS z DQS 2
VSS —~— DM < DM < VSS —Am— DM < DM <
DQ[35:32] —AM{ DQ[3:0] D4 % DQ[3:0] D22 % DQ[43:40] —AN DQ[3:0] DS % DQ[3:0] D23 ”si
w‘§’<|mx:<§'52 mg%wxx'i'é'ﬁé w|£|2|'—”:<:<”:é'5£ N YQu i L6 Z
|o o§o|ooo< |on:o§o|ooo< omo§o| 0oo< |onco§o|ooo<
] | ] |
DQS16 —A~ DQS > DQsS = DQS15 —Am— DQS = DQsS =
DQS16 —A~—~ DQS 4 DQS z DQS15 —A~— DQS 4 DQS 4
VSS —Am— DM < DM < VSS — A~ DM < DM <
DQ[63:60] —AM{ DQ[3:0] D16 % DQ[3:0] D34 % DQ[55:52] —AN{ DQ[3:0] D15 % DQ[3:0] D33 ”si
w‘é’%'—“zz&'ﬁé w’£’2|mxx§'52 |§|<| v Y RZ w‘?’%“—'xx%'ﬁé
|o o§o|ooo< |o o§o|ooo< |ooo< omo§o|ooo<
I | ] |
DQS10 —A— DQS = DQsS = DQS6 —A~— DQS = DQs =
DQS10 —A~—~ DQS 4 DQS z DQS6 —Am— DQS 4 DQS 4
VSS —Am— DM < DM < VSS — A~ DM < DM <
DQ[59:56] —AM{ DQ[3:0] D7 % DQ[3:0] D25 g DQ[51:48] —AN—{ DQ[3:0] D6 % DQ[3:0] D24 ”si
m|"’|2|m¥¥§'55 w’w|2|“1:<x§'52 w|m|£|'-”x:<'£'é'5£ w?’?“—'xx%gé
|BIEISI= 81556 % Bz 8556 % [BIESIZ S5 S5 5% 18ISz 81556 %
] | ] |
vt —| —— vt —] ——
Option 1 I Option 2 I Option 3
Serial PD Integrated Thermal sensor in SPD I Serial PD
scL—] scL—] | SCL—>
~—*>SDA EVENT— EVENT <— SDA <— SDA
WP A0 A1 A2 A0 A1 A2 | WP A0 A1 A2
J_— SA0 SA1 SA2 SAO0 SA1 SA2 | J_~ SAO SA1 SA2
1

Thermal sensor

SCL—™
EVENT—— EVENT ~<—> SDA
A0 A1 A2
SAO0 SA1 SA2

Serial PD w/ stand alone Thermal sensor

NOTE:

Serial PD w/ integrated Thermal sensor

Vbpspp E— G Serial PD

Voo

T T T

IR S S S B

Vrr

DO - D35

VRercA

DO - D35

VRerpa

HH

Vss

1. DQ-to-1/0 wiring may be changed within a nibble.

2. See wiring diagrams for resistor values.

DO - D35

3. ZQ pins of each SDRAM are connected to individual RZQ resistors (240 +/-1%)ohms...

SAMSUNG ELECTRONICS

-15-

Serial PD, no Thermal sensor

50—+

§ AN
BA[N:0] ———W—|
AIN:0]
RAS
CAS
WE
CKEO
CKE1
oDTo
oDT1

CKO

CKo

CcKo
CKo.
PAR_IN

11200)]
+3%

RESET

RS

RST

IAM-H0—-—0m=a

RSOA -> CS0 : SDRAMs D[3:0], D[12:0], D17

RSOB -> CS0 : SDRAMs D[7:4], D[16:13]

RS1A -> CS1 : SDRAMs D[21:18], D[30:26], D35

RS1B -> CS1 : SDRAMs D[25:22], D[34:31]

RBA[N:0JA -> BA[N:0]: SDRAMs D[3:0], D[12:8], D[21:17], D[30:26], D35
RBA[N:0]B -> BA[N:0]: SDRAMs D[7:4], D[16:13], D[25:22], D[34:31]
RAIN:0JA -> AIN:0]: SDRAMs D([3:0], D[12:8], D[21:17], D[30:26], D35
RAIN:0JB -> AIN:0]: SDRAMs D[7:4], D[16:13], D[25:22], D[34:31]
RRASA -> RAS: SDRAMSs D[3:0], D[12:8], D[21:17], D[30:26], D35
RRASB -> RAS: SDRAMs D[7:4], D[16:13], D[25:22], D[34:31]
RCASA -> CAS: SDRAMs D[4:0], D8, D[13:9], D[22:18], D[31:27]
RCASB -> CAS: SDRAMs D[8:5], D[17:14], D[26:23], D[35:32]
RWEA -> WE: SDRAMs D[4:0], D8, D[13:9], D[22:18], D[31:27]
RWEB -> WE: SDRAMs D[8:5], D[17:14], D[26:23], D[35:32]
RCKEOA -> CKEO: SDRAMs D[3:0], D[12:8], D17

RCKEOB -> CKEO: SDRAMs D[7:4], D[16:13]

RCKE1A -> CKE1: SDRAMs D[21:18], D[30:26], D35

RCKE1B -> CKE1: SDRAMs D[25:22], D[34:31]

RODTOA -> ODTO: SDRAMs D[3:0], D[12:8], D17

RODTOB -> ODTO: SDRAMs D[7:4], D[16:13]

RODT1A -> ODT1: SDRAMs D[21:18], D[30:26], D35

RODT1B -> ODT1: SDRAMs D[25:22], D[34:31]

PCKOA -> CK: SDRAMs D([3:0], D[12:8], D17

PCKOB -> CK: SDRAMs D{[7:4], D[16:13]

PCK1A -> CK: SDRAMs D[21:18], D[30:26], D35
PCK1B -> CK: SDRAMs D[25:22], D[34:31]

PCKOA -> CK: SDRAMSs D[3:0], D[12:8], D17
PCKOB -> CK: SDRAMS D[7:4], D[16:13]

|__ PCK1A ->CK: SDRAMSs D[21:18), D[30:26], D35
PCK1B -> CK: SDRAMs D[25:22], D[34:31]

— ERR_OUT

I~ RST : SDRAMs D[35:0]



Registered DIMM
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DDR3L SDRAM

10.5 8GB, 16x72 Module (Populated as 4 ranks of x8 DDR3 SDRAMs)

o o ~ o ~
o E ] o = )
58858 pofgds  psgce  @mspes
BRI =z oalxd 5 BRI == BEIR =S
[ | [ ]| L1 L] ] [ [ 1 [ ] ]
X X = X |X = XX [ » XX W -
5aSO 80|o%8 8‘)'0%8 |80|o::'<;8 oo|058
—~— DQS DQS DQS DQs
DQS0 —A~~— DQS DQS DQS DQS
uo U9 u18 u27
DQ[7:0] =AM DQ[7:0] DQ[7:0] DQI7:0] DQ[7:0]
ZQ Z2Q ZQ ZQ
. e B A
SRR [(2ikic| DB [CcE UG
DQS1 —A~ DQS © o DQS © 0 DQS © 0o DQS © 0 50 ——w] |— RSo->CS0: SDRAMs D[8:0]
POS1 PO oS POoS POoc S ———W — RS1->CS1: SDRAMs D[17:9]
DQST —A— DQs Ut Das 10 Das 1o DQs u28 STl RIS Sty
8] =AM ’ ’ . ’ S | RS3->CTS3: SDRAMs D[35:27]
DQ[15:8] DOIZD] DAzl DA DI/ WBA[N:0] -> BA[N:0]: SDRAMs D[4:0], D8, D[13:9], D[22:18], D[31:27]
ZQ ZQ Z2Q ZQ 0] ———A—| -
{ BAIN:0] EBAIN:0] -> BA[N:0]: SDRAMSs D[8:5], D[17:14], D[26:23], D[35:32]
L [ T T 11 [ T T 11 [ T T 1] [ T T 11 | WAN:0] > AIN:0]: SDRAMs D[4:0], D8, D[13:9], D[22:18], D[31:27]
a5 Y s 85 Y5 2% |§ W 25 Y s AIN:0] v EA[N:0] -> AN:0]: SDRAMs D[8:5], D[17:14], D[26:23], D[35:32]
S o S o 5o S o = | WRAS -> RAS: SDRAMs D[4:0], D8, D[13:9], D[22:18], D[31:27]
ggzz —W—{ DQS DQS ggg Dg: RAS  ———wWH ERAS -> RAS: SDRAMs D[8:5), D[17:14], D[26:23], D[35:32]
—wW— DQS DQSs D — WCAS -> CAS: SDRAMs D[4:0], D8, D[13:9], D[22:18], D[31:27]
i DQ[7:0 vz DQ[7:0 u11 DQ[7:0 u20 DQ[7:0 u29 CAS | ECAS -> CAS: SDRAMs D[8:5], D[17:14], D[26:23], D[35:32]
DQ[23:16] =W 7740} [7:0] [7:0] (0] — 1:2 WWE -> WE: SDRAMSs D[4:0], D8, D[13:9], D[22:18], D[31:27]
ZQ ZQ Z2Q ZQ WE ——w| — == o
{ EEEE T EEEE EEEE 2 EWE -> WE: SDRAMSs D[8:5], D[17:14], D[26:23], D[35:32]
| WCKEO -> CKEO: SDRAMSs D[4:0], D[22:18]
[ BsEYR| [ BskYs| [BEREYE| [ BssYs| .. B I
-> : IS 9], .
DQS3 —A~ DQS © o DQS © o DQS © o DQS © o CKE ? | ECKE1 -> CKE1: SDRAMs D[17:14], D[35:32]
DosS3 5OS e 508 DOS WODTO -> ODT0: SDRAMs D[4:0]
DQS3 —A~— DQS o DQS TR DQS o DQS U30 ODT0 ———wW— : [ EODTO-> ODTO: SDRAMs D[8:5]
. ’ g ; ; WODT1 -> ODT1: SDRAMs D[22:18]
DQ[31:24] —W| 38[7-0] 58[7-0] 28[7-0] 98[7'0] ODT1 ——wW~ [~ EODT1-> ODT1: SDRAMSs D[26:23]
{ PCKO0 -> CK: SDRAMs D[4:0], D[13:9]
T [ T T 11 [ TTT1 [ T T 1] [ T T 11 o PCK1 -> CK: SDRAMs D[8:5], D[26:23]
= — PCK2 -> CK: SDRAMSs D[22:18], D[31:27]
B56EE B85I5YE B55Y 5 BSIS LS PCK3 -> CK: SDRAMs D[17:14], D[35:32]
DQS8 —A DQS © o DQS [ElNe) DQS [Eiye} DQS oo PCKO -> CK: SDRAMs D[4:0], D[13:9]
i A > PCK1 -> CK: SDRAMs D[8:5], D[26:23]
DQS8 —am~— DQS DQS DQS DQS ) [— PCK2 ->CK: SDRAMs D[22:18], D[31:27]
u4 u13 u22 U3t PCK3 -> CK: SDRAMs D[17:14], D[35:32]
CB[7:0] —AM 38[710] 58[720] 28[710] 58[710]
{ PAR_IN ———~—| QERI Er_out
—_ RST
P P P =
RST : SDRAMs D[35:0]
vt —] |
o o - o « - Thermal sensor with SPD
[ = - = i -
35553 @offse  pEEss  #5Bi8 s e e son
|oan_u.||.u ool w> |(_)D_£\_LIJLLI |O£\_D_LLI> EVENT— EVENT
[ | [ ]| L1 L] ] [ 1111 [ 1 [ ] ] A0 A1 A2
555 Yh 858 Y5 556 YE 5515 Y R L
DQS4 —a— DQS 9 e DQS ®e DQS ©© DQS ©® SAD SAT SA2
DQS4 —A— DQS DQS DQS DQS i
Q us Q u14 u23 U2 Vopspp  —————————¢—— Serial PD
DQ[39:32] =AM DQ[7:0] DQ[7:0] DQ[7:0] DQ[7:0] -
{ zQ zQ zQ zQ Voo —4—t—t—— D0-D3
£ [ 1 []] [T [T [ 1 [ [ [ [ [ [] Vir T T T
0N XX W - N XX W - N XX W E 2 xXKus
BSIE¥ha B5I5Y¥E oo|o:<o O Olo ¥ a
DQS5 —am— DQS 9@ DQS ®e DQS ©@© DQS © @ VREFCA DO - D35
DQS5 —m— DQS DQS DQS DQS
ue u1s u24 U33 VRerpa 1 DO - D35
DQ[47:40] —AN DQ[7:0] DQ[7:0] DQ7:0] DQ[7:0]
{ zQ 2Q zQ ZQ Vgs 1 DO - D35
- 0N XX W - N XX W - N XX W E 2 xXKYs
BSIE¥ha B5I5Y¥E oo|oxo O Olo ¥ a
DQS6 —a~— DQS 9 e DQs ®©e DQs © @ DQS © O| NOTE:
DQS6 DQS DQS DQS DQS 1. DQ-to-1/0 wiring may be changed within a nibble.
—w— DQ Q g may Ang
) DQI7-0 u7 DQI7:0 u1e DQI7-0 u2s DA7:0 us4 2. Unless otherwise noted, resistor values are 15Q + 5%.
DQ[55:48] —W 2 [7:0] 2 [7:0] 3. See the wiring diagrams for all resistors associated with the com-
zQ zQ zQ zQ g diag
{ [T 111 [T T 11 [T 111 [T 111 mand, address and control bus.
= 4. ZQ resistors are 240Q + 1% . For all other resistor values refer to
2 xKYs BEE YR aXKYs aXE Y s f - -
O Olo ¥a O Oolo¥a ©olo xg O olox o the appropriate wiring diagram.
DQS3 —a— DQS @@ DQs ®© e DQs © DQS 9 ©
DQS3 —A~— DQS DQSs DQS DQS
us u17 uU26 u3s
DQ[31:24] =AW DQ[7:0] 58[7:0] 28[7:0] 38[7:0]
=
vt — |
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DDR3L SDRAM

Registered DIMM

10.6 16GB, 26x72 Module (Populated as 4 ranks of x4 DDR3 SDRAMs)

[o:NIva/lo:NIvY
1ao
EN)

[o:NIva/lo:NIY
lao
Mo

[o:NIva/o:NIvY [o:NIva/o:NIvy
aan — 1ao lao
V13INOoHg — o o
3 pile] © X0
MO ] < M
8 amf— 8 am
—SYO ] _Svo
Sl g Ssw
— 0nn _ < N _
vesHd QQ_QMQ e QQ_QMQ e
(Ns|[sYa)a] (Njs|[sYa)a]
[} ]
2 2
vio:NIvaye/
vio:Nlvyg - [oiNivelloNly [o:NIva/ioNly
vilaoydd — 1ao 1ao
V03NOHE | ENe] ENG]
voMOde —| o M0 ~ X
VOXOdg — < M0 < MO
vamyg — Q g Q
VSvodd — _svo )
vSvddd — Ssvd Osvy
— 0w _ = N _
vesHs QQ_QMQ 80 QQ_QMQ £
[Mallafaya) Mallafaya)
] [}
[} [%2]
> >
[o:NIva/lo:NlY [o:NIva/lo:Nlv
aan — 1ao 1ao
VIINOHY — ENe) ENo]
pile] pile)
0 MO © pio)
0 amf— 0 am
_SYO ] __Svo
Ssvd Sswd
— [2](%2] = [2][%) =2
visdy QQ;QMQ 53 QQ_QMQ 59
[Nj=a|[a)a)a] [Nj=a][a)a)a]
1] [}
[ [
> >
vio:NIvadv/
vI0:NIveY = [o:NIva/o:NIY [o:NIve/lo:NIv
V01AO¥V — 1ao Lao
VOINOHY — O MO
VOMOdY — pi) pile)
VYOMOdV — [~ 3 e} N~ MO
vamay —| 0 am Q am
VSVOdY — _Sv0 _Svo
VSVHHV —| Sswd Ssw
— nu _ < N _
V0SHY QQ_QMQ & QQ_QMQ =8
[Mallafapa) Mallafaya)
NN NOONT
[2](%2] - n|n
4 Q_Q o, 4 Q_Q g
[ll= N ] aa” &
g
[=]

18]

VSS ——DM
DQ[19:16] — A~ DQ[3:

VSS —M—ZQ
DQS2 —m—DQS

DQS2 —A~—DQS

[o:NIve/lo:NIvY [o:NIve/[o:NIV
1ao 1ao
ENG) ENG)
o X o X2
I 3 o [P 0]
8 awm— 0 am
_SYO [ )
S S'svy
0w _Dg 0w _ D gy
gQ|g=g = gQ|g=g =
NAbaoa NAoaoa
(7] 7]
2] )
> >
[o:NIve/lo:Nlv [o:NIve/lo:NIv
100 1ao
ENG) ENG)
- X m X2
) [ BY0)
O am O am
SY0 )
IS S'svy
0w _ D gy 0w _2g
gglgsag == gglosag =
NAabaa NAbaa
2] ]
7] 7]
> >
[o:NIva/lo:NIv [o:NIva/o:NIvy
1ao 1ao
ENG) ENG)
A0 pie]
N O[T o
8 awm— 0 awm
_SYO[ )
Q8w ] Qswy
[2](%2] = [2](%2] =
QQTMQ% QQ;QMQ%
NAaldaa NAlbaa
1) ]
2] [
> >
[o:NIve/lo:NIvY [o:NIvea/[o:NIV
1ao 1ao
ENG) ENG)
A0 pie]
© = 0
8 am 0 am
_Svo )
Osvd Sswd
0| _ D, 0|0 _ O g5
QQ_QMQ% QQ_QMQ%
NAbaoa NAfaa
D~ NG NOONZ
DRR D2 DDDD Z
> Q_Q > > Q_Q > Q.
an” % aa~ g
g a

Vit —|
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DDR3L SDRAM

Registered DIMM

[o:NIve/lo:Nlv
1ao
EN)
0
MO

D64

DQS

DQS

DM

DQY
|

VSS —~—ZQ

[o:NIve/lo:NIY
lao
Eble]

D65

S

)

S

3:0

i}
Y6}
am
%)
v

B
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DM
DQ|

VSS —w—ZQ

[o:NIva/lo:NIvY
1ao

ENG]

M0

MR
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SvO

[o:NIva/o:NIvY
aan — 100
WENEERE 30
o X
© MO
0 am
. Sv0
Ssvd
— N _
vesyg QQ_QMQ =
N Ol Ao
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. >
vio:NIvaya/
vilo:Nlveg —{ [o:NIvelioNIv
vilaoyd — 100
V0INOHE — 30
voMOda — o W
voMOda — 8 o
vamyg — (=
vSvoud — _sw
vSvayg Ssvd
— N _
vesH g Q_Q =g 2
NOonooo
[}
[%2]
>
[o:NIva/lo:Nlv
aan — 1ao
V1IN0V —| ENE)
© X
N MO
0 am
_Sv0
Osvd
— [2][%2) =2
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NOloQO
[}
[2
>
vio:NIvayv/
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VIMYY am
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MO
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_S¥O
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2780
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DDR3L SDRAM

Registered DIMM

[o:NIve/lo:Nlv
1ao
EN)
0
MO

D40

DQS

DQS

DM

DQY
|

VSS —~—ZQ

[o:NIve/lo:NIY
lao
Eble]

D41

S'
)

S

3:0
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Serial PD Integrated Thermal sensor with SPD Serial PD
SCL—>
scL—= =" SDA EVENT_n—— EVENT_n < SbA scL—>] [~ SDA
WP A0 A1 A2 A0 A1 A2 WP A0 A1 A2
J—_ SA0 SA1 SA2 SAO0 SA1 SA2 —l— SAO0 SA1 SA2

Thermal sensor with SPD

scL—+]
EVENT n EVENT n “—* SDA
A0 A1 A2
SAO SA1 SA2

Serial PD w/integrated Thermal Sensor

Note :

1. DQ-to-I/O wiring may be changed within a nibble.

2. Unless otherwise noted, resistor values are 15Q2 + 5%.
3. See the wiring diagrams for all resistors associated with the command, address and control bus.

4. ZQ resistors are 240Q2 = 1%. For all other resistor values refer to the appropriate wiring diagram.
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S0——— A

BAN:0]———
AN:0j———A—|
RAS———
CAS———
WE———

CKEQO———A—
CKE1——A—
ODTO———A—

CKO_t

1200

&0_0

CK1
— %um
CK1

PAR_IN——A—

-
N

> AmMm-H0w—-—0m=a

— ARSOA-> CS1 : SDRAMs D1, D3, D5, D7, D9
_ D19, D21, D23, D25, D27
ARSO0B-> CS1: SDRAMs D11, D13, D15, D17
D29, D31, D33, D35
— ARS1A-> CS0 : SDRAMs DO, D2, D4, D6, D8
_ D18, D20, D22, D24, D26
ARS1B-> CS0 : SDRAMs D10, D12, D14, D16
D28, D30, D32, D34
— ARBA[N:0]JA -> BA[N:0] : SDRAMs D[9:0], D[27:18]
ARBAI[N:0]B -> BA[N:0] : SDRAMs D[17:10], D[35:28]
— ARA[N:0]JA -> A[N:0] : SDRAMs D[9:0], D[27:18]
ARA[N:0]B -> A[N:0] : SDRAMs D[17:10], D[35:28]
— ARRASA -> RAS : SDRAMs D[9:0], D[27:18]
ARRASB -> RAS : SDRAMSs D[17:10], D[35:28]
[— ARCASA -> CAS : SDRAMs D[9:0], D[27:18]
ARCASB -> CAS : SDRAMSs D[17:10], D[35:28]
— ARWEA -> WE : SDRAMs D[9:0], D[27:18]
ARWEB -> WE : SDRAMs D[17:10], D[35:28]
— ARCKEOA -> CKE1 : SDRAMs D1, D3, D5, D7, D9
D19, D21, D23, D25, D27
ARCKEOB -> CKE1 : SDRAMs D11, D13, D15, D17
D29, D31, D33, D35
— ARCKE1A -> CKEO : SDRAMs DO, D2, D4, D6, D8
D18, D20, D22, D24, D26
ARCKE1B -> CKEO : SDRAMs D10, D12, D14, D16
D28, D30, D32, D34
— ARODTOA -> ODT1 : SDRAMs D1, D3, D5, D7, D9
D19, D21, D23, D25
ARODTOB -> ODT1 : SDRAMs D11, D13, D15, D17
D29, D31, D33, D35
— APCKOA -> CK : SDRAMs D[9:0]
APCKOB -> CK : SDRAMSs D[17:10]
— APCK1A -> CK : SDRAMs D[27:18]
APCK1B -> CK : SDRAMs D[35:28]

— APCKOA -> CK : SDRAMs D[9:0]
APCKOB -> CK : SDRAMs D[17:10]

— APCK1A -> CK : SDRAMs D[27:18]
APCK1B -> CK : SDRAMs D[35:28]

— Err_out

RESET I: RSTn
PST : SDRAMs D[71:0]
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S2———

S3———

BA[N:0]—— ]
AN:0]——— A
RAS——
CAS———

WE———

CKEO———w—

CKE1——w

ODT1———A—

CKO_t

1200

ﬁo_c

PAR_IN—— A~
RESET —

-

W AmMHO-OmMIY

RST n

BRS2A-> CS1 : SDRAMs D45, D47, D49, D51, D53
_ D63, D65, D67, D69, D71
BRS2B-> CS1 : SDRAMs D37, D39, D41, D43

D55, D57, D59, D61
BRS3A-> CS0 : SDRAMs D44, D46, D48, D50, D52
_ D62, D64, D66, D68, D70
BRS3B-> CS0 : SDRAMs D36, D38, D40, D42

D54, D56, D58, D60
BRBA[N:0JA -> BA[N:0] : SDRAMs D[53:44], D[71:62]
BRBA[N:0]B -> BA[N:0] : SDRAMs D[43:36], D[61:54]
BRA[N:0JA -> A[N:0] : SDRAMs D[53:44], D[71:62]
BRA[N:0]B -> A[N:0] : SDRAMSs D[43:36], D[61:54]

BRRASA -> RAS : SDRAMs D[53:44], D[71:62]
BRRASB -> RAS : SDRAMs D[43:36], D[61:54]
BRCASA -> CAS : SDRAMs D[53:44], D[71:62]
BRCASB -> CAS : SDRAMs D[43:36], D[61:54]
BRWEA -> WE : SDRAMs D[53:44], D[71:62]
BRWEB -> WE : SDRAMs D[43:36], D[61:54]
BRCKEOA -> CKE1 : SDRAMs D45, D47, D49, D51, D53
D63, D65, D67, D69, D71
: SDRAMs D37, D39, D41, D43
D55, D57, D59, D61
BRCKE1A -> CKEO : SDRAMs D44, D46, D48, D50, D52
D62, D64, D66, D68, D70
BRCKE1B -> CKEO : SDRAMs D36, D38, D40, D42
D54, D56, D58, D60
SDRAMs D45, D47, D49, D51, D53
D63, D65, D67, D69, D71
SDRAMs D37, D39, D41, D43
D55, D57, D59, D61
BPCKOA -> CK : SDRAMs D[53:44]
BPCKOB -> CK : SDRAMs D[43:36]
BPCK1A -> CK : SDRAMs D[71:62]
BPCK1B -> CK : SDRAMs D[61:54]

BPCKOA -> CK : SDRAMs D[53:44]
: SDRAMs D[43:36]
BPCK1A -> CK : SDRAMs D[71:62]

BPCK1B -> CK : SDRAMs D[61:54]

BRCKEOB -> CKE1

BRODT1A -> ODT1 :

BRODT1B -> ODT1 :

Err_out
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11. Absolute Maximum Ratings

11.1 Absolute Maximum DC Ratings

Symbol Parameter Rating Units NOTE
Vbp Voltage on Vpp pin relative to Vgg -04V~1975V \ 1,3
Vbba Voltage on Vppq pin relative to Vgg -04V~1975V \% 1,3
VN, VouT Voltage on any pin relative to Vgg -04V~1975V \ 1
Tsta Storage Temperature -55 to +100 °C 1,2
NOTE :

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

2. Storage Temperature is the case surface temperature on the center/top side of the DRAM. For the measurement conditions, please refer to JESD51-2 standard.

3. Vpp and Vppq must be within 300mV of each other at all times;and Vg must be not greater than 0.6 x Vppq, When Vpp and Vppq are less than 500mV; Vg may be

equal to or less than 300mV.

11.2 DRAM Component Operating Temperature Range
Symbol Parameter rating Unit NOTE

TopErR Operating Temperature Range 0to 95 °C 1,2,3

NOTE :
1. Operating Temperature Topgr is the case surface temperature on the center/top side of the DRAM. For measurement conditions, please refer to the JEDEC document
JESD51-2.
2. The Normal Temperature Range specifies the temperatures where all DRAM specifications will be supported. During operation, the DRAM case temperature must be main-
tained between 0-85°C under all operating conditions
3. Some applications require operation of the Extended Temperature Range between 85°C and 95°C case temperature. Full specifications are guaranteed in this range, but the
following additional conditions apply:
a) Refresh commands must be doubled in frequency, therefore reducing the refresh interval tREFI to 3.9us. It is also possible to specify a component with 1X refresh (tREFI
to 7.8us) in the Extended Temperature Range.
b) If Self-Refresh operation is required in the Extended Temperature Range, then it is mandatory to either use the Manual Self-Refresh mode with Extended Temperature
Range capability (MR2 A6 = Ob and MR2 A7 = 1b) or enable the optional Auto Self-Refresh mode (MR2 A6 = 1b and MR2 A7 = Ob)

12.AC & DC Operating Conditions

12.1 Recommended DC Operating Conditions (SSTL-15)

Symbol Parameter Operation Voltage Rating Units NOTE
Min. Typ. Max.

Vop Supply Voltage 1.35vV 1.2825 1.35 1.4500 \% 1,2,3

1.5V 1.425 1.5 1.575 \% 1,2,3

Vooa Supply Voltage for Output 1.35V 1.2825 1.35 1.4500 \% 1,2,3

1.5V 1.425 1.5 1.575 \% 1,2,3

NOTE:

1. Under all conditions Vppq must be less than or equal to Vpp.

2. Vppq tracks with Vpp. AC parameters are measured with Vpp and Vppq tied together.
3. Vpp & Vppq rating are determinied by operation voltage.

SAMSUNG ELECTRONICS -15-
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13.AC & DC Input Measurement Levels

13.1 AC & DC Logic Input Levels for Single-ended Signals

[ Table 2 ] Single Ended AC and DC input levels for Command and Address

DDR3-800/1066

DDR3-1333/1600

Symbol Parameter = ‘ e 0 o Unit | NOTE
1.35V
Vin.ca(DC) | DC input logic high VRer + 90 Vpp VRerg + 90 Vbp mV 1
ViLca(DC) |DC input logic low Vss VRer - 90 Vss VReE - 90 mv 1
ViH.ca(AC)  |AC input logic high VRer + 160 - VRer + 160 - mV 1,2
ViLca(AC)  |AC input logic low - VRer - 160 - VReE - 160 mV 1,2
ViH.ca(AC135) |AC input logic high - - VRegt135 - mV 1,2
ViLca(AC135) |AC input logic lowM - - - VRer-135 mv | 12
Vrerca(DC) E‘;;grie::i:"”age for ADD, 0.49*Vpp 0.51"Vpp 0.49*Vpp 0.51*Vpp vV | 34
1.5V
Vin.ca(DC) |DC input logic high VRgr + 100 Vbp VRer + 100 Vbp mvV 1
ViLca(DC) | DC input logic low Vss VRer - 100 Vss VRer - 100 mv 1
Vin.ca(AC)  |AC input logic high VRrer + 175 - VReg + 175 - mvV 1,2
ViLca(AC)  |AC input logic low - VRer - 175 - VRer - 175 mV 1,2
ViH.ca(AC150) |AC input logic high - - VRept+150 - mV 1,2
ViL.ca(AC150) |AC input logic lowM - - - VRrer-150 mV 1,2
Veerca(DC) E;fgrf::;;m”age for ADD, 0.49*Vpp 0.51*Vpp 0.49"Vpp 0.51"Vpp v | 34
NOTE : L
1. For input only pins except RESET, Vger = VRerca(DC)
2. See "Overshoot and Undershoot specifications" section.
3. The AC peak noise on Vggr may not allow Vger to deviate from Vyge(DC) by more than + 1% Vpp (for reference : approx. + 15mV)
4. For reference : approx. Vpp/2 + 15mV
[ Table 3 ] Single Ended AC and DC input levels for DQ and DM
Symbol S DDR3-800/1066 DDR3-1333/1600 e
Min. Max. Min. Max.
1.35V
Vinpa(DC)  |DC input logic high VRer + 90 Vop VRer + 90 Vbp mV 1
ViLpa(DC) |DC input logic low Vss VRer - 90 Vss VRer - 90 mV 1
Vin.pq(AC)  |AC input logic high VRer + 160 Note 2 VRee + 135 Note 2 mv | 125
ViLpa(AC) |AC input logic low Note 2 VRer - 160 Note 2 VRer - 135 mv | 1,25
ViH.0q(AC135) | AC input logic high VRer + 135 Note 2 - j mv | 125
V|L.pa(AC135) |AC input logic low Note 2 VRger - 135 - - mvV | 1,25
Vrerpa(DC) S‘:Af‘f;ir::: Voltage for DQ, 0.49Vpp 0.51"Vpp 0.49Vpp 0.51"Vpp v | 34
1.5V
ViH.oa(BC) | DC input logic high Vrer + 100 Vop VRer *+ 100 Vop mV 1
ViLpa(DC)  |DC input logic low Vss VRer - 100 Vss Vagr - 100 Y p
Vin.pa(AC)  |AC input logic high VRer + 175 - VRer + 150 B mv | 125
ViLpa(AC) |AC input logic low - VRer - 175 - VRer - 150 mV | 1,25
Vrerpa(DC) |1/O Reference Voltage(DQ) 0.49*Vpp 0.51*Vpp 0.49*Vpp 0.51*Vpp \% 34
SAMSUNG ELECTRONICS 16-
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NOTE :

1. For input only pins except RESET, Vger = Vrerpq(DPC)

2. See "Overshoot and Undershoot specifications" section.

3. The AC peak noise on Vger may not allow Vger to deviate from Vgee(DC) by more than + 1% Vpp (for reference : approx. £ 15mV)

4. For reference : approx. Vpp/2 £ 15mV

5. Single ended swing requirement for DQS - DQS is 350mV (peak to peak). Differential swing requirement for DQS - DQS is 700mV (peak to peak).

13.2 Vggr Tolerances

The dc-tolerance limits and ac-noise limits for the reference voltages Vrgrca and Vreppq are illustrate in Figure 1. It shows a valid reference voltage
Vger(t) as a function of time. (Vrgr stands for Vgggpca @and Vieppq likewise).

Vrer(DC) is the linear average of Vygg(t) over a very long period of time (e.g. 1 sec). This average has to meet the min/max requirements of Vggp. Fur-
thermore Vggg(t) may temporarily deviate from Vrgp(DC) by no more than = 1% Vpp.

A voltage

VRef @c-noise

_ * 2\ N ~ - V
VRef(DC)=% = g = £ V- py 4 7257 VRef(DC)max
I el Vaivetn VA V.4 At dal e,

VRef(DC)min

Figure 1. lllustration of VREF(DC) tolerance and VREF ac-noise limits

The voltage levels for setup and hold time measurements V,4(AC), V\y(DC), V, (AC) and V, (DC) are dependent on Vggf.
"VReg" shall be understood as Vrep(DC), as defined in Figure 1.

This clarifies, that dc-variations of Vggf affect the absolute voltage a signal has to reach to achieve a valid high or low level and therefore the time to
which setup and hold is measured. System timing and voltage budgets need to account for Vgrgr(DC) deviations from the optimum position within the
data-eye of the input signals.

This also clarifies that the DRAM setup/hold specification and derating values need to include time and voltage associated with Vggg ac-noise.
Timing and voltage effects due to ac-noise on Vggp up to the specified limit (+/-1% of Vpp) are included in DRAM timings and their associated deratings.

SAMSUNG ELECTRONICS -17-
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13.3 AC and DC Logic Input Levels for Differential Signals

13.3.1 Differential Signals Definition

Differential Input Voltage (i.e. DQS-DQS, CK-CK)

V,4.DIFF.AC.MIN

V4. DIFF.MIN

VL. DIFF.MAX

V) .DIFF.AC.MAX

~—tDVAC

Figure 2. Definition of differential ac-swing and "time above ac level” tDVAC

13.3.2 Differential Swing Requirement for Clock (CK - CK) and Strobe (DQS - DQS)

DDR3-800/1066/1333/1600
Symbol Parameter : unit NOTE
min max
VIdiff differential input high +0.2 NOTE 3 Vv p
ViLdiff differential input low NOTE 3 -0.2 Y, 1
Vindi(AC) differential input high ac 2 x (Viy(AC)-Vrer) NOTE 3 v 5
ViLair(AC) differential input low ac NOTE 3 2 x (Vrer - VIL(AC)) v 2

NOTE :

1. Used to define a differential signal slew-rate. -
2. for CK - CK use V|y/V| (AC) of ADD/CMD and Vgggca; for DQS - DQS, DQSL - DQSL, DQSU - DQSU use V|y/V, (AC) of DQs and Vrgrpq; if a reduced ac-high or ac-low

level is used for a signal group, then the reduced level applies also here. -
3. These values are not defined, however they single-ended signals CK, CK, DQS, DQS, DQSL, DQSL, DQSU, DQSU need to be within the respective limits (V|3(DC) max,

V)(DC)min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer to "overshoot and Undersheet Specification”

[ Table 4 ] Allowed time before ringback (tDVAC) for CK - CK and DQS - DQS.

S T T tDVAC [ps] @ |Vi/Ldiff(AC)| = 350mV tDVAC [ps] @ IVn/Laif(AC)| = 300mV
min max min max
>4.0 75 ; 175 )
4.0 57 - 170 -
3.0 50 - 167 -
2.0 38 - 163 -
1.8 34 - 162 -
1.6 29 - 161 -
14 22 - 159 -
1.2 13 - 155 -
1.0 0 - 150 -
<1.0 0 - 150 -

SAMSUNG ELECTRONICS
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13.3.3 Single-ended Requirements for Differential Signals

Each individual component of a differential signal (CK, DQS, DQSL, DQSU, CK, DQS, DQSL, or DQSU) has also to comply with certain requirements for
single-ended signals.
CK and CK have to approximately reach Vggymin / Vgg max (approximately equal to the ac-levels ( V|y(AC) / V| (AC) ) for ADD/CMD signals) in every

half-cycle.
DQS, DQSL, DQSU, DQS, DQSL have to reach Vggymin / Vgg max (approximately the ac-levels ( V|4(AC) / V| (AC) ) for DQ signals) in every half-cycle

proceeding and following a valid transition.
Note that the applicable ac-levels for ADD/CMD and DQ’s might be different per speed-bin etc. E.g. if V|3150(AC)/V, 150(AC) is used for ADD/CMD

signals, then these ac-levels apply also for the single-ended signals CK and CK.

Vpp or Vppa

VSEH min

VDD/2 or VDDQ/2

CKor DQS

VggL max

Vgg or V .
Ss 7 7ss@ > time

Figure 3. Single-ended requirement for differential signals

Note that while ADD/CMD and DQ signal requirements are with respect to Vrgp, the single-ended components of differential signals have a requirement
with respect to Vpp/2; this is nominally the same. The transition of single-ended signals through the ac-levels is used to measure setup time. For single-
ended components of differential signals the requirement to reach Vgg max, Vggymin has no bearing on timing, but adds a restriction on the common
mode characteristics of these signals.

[ Table 5 ] Single ended levels for CK, DQS, DQSL, DQSU, CK, DQS, DQSL or DQSU

DDR3-800/1066/1333/1600 .
Symbol Parameter — Unit NOTE
Min Max
v Single-ended high-level for strobes (Vpp/2)+0.175 NOTE 3 V] 1,
SEH Single-ended high-level for CK, CK (Voo/2)+0.175 NOTE 3 v 1
v Single-ended low-level for strobes NOTE 3 (Vpp/2)-0.175 \Y 1,
SEL Single-ended low-level for CK, CK NOTE 3 (Vpp/2)0.175 v 1
NOTE :

1. For CK, CK use V4/V,_(AC) of ADD/CMD; for strobes (DQS, DQS, DQSL, DQSL, DQSU, DQSU) use V;;/V, (AC) of DQs.
2. Vi(AC)/V| (AC) for DQs is based on Vreepq; VIH(AC)/V|(AC) for ADD/CMD is based on Vgegca; if @ reduced ac-high or ac-low level is used for a signal group, then the

reduced level applies also here .
3. These values are not defined, however the single-ended signals CK, CK, DQS, DQS, DQSL, DQSL, DQSU, DQSU need to be within the respective limits (V|3(DC) max,

V, (DC)min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer to "Overshoot and Undershoot Specification”
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13.3.4 Differential Input Cross Point Voltage

To guaranteeﬂht setup and hold times as well as output skew parameters with respect to clock and strobe, each cross point voltage of differential input
signals (CK, CK and DQS, DQS) must meet the requirements in below table. The differential input cross point voltage V|x is measured from the actual

cross point of true and complement signal to the mid level between of Vpp and Vgg.

CK, DQS

Vss
Figure 4. V|x Definition

[ Table 6 ] Cross point voltage for differential input signals (CK, DQS)

DDR3-800/1066/1333/1600

Symbol Parameter Unit | NOTE
Y Min Max '
Vix Differential Input Cross Point Voltage relative to Vpp/2 for CK,CK 150 150 mv
-175 175 mV 1
Vix Differential Input Cross Point Voltage relative to Vpp/2 for DQS,DQS -150 150 mV

NOTE : —
1. Extended range for V,x is only allowed for clock and if single-ended clock input signals CK and CK are monotonic, have a single-ended swing Vgg| / Vggy of at least Vpp/2
+250 mV, and the differential slew rate of CK-CK is larger than 3 V/ ns.

13.4 Slew Rate Definition for Single Ended Input Signals

See "Address / Command Setup, Hold and Derating" for single-ended slew rate definitions for address and command signals.
See "Data Setup, Hold and Slew Rate Derating" for single-ended slew rate definitions for data signals.

13.5 Slew rate definition for Differential Input Signals

Input slew rate for differential signals (CK, CK and DQS, DQS) are defined and measured as shown in below.

[ Table 7 ] Differential input slew rate definition

Measured
Description Defined b
. From To : d

. . - — — ViHdifimin - VLdiffmax
Differential input slew rate for rising edge (CK-CK and DQS-DQS) V|Ldiffmax VIHdiffmin Dol TRAF

elta i
Differential input slew rate for falling edge (CK-CK and DQS-DQS) ViHdifimin V|Ldiffmax W

elta i

NOTE : The differential signal (i.e. CK - CK and DQS - DQS) must be linear between these thresholds

_____________ ViHdiffmin
0
I __——[———VILdiffmax
—> |- —> .
delta TFdiff delta TRdiff

Figure 5. Differential input slew rate definition for DQS, DQS and CK, CK
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14. AC & DC Output Measurement Levels

14.1 Single Ended AC and DC Output Levels

[ Table 8 ] Single Ended AC and DC output levels

Symbol |Parameter DDR3-800/1066/1333/1600 Units NOTE
Von(DC) |DC output high measurement level (for IV curve linearity) 0.8 x Vppa \Y

Vom(DC) |DC output mid measurement level (for IV curve linearity) 0.5 x Vppaq Vv

Voo(DC) |DC output low measurement level (for IV curve linearity) 0.2 x Vppa \Y

Vou(AC) |AC output high measurement level (for output SR) V171 + 0.1 X Vppq Vv 1
VoL(AC) |AC output low measurement level (for output SR) V11-0.1xVppg \ 1

NOTE : 1. The swing of +/-0.1 x Vppq is based on approximately 50% of the static single ended output high or low swing with a driver impedance of 40Q and an effective test
load of 25Q to VTT=VDDQ/2'

14.2 Differential AC and DC Output Levels

[ Table 9 ] Differential AC and DC output levels

Symbol Parameter DDR3-800/1066/1333/1600 Units NOTE
VoHdirt(AC) AC differential output high measurement level (for output SR) +0.2 x Vppq \% 1
VoLgi(AC) AC differential output low measurement level (for output SR) -0.2 x Vppq \ 1

NOTE : 1. The swing of +/-0.2xVppq is based on approximately 50% of the static single ended output high or low swing with a driver impedance of 40Q2 and an effective test
load of 25Q2 to V11=Vppq/2 at each of the differential outputs.

14.3 Single-ended Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between Vg, (AC) and Voy(AC)

for single ended signals as shown in below.
[ Table 10 ] Single ended Output slew rate definition

Measured
Description Defined by
From To
Von(AC)-Vo (AC
Single ended output slew rate for rising edge VoL(AC) VoH(AC) M
Delta TRse
Von(AC)-Vo (AC
Single ended output slew rate for falling edge VoH(AC) VoL(AC) M
Delta TFse
NOTE : Output slew rate is verified by design and characterization, and may not be subject to production test.
[ Table 11 ] Single ended output slew rate
i DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600
Parameter Symbol Operation Units
Voltage Min Max Min Max Min Max Min Max
) 1.35V 1.75 51 1.75 51 - - TBD TBD V/ns
Single ended output slew rate | SRQse
1.5V 2.5 5 25 5 25 5 TBD 5 Vins

Description : SR : Slew Rate
Q : Query Output (like in DQ, which stands for Data-in, Query-Output)

se : Single-ended Signals, For Ron = RZQ/7 setting
NOTE : 1) In two cased, a maximum slew rate of 6V/ns applies for a single DQ signal within a byte lane.
- Case_1 is defined for a single DQ signal within a byte lane which is switching into a certain direction (either from high to low of low to high) while all remaining DQ
signals in the same byte lane are static (i.e they stay at either high or low).
- Case_2 is defined for a single DQ signals in the same byte lane are switching into the opposite direction (i.e. from low to high or high to low respectively). For the
remaining DQ signal switching into the opposite direction, the regular maximum limit of 5 V/ns applies.
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— — Vorit(AC)

- Vi

— —|— = Voudi(AC)

delta TFdiff delta TRdiff

Figure 6. Single-ended output slew rate definition

14.4 Differential Output Slew Rate
With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between Vg 4i(AC) and Vou.

qiff(AC) for differential signals as shown in below.

[ Table 12 ] Differential Output slew rate definition

Measured
Description Defined by
From To
Vonqi(AC)-VoLqi(AC
Differential output slew rate for rising edge VoLif(AC) Vonqir(AC) oHaiAC) OL_d'ﬁ( )
Delta TRdiff
Vonqi(AC)-VoL gi(AC
Differential output slew rate for falling edge Voudif(AC) VoLdif(AC) onaifAC) O",d'ﬁ( )
Delta TFdiff
NOTE : Output slew rate is verified by design and characterization, and may not be subject to production test.
[ Table 13 ] Differential Output slew rate
i DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600
Parameter Symbol Operation Units
Voltage Min Max Min Max Min Max Min Max
1.35V 3.5 10 3.5 10 - - TBD TBD Vins
Single ended output slew rate | SRQse
1.5V 5 10 5 10 5 10 TBD 10 Vins

Description : SR : Slew Rate

Q : Query Output (like in DQ, which stands for Data-in, Query-Output)
diff : Single-ended Signals

For Ron = RZQ/7 setting

— Vordi(AC)

— ~ Vir

— —| — - Voua(AC)

delta TFdiff delta TRdiff

Figure 7. Differential output slew rate definition
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15.1IDD specification definition

Symbol Description
Operating One Bank Active-Precharge Current
CKE: High; External clock: On; tCK, nRC, nRAS, CL: Refer to Component Datasheet for detail pattern ; BL: 81); AL: 0; &: High between ACT and PRE;
IDDO Command, Address, Bank Address Inputs: partially toggling ; Data 10: FLOATING; DM:stable at 0; Bank Activity: Cycling with one bank active at a time:
0,0,1,1,2,2,... ; Output Buffer and RTT: Enabled in Mode Registersz); ODT Signal: stable at 0; Pattern Details: Refer to Component Datasheet for detail pat-
tern
Operating One Bank Active-Read-Precharge Current
CKE: High; External clock: On; tCK, nRC, nRAS, nRCD, CL: Refer to Component Datasheet for detail pattern ; BL: 81); AL: 0; @: High between ACT, RD
IDD1 and PRE; Command, Address, Bank Address Inputs, Data 10: partially toggling ; DM:stable at 0; Bank Activity: Cycling with one bank active at a time:
0,0,1,1,2,2,... ; Output Buffer and RTT: Enabled in Mode Registersz); ODT Signal: stable at 0; Pattern Details: Refer to Component Datasheet for detail pat-
tern
Precharge Standby Current
IDD2N CKE: High; External f.:lock: Or?; tCK, CL: Refer to Component Datasheet for detail-p?ttern : BL: 8"); AL: 0; CS: stable at 1; Command, Add_ress, Bank
Address Inputs: partially toggling ; Data 10: FLOATING; DM:stable at 0; Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode
Registers?); ODT Signal: stable at 0; Pattern Details: Refer to Component Datasheet for detail pattern
Precharge Power-Down Current Slow Exit
IDD2PO CKE: Low; External clock: On; tCK, CL: Refer to Component Datasheet for detail pattern ; BL: 81); AL: 0O; E: stable at 1; Command, Address, Bank
Address Inputs: stable at 0; Data 10: FLOATING; DM:stable at 0; Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode Registersz);
ODT Signal: stable at 0; Precharge Power Down Mode: Slow Exit®)
Precharge Power-Down Current Fast Exit
|DD2PA CKE: Low; External clock: On; tCK, CL: Refer to Component Datasheet for detail pattern ; BL: 81); AL: 0O; &: stable at 1; Command, Address, Bank
Address Inputs: stable at 0; Data 10: FLOATING; DM:stable at 0; Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode Registers?);
ODT Signal: stable at 0; Precharge Power Down Mode: Fast Exit®)
Precharge Quiet Standby Current
1DD2Q CKE: High; External clock: On; tCK, CL: Refer to Component Datasheet for detail pattern ; BL: 8"): AL: 0; CS: stable at 1; Command, Address, Bank
Address Inputs: stable at 0; Data 10: FLOATING; DM:stable at 0;Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode Registersz);
ODT Signal: stable at 0
Active Standby Current
IDD3N CKE: High; External plock: Op; tCK, CL: Refer to Component Datasheet for detai! p_attern ; BL: 81); AL: O; g: stable at 1; Command, Aqdress, Bank
Address Inputs: partially toggling ; Data 10: FLOATING; DM:stable at 0;Bank Activity: all banks open; Output Buffer and RTT: Enabled in Mode
Registersz); ODT Signal: stable at 0; Pattern Details: Refer to Component Datasheet for detail pattern
Active Power-Down Current
IDD3P CKE: Low; External clock: On; tCK, CL: Refer to Component Datasheet for detail pattern ; BL: 8": AL: 0; CS: stable at 1; Command, Address, Bank
Address Inputs: stable at 0; Data 10: FLOATING;DM:stable at 0; Bank Activity: all banks open; Output Buffer and RTT: Enabled in Mode Registersz); oDT
Signal: stable at 0
Operating Burst Read Current
CKE: High; External clock: On; tCK, CL: Refer to Component Datasheet for detail pattern ; BL: 81); AL: 0O; E; High between RD; Command, Address,
IDD4R Bank Address Inputs: partially toggling ; Data 10: seamless read data burst with different data between one burst and the next one ; DM:stable at 0; Bank
Activity: all banks open, RD commands cycling through banks: 0,0,1,1,2,2,... ; Output Buffer and RTT: Enabled in Mode Registersz); ODT Signal: stable
at 0; Pattern Details: Refer to Component Datasheet for detail pattern
Operating Burst Write Current
CKE: High; External clock: On; tCK, CL: Refer to Component Datasheet for detail pattern ; BL: 81); AL: O; g: High between WR; Command, Address,
IDD4W Bank Address Inputs: partially toggling ; Data 10: seamless write data burst with different data between one burst and the next one ; DM: stable at 0; Bank
Activity: all banks open, WR commands cycling through banks: 0,0,1,1,2,2,... ; Output Buffer and RTT: Enabled in Mode Registersz); ODT Signal: stable
at HIGH; Pattern Details: Refer to Component Datasheet for detail pattern
Burst Refresh Current
IDD5B CKE: High; External clock: On; tCK, .CL, nRF(;: Refer to Component Datasheet for detail pattern ;_B_L: 81); AL: 0O; E: High between REF; Command,
Address, Bank Address Inputs: partially toggling ; Data 10: FLOATING;DM:stable at 0; Bank Activity: REF command every nRFC ; Output Buffer and
RTT: Enabled in Mode Registersz); ODT Signal: stable at 0; Pattern Details: Refer to Component Datasheet for detail pattern
Self Refresh Current: Normal Temperature Range
IDD6 TCASE: 0 - 85°C; Auto Self-Refresh (ASR): Disabled?); Self-Refresh Temperature Range (SRT): Normal®); CKE: Low; External clock: Off; CK and CK:
LOW; CL: Refer to Component Datasheet for detail pattern ; BL: 81); AL: 0; CS, Command, Address, Bank Address, Data 10: FLOATING;DM:stable at 0;
Bank Activity: Self-Refresh operation; Output Buffer and RTT: Enabled in Mode Registersz); ODT Signal: FLOATING
Self-Refresh Current: Extended Temperature Range (optional)e)
IDDEET TCASE: 0 - 95°C; Auto Self-Refresh (ASR): Disabled?); Self-Refresh Tem&ature Range (SRT): Extended®); CKE: Low; External clock: Off; CK and CK:
LOW; CL: Refer to Component Datasheet for detail pattern ; BL: 81); AL: 0; CS, Command, Address, Bank Address, Data 10: FLOATING;DM:stable at 0;
Bank Activity: Extended Temperature Self-Refresh operation; Output Buffer and RTT: Enabled in Mode Registersz); ODT Signal: FLOATING
Operating Bank Interleave Read Current
CKE: High; External clock: On; tCK, nRC, nRAS, nRCD, nRRD, nFAW, CL: Refer to Component Datasheet for detail pattern ; BL: 8"); AL: CL-1; cs: High
IDD7 between ACT and RDA; Command, Address, Bank Address Inputs: partially toggling ; Data 10: read data bursts with different data between one burst and
the next one ; DM:stable at 0; Bank Activity: two times interleaved cycling through banks (0, 1, ...7) with different addressing ; Output Buffer and RTT:
Enabled in Mode Registers?); ODT Signal: stable at 0; Pattern Details: Refer to Component Datasheet for detail pattern
RESET Low Current _ _
IDD8 RESET : Low; External clock : off; CK and CK : LOW; CKE : FLOATING ; CS, Command, Address, Bank Address, Data 10 : FLOATING ; ODT Signal :

FLOATING
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NOTE :
1) Burst Length: BL8 fixed by MRS: set MRO A[1,0]=00B
2) Output Buffer Enable: set MR1 A[12] = 0B; set MR1 A[5,1] = 01B; RTT_Nom enable: set MR1 A[9,6,2] = 011B; RTT_Wr enable: set MR2 A[10,9] = 10B
3) Precharge Power Down Mode: set MRO A12=0B for Slow Exit or MRO A12=1B for Fast Exit
4) Auto Self-Refresh (ASR): set MR2 A6 = OB to disable or 1B to enable feature
5) Self-Refresh Temperature Range (SRT): set MR2 A7=0B for normal or 1B for extended temperature range
6) Refer to DRAM supplier data sheet and/or DIMM SPD to determine if optional features or requirements are supported by DDR3 SDRAM device
7) IDD current measure method and detail patterns are described on DDR3 component datasheet
8) VDD and VDDQ are merged on module PCB.
9) DIMM IDD SPEC is measured with Qoff condition
(IDDQ values are not considered)
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16.1IDD SPEC Table
M393B5773CHO0 : 2GB(256Mx72) Module
DDR3-1066 DDR3-1333
Symbol 7-7-7 9-9-9 Unit NOTE
1.35V 1.5V 1.35V 1.5V
IDDO 1120 1165 1205 1250 mA 1
IDD1 1210 1300 1295 1385 mA 1
IDD2PO0(slow exit) 678 678 718 718 mA
IDD2P1(fast exit) 750 750 790 790 mA
IDD2N 865 910 950 995 mA
IDD2Q 845 890 930 930 mA
IDD3P(fast exit) 795 840 880 880 mA
IDD3N 1035 1080 1120 1165 mA
IDD4R 1480 1570 1655 1745 mA 1
IDD4W 1580 1715 1935 1980 mA 1
IDD5B 2115 2160 2155 2200 mA 1
IDD6 668 668 708 708 mA
IDD7 2110 2200 2465 2600 mA 1
IDD8 668 668 708 708 mA
NOTE :
1. DIMM IDD SPEC is calculated with considering de-actived rank(IDLE) is IDD2N.
M393B5273CHO0 : 4GB(512Mx72) Module
DDR3-1066 DDR3-1333
Symbol 7-7-7 9-9-9 Unit NOTE
1.35V 1.5V 1.35V 1.5V
IDDO 1345 1435 1475 1565 mA 1
IDD1 1435 1570 1565 1700 mA 1
IDD2PO0(slow exit) 786 786 826 826 mA
IDD2P1(fast exit) 930 930 970 970 mA
IDD2N 1090 1180 1220 1310 mA
IDD2Q 1070 1160 1200 1200 mA
IDD3P(fast exit) 1020 1110 1150 1150 mA
IDD3N 1440 1530 1570 1660 mA
IDD4R 1705 1840 1925 2060 mA 1
IDD4W 1805 1985 2205 2295 mA 1
IDD5B 2340 2430 2425 2515 mA 1
IDD6 776 776 816 816 mA
IDD7 2335 2470 2735 2915 mA 1
IDD8 776 776 816 816 mA

NOTE :

1. DIMM IDD SPEC is calculated with considering de-actived rank(IDLE) is IDD2N.
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M393B5270CHO : 4GB(512Mx72) Module

DDR3-1066 DDR3-1333
Symbol 7-7-7 9-9-9 Unit NOTE
1.35V 1.5V 1.35V 1.5V
IDDO 1570 1660 1700 1790 mA 1
IDD1 1750 1840 1880 1970 mA 1
IDD2PO(slow exit) 786 786 826 826 mA
IDD2P1(fast exit) 930 930 970 970 mA
IDD2N 1090 1180 1220 1310 mA
IDD2Q 1070 1160 1200 1200 mA
IDD3P(fast exit) 1020 1110 1150 1150 mA
IDD3N 1440 1530 1570 1660 mA
IDD4R 2110 2290 2420 2510 mA 1
IDD4W 2300 2570 2700 2880 mA 1
IDD5B 3600 3690 3640 3730 mA 1
IDD6 776 776 816 816 mA
IDD7 3370 3550 4040 4310 mA 1
IDD8 776 776 816 816 mA

NOTE :
1. DIMM IDD SPEC is calculated with considering de-actived rank(IDLE) is IDD2N.

M393B1K70CHO : 8GB(1Gx72) Module

DDR3-1066 DDR3-1333
Symbol 7-7-7 9-9-9 Unit NOTE
1.35V 1.5V 1.35V 1.5V

IDDO 2020 2200 2240 2420 mA 1

IDD1 2200 2380 2420 2600 mA 1
IDD2PO(slow exit) 1002 1002 1042 1042 mA
IDD2P1(fast exit) 1290 1290 1330 1330 mA
IDD2N 1540 1720 1760 1940 mA
IDD2Q 1520 1700 1740 1740 mA
IDD3P(fast exit) 1470 1650 1690 1690 mA
IDD3N 2250 2430 2470 2650 mA

IDD4R 2560 2830 2960 3140 mA 1

IDD4W 2750 3110 3240 3510 mA 1

IDD5B 4050 4230 4180 4360 mA 1
IDD6 992 992 1032 1032 mA

IDD7 3820 4090 4580 4940 mA 1
IDD8 992 992 1032 1032 mA

NOTE :
1. DIMM IDD SPEC is calculated with considering de-actived rank(IDLE) is IDD2N.
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M393B1K73CHO : 8GB(1Gx72) Module

DDR3-1066 DDR3-1333
Symbol 7-7-7 9-9-9 Unit NOTE
1.35V 1.5V 1.35V 1.5V

IDDO 1795 1975 2015 2195 mA 1

IDD1 1885 2110 2105 2330 mA 1
IDD2PO0(slow exit) 1002 1002 1042 1042 mA
IDD2P1(fast exit) 1290 1290 1330 1330 mA
IDD2N 1540 1720 1760 1940 mA
IDD2Q 1520 1700 1740 1740 mA
IDD3P(fast exit) 1470 1650 1690 1690 mA
IDD3N 2250 2430 2470 2650 mA

IDD4R 2155 2380 2465 2690 mA 1

IDD4W 2255 2525 2745 2925 mA 1

IDD5B 2790 2970 2965 3145 mA 1
IDD6 992 992 1032 1032 mA

IDD7 2785 3010 3275 3545 mA 1
IDD8 992 992 1032 1032 mA

NOTE :
1. DIMM IDD SPEC is calculated with considering de-actived rank(IDLE) is IDD2N.

M393B2K70CMO : 16GB(2Gx72) Module

DDR3-1066 DDR3-1333
Symbol 7-7-7 9-9-9 Unit NOTE
1.35V 1.5V 1.35V 1.5V

IDDO 3456 3816 3888 4248 mA 1

IDD1 3636 3996 4068 4428 mA 1
IDD2P0(slow exit) 1890 1890 1962 1962 mA
IDD2P1(fast exit) 2466 2466 2538 2538 mA
IDD2N 2952 3312 3384 3744 mA
IDD2Q 2916 3276 3348 3348 mA
IDD3P(fast exit) 2826 3186 3258 3258 mA
IDD3N 3474 4734 4806 5166 mA

IDD4R 3996 4446 4608 4968 mA 1

IDD4W 4194 4734 4896 5346 mA 1

IDD5B 5454 5814 5796 6156 mA 1
IDD6 1872 1872 1944 1944 mA

IDD7 5256 5706 6228 6768 mA 1
IDD8 1872 1872 1944 1944 mA

NOTE :
1. DIMM IDD SPEC is calculated with considering de-actived rank(IDLE) is IDD2N.
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17.Input/Output Capacitance

M393B5773CHO
Parameter Symbol DDR3-1066 DDR3-1333 Units | NOTE
Min Max Min Max
Input/output capacitance
— — | - TBD - TBD F
(DQ, DM, DQS, DQS, TDQS, THQS) clo P
Input capacitance (CK and C_K) CCK - TBD - TBD pF
Input capacitance
(All other input-only pins) cl ) 8D ) TBD )
Input/output capacitance of ZQ pin CzQ - TBD - TBD pF
M393B5273CHO
Parameter Symbol DDR3-1066 DDR3-1333 Units NOTE
Min Max Min Max
Input/output capacitance
(DQ, DM, DQS, DQS, TDQS, TDQS) clo TBD TBD PF
Input capacitance (CK and C_K) CCK - TBD - TBD pF
Input capacitance
(All other input-only pins) cl ) 8D ) TBD )
Input/output capacitance of ZQ pin czQ - TBD - TBD pF
M393B5270CHO
Parameter Symbol DDR3-1066 DDR3-1333 Units NOTE
Min Max Min Max
Input/output capacitance
(DQ, DM, DQS, DQS, TDQS, TDQS) clo TBD TBD PF
Input capacitance (CK and C_K) CCK - TBD - TBD pF
Input capacitance
(All other input-only pins) cl ) 8D ) TBD )
Input/output capacitance of ZQ pin czQ - TBD - TBD pF
M393B1K70CHO
Parameter Symbol DDR3-1066 DDR3-1333 Units NOTE
Min Max Min Max
Input/output capacitance
(DQ, DM, DQS, DQS, TDQS, TDQS) clo TBD TBD PF
Input capacitance (CK and C_K) CCK - TBD - TBD pF
Input capacitance
(All other input-only pins) cl ) 8D ) TBD )
Input/output capacitance of ZQ pin czQ - TBD - TBD pF
M393B1K73CHO
Parameter Symbol DDR3-1066 DDR3-1333 Units NOTE
Min Max Min Max
Input/output capacitance
(DQ, DM, DQS, DQS, TDQS, TDQS) clo TBD TBD PF
Input capacitance (CK and C_K) CCK - TBD - TBD pF
Input capacitance
(All other input-only pins) cl ) TBD ) TBD )
Input/output capacitance of ZQ pin czQ - TBD - TBD pF
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M393B2K70CMO0
Parameter Symbol DDR3-1066 DDR3-1333 Units NOTE
Min Max Min Max
Input/output capacitance
(DQ, DM, DQS, DQS, TDQS, TDQS) clo TBD TBD PF
Input capacitance (CK and C_K) CCK - TBD - TBD pF
Input capacitance
(All other input-only pins) cl ) TBD ) TBD )
Input/output capacitance of ZQ pin czQ - TBD - TBD pF
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18. Electrical Characteristics and AC timing
[0 °C<Tgage <95 °C, Vppq = 1.35V(1.28V~1.45V) & 1.5V(1.425V~1.575V); Vpp = 1.35V(1.28V~1.45V) & 1.5V(1.425V~1.575V)]

18.1 Refresh Parameters by Device Density

Parameter Symbol 1Gb 2Gb 4Gb 8Gb Units NOTE
All Bank Refresh to active/refresh cmd time tRFC 110 160 300 350 ns
0°C<Tcase<85°C 7.8 7.8 7.8 7.8 us
Average periodic refresh interval tREFI
85°C«< TCASE <95°C 3.9 3.9 3.9 3.9 us 1

NOTE :
1. Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to determine if DDR3 SDRAM devices support the following options or requirements referred to in
this material.

18.2 Speed Bins and CL, tRCD, tRP, tRC and tRAS for Corresponding Bin

Speed DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600
Bin (CL - tRCD - tRP) 6-6-6 7-7-7 9-9-9 11-11-11 Units NOTE
Parameter min min min min
CL 6 7 9 11 tCK
tRCD 15 13.13 13.5 13.75 ns
tRP 15 13.13 135 13.75 ns
tRAS 375 375 36 35 ns
tRC 52.5 50.63 49.5 48.75 ns
tRRD 10 7.5 6.0 6.0 ns
tFAW 40 375 30 30 ns

18.3 Speed Bins and CL, tRCD, tRP, tRC and tRAS for corresponding Bin

DDR3 SDRAM Speed Bins include tCK, tRCD, tRP, tRAS and tRC for each corresponding bin.

[ Table 14 ] DDR3-800 Speed Bins

Speed DDR3-800
CL-nRCD-nRP 6-6-6 Units NOTE
Parameter Symbol min max

Internal read command to first data tAA 15 20 ns
ACT to internal read or write delay time tRCD 15 - ns
PRE command period tRP 15 - ns
ACT to ACT or REF command period tRC 52.5 - ns
ACT to PRE command period tRAS 37.5 9*tREFI ns 8
CL=6/CWL=5 tCK(AVG) 25 3.3 ns 1,2,3
Supported CL Settings 6 nCK
Supported CWL Settings 5 nCK
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[ Table 15] DDR3-1066 Speed Bins

Speed DDR3-1066
CL-nRCD-nRP 7-7-7 Units NOTE
Parameter Symbol min max
Internal read command to first data tAA 13.125 20 ns
ACT to internal read or write delay time tRCD 13.125 - ns
PRE command period tRP 13.125 - ns
ACT to ACT or REF command period tRC 50.625 - ns
ACT to PRE command period tRAS 37.5 9*tREFI ns 8
cL=56 CWL=5 tCK(AVG) 25 3.3 ns 1,2,3,6
CWL=6 tCK(AVG) Reserved ns 1,2,3,4
cL=7 CWL=5 tCK(AVG) Reserved ns 4
CWL=6 tCK(AVG) 1.875 ‘ <25 ns 1,2,3,4
CL=8 CWL=5 tCK(AVG) Reserved ns 4
CWL=6 tCK(AVG) 1.875 ‘ <25 ns 1,2,3
Supported CL Settings 6,7,8 nCK
Supported CWL Settings 5,6 nCK
[ Table 16 ] DDR3-1333 Speed Bins
Speed DDR3-1333
CL-nRCD-nRP 9-9-9 Units NOTE
Parameter Symbol min max
Internal read command to first data tAA 13.5 (13.125)5*9 20 ns
ACT to internal read or write delay time tRCD 13.5 (13.125)59 - ns
PRE command period tRP 13.5 (13.125)5'9 - ns
ACT to ACT or REF command period tRC 49.5 (49.125)°9 - ns
ACT to PRE command period tRAS 36 9*tREFI ns 8
CWL=5 tCK(AVG) 25 3.3 ns 1,2,3,7
CL=6 CWL=6 tCK(AVG) Reserved ns 1,2,3,4,7
CWL=7 tCK(AVG) Reserved ns 4
CWL=5 tCK(AVG) Reserved ns 4
1.875 <25
CL=7 CWL=6 tCK(AVG) ns 1,2,3,4,7
(Optional) NOTE 5,9
CWL=7 tCK(AVG) Reserved ns 1,2,3,4,
CWL=5 tCK(AVG) Reserved ns 4
CL=8 CWL=6 tCK(AVG) 1.875 ‘ <25 ns 1,2,3,7
CWL=7 tCK(AVG) Reserved ns 1,2,3,4,
CL=9 CWL =5,6 tCK(AVG) Reserved ns 4
CWL=7 tCK(AVG) 1.5 ‘ <1.875 ns 1,2,3,4
CWL = 5,6 tCK(AVG) Reserved ns 4
CL=10 15 ‘ <1.875 ns 1,2,3
CWL=7 tCK(AVG)
(Optional) ns 5
Supported CL Settings 6,7,8,9 nCK
Supported CWL Settings 5,6,7 nCK

SAMSUNG ELECTRONICS

-29-




Registered DIMM

Rev. 1.01

DDR3L SDRAM

[ Table 17 ] DDR3-1600 Speed Bins

Speed DDR3-1600
CL-nRCD-nRP 11-11-11 Units NOTE
Parameter Symbol min max
) 13.75
Intermal read command to first data tAA (13 125)5,9 20 ns
. . ) 13.75
ACT to internal read or write delay time tRCD (13.125)5.9 - ns
PRE command period tRP (1;?'2755)qu - ns
. 48.75
ACT to ACT or REF command period tRC (48.125)59 - ns
ACT to PRE command period tRAS 35 9*tREFI ns
CWL=5 tCK(AVG) 25 3.3 ns 1,2,3,8
CL=6 CWL=6 tCK(AVG) Reserved ns 1,2,3,4,8
CWL=7,8 tCK(AVG) Reserved ns 4
CWL=5 tCK(AVG) Reserved ns 4
1.875 | <25
CWL=6 tCK(AVG) ns 1,2,3,4,8
CL=7 (Optional) NOTE 5,9
CWL=7 tCK(AVG) Reserved ns 1,2,3,4,8
CWL=8 tCK(AVG) Reserved ns 4
CWL=5 tCK(AVG) Reserved ns 4
CL=38 CWL=6 tCK(AVG) 1.875 <25 ns 1,2,3,8
- CWL=7 tCK(AVG) Reserved ns 1,2,3,4,8
CWL=8 tCK(AVG) Reserved ns 1,2,3,4
CWL =5,6 tCK(AVG) Reserved ns 4
15 | <1.875
CL=9 CWL=7 tCK(AVG) ns 1,2,3,4,8
(Optional) NOTE 9,10
CWL =8 tCK(AVG) TBD ns 1,2,3,4
CWL =5,6 tCK(AVG) Reserved ns 4
15 | <1.875
CL=10 CWL=7 tCK(AVG) ns 1,2,3,8
(Optional) NOTE 9,10
CWL=8 tCK(AVG) Reserved ns 1,2,3,4
CL = 11 CWL=5,6,7 tCK(AVG) Reserved ns 4
CWL =8 tCK(AVG) 1.25 <15 ns 1,2,3,5
Supported CL Settings 6,7,8,9,10,11 nCK
Supported CWL Settings 5,6,7,8 nCK
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18.3.1 Speed Bin Table Notes

Absolute Specification [Topgr: Vppa = Vip = 1.35V(1.28V~1.45V) & 1.5V(1.425V~1.575V);

NOTE :

1.

N

w

(&)

o)

~

oo

©

The CL setting and CWL setting result in tCK(AVG).MIN and tCK(AVG).MAX requirements. When making a selection of tCK(AVG), both need to be fulfilled: Requirements
from CL setting as well as requirements from CWL setting.

. tCK(AVG).MIN limits: Since CAS Latency is not purely analog - data and strobe output are synchronized by the DLL - all possible intermediate frequencies may not be guar-

anteed. An application should use the next smaller JEDEC standard tCK(AVG) value (2.5, 1.875, 1.5, or 1.25 ns) when calculating CL [nCK] = tAA [ns] / tCK(AVG) [ns],
rounding up to the next "SupportedCL".

. tCK(AVG).MAX limits: Calculate tCK(AVG) = tAA.MAX / CL SELECTED and round the resulting tCK(AVG) down to the next valid speed bin (i.e. 3.3ns or 2.5ns or 1.875 ns or

1.25 ns). This result is tCK(AVG).MAX corresponding to CL SELECTED.
"Reserved" settings are not allowed. User must program a different value.

. "Optional" settings allow certain devices in the industry to support this setting, however, it is not a mandatory feature. Refer to supplier’s data sheet and/or the DIMM SPD

information if and how this setting is supported.

. Any DDR3-1066 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/

Characterization.

. Any DDR3-1333 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/

Characterization.

. Any DDR3-1600 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/

Characterization.

. For devices supporting optional downshift to CL=7 and CL=9, tAA/tRCD/tRP min must be 13.125 ns or lower. SPD settings must be programmed to match. For example,

DDR3-1333(CL9) devices supporting downshift to DDR3-1066(CL7) should program 13.125 ns in SPD bytes for tAAmin (Byte 16), tRCDmin (Byte 18), and tRPmin (Byte
20). DDR3-1600(CL11) devices supporting downshift to DDR3-1333(CL9) or DDR3-1066(CL7) should program 13.125 ns in SPD bytes for tAAmin (Byte16), tRCDmin (Byte
18), and tRPmin (Byte 20). Once tRP (Byte 20) is programmed to 13.125ns, tRCmin (Byte 21,23) also should be programmed accordingly. For example, 49.125ns (tRASmin
+ tRPmin=36ns+13.125ns) for DDR3-1333(CL9) and 48.125ns (tRASmin+tRPmin=35ns+13.125ns) for DDR3-1600(CL11).
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19.Timing Parameters by Speed Grade

[ Table 18 ] Timing Parameters by Speed Bin

Speed DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600

Parameter | Symbol MIN MAX MIN MAX MIN MAX MIN MAX Units NOTE
Clock Timing
Minimum Clock Cycle Time (DLL off mode) tCK(DFL)L*OF 8 - 8 - 8 - 8 - ns 6
Average Clock Period tCK(avg) See Speed Bins Table ps
Clock Period (OK(@b3) | iToermin | Uit parman | T (petmin | WiTpermes. | LT penmn | it enmax | UiTemin | Wifenma | P
Average high pulse width tCH(avg) 0.47 0.53 0.47 0.53 0.47 0.53 0.47 0.53 tCK(avg)
Average low pulse width tCL(avg) 0.47 0.53 0.47 0.53 0.47 0.53 0.47 0.53 tCK(avg)
Clock Period Jitter tJIT(per) -100 100 -90 90 -80 80 -70 70 ps
Clock Period Jitter during DLL locking period tJIT(per, Ick) -90 90 -80 80 -70 70 -60 60 ps
Cycle to Cycle Period Jitter tJIT(cc) 200 180 160 140 ps
Cycle to Cycle Period Jitter during DLL locking period tJIT(cc, Ick) 180 160 140 120 ps
Cumulative error across 2 cycles tERR(2per) - 147 147 -132 132 -118 118 -103 103 ps
Cumulative error across 3 cycles tERR(3per) -175 175 - 157 157 - 140 140 -122 122 ps
Cumulative error across 4 cycles tERR(4per) -194 194 -175 175 - 155 155 -136 136 ps
Cumulative error across 5 cycles tERR(5per) - 209 209 -188 188 - 168 168 -147 147 ps
Cumulative error across 6 cycles tERR(6per) -222 222 - 200 200 -177 177 -155 155 ps
Cumulative error across 7 cycles tERR(7per) -232 232 - 209 209 - 186 186 -163 163 ps
Cumulative error across 8 cycles tERR(8per) -241 241 -217 217 -193 193 -169 169 ps
Cumulative error across 9 cycles tERR(9per) - 249 249 -224 224 - 200 200 -175 175 ps
Cumulative error across 10 cycles tERR(10per) - 257 257 -231 231 -205 205 -180 180 ps
Cumulative error across 11 cycles tERR(11per) -263 263 -237 237 -210 210 -184 184 ps
Cumulative error across 12 cycles tERR(12per) -269 269 -242 242 -215 215 -188 188 ps
Cumulative error across n = 13, 14 ... 49, 50 cycles tERR(nper) tggggnpiir)::ai: : E?] : 822::5:;;:3:125232:)( ps 24
Absolute clock HIGH pulse width tCH(abs) 0.43 - 0.43 - 0.43 - 0.43 - tCK(avg) 25
Absolute clock Low pulse width tCL(abs) 0.43 - 0.43 - 0.43 - 0.43 - tCK(avg) 26
Data Timing
DQS,DQS to DQ skew, per group, per access tDQsQ - 200 - 150 - 125 - 100 ps 13
DQ output hold time from DQS, DQS tQH 0.38 - 0.38 - 0.38 - 0.38 - tCK(avg)| 13,9
DQ low-impedance time from CK, CK tLZ(DQ) -800 400 -600 300 -500 250 -450 225 ps 13,14, f
DQ high-impedance time from CK, CK tHZ(DQ) - 400 - 300 - 250 - 225 ps 13,14, f
\E;?;(aA %e)tvui(t'&r’ge; |t§v2|gs' DQS referenced to {DS(base) 2 _ 40 _ R B B ; ps d.17
31‘&%‘;{‘,’&;";2;‘;’;?3* DQS referenced to tDH(base) | 160 - 110 - - - - - ps | d,17
3ata setup time to DQS, DQS referenced to tDS(base) 140 _ 90 _ R B B ) ps

JH(AC)V|_(AC) levels AC135

DQ and DM Input pulse width for each input tDIPW 600 - 490 - 400 - 360 - ps 28
Data Strobe Timing
DQS, DQS differential READ Preamble tRPRE 0.9 Note 19 0.9 Note 19 0.9 Note 19 0.9 Note 19 tCK 13,19, 9
DQS, DQS differential READ Postamble tRPST 0.3 Note 11 0.3 Note 11 0.3 Note 11 0.3 Note 11 tCK 11,13,b
DQS, DQS differential output high time tQSH 0.38 - 0.38 - 0.4 - 0.4 - tCK(avg)| 13,9
DQS, DQS differential output low time tQSL 0.38 - 0.38 - 0.4 - 0.4 - tCK(avg)| 13,9
DQs, DQS differential WRITE Preamble tWPRE 0.9 - 0.9 - 0.9 - 09 - tCK
DQs, DQS differential WRITE Postamble tWPST 0.3 - 0.3 - 0.3 - 0.3 - tCK
23?6—}3@ rising edge output access time fromrising | nagck -400 400 -300 300 -255 255 -225 225 ps 13f
DQS, DQS low-impedance time (Referenced from RL-1)| tLZ(DQS) -800 400 -600 300 -500 250 -450 225 ps 13,14,f
ggSBI? high-impedance time (Referenced from tHZ(DQS) B 200 ; 300 R 250 B 205 ps 12,1314
DQS, DQS differential input low pulse width tDQSL 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 tCK 29, 31
DQS, DQS differential input high pulse width tDQSH 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 tCK 30, 31
DQS, DQS rising edge to CK, CK rising edge tDQSS -0.25 0.25 -0.25 0.25 0.25 0.25 -0.27 0.27  [tCK(avg) c
DQS,DQS falling edge setup time to CK, CK rising edge tDSS 0.2 - 0.2 - 0.2 - 0.18 - tCK(avg)| ¢, 32
DQS,DQS falling edge hold time to CK, CK rising edge tDSH 0.2 - 0.2 - 0.2 - 0.18 - tCK(avg)| ¢, 32
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[ Table 18 ] Timing Parameters by Speed Bin (Cont.)

Speed DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600
Units NOTE
Parameter | symbol mn | max MIN MAX MIN MAX MIN MAX
Command and Address Timing
DLL locking time tDLLK 512 - 512 - 512 - 512 - nCK
?é?;;al READ Command to PRECHARGE Command | orp | 4nC”|‘(?7X_5ns i ( 4nC”}‘<)a’;_5ns i ( 4ncn|1)a,;.5ns i (4nCrI2,a7X.5ns) i .
rDezlsng;Tnztnadrt of internal write transaction to internal tWTR (4nCnI1(?;.5ns R (4nCnP1<)a,;.5ns B (4nCnI1(?;45ns B (4nCrI2:’:|7x-5ns) B e18
WRITE recovery time tWR 15 - 15 - 15 - 15 - ns e
Mode Register Set command cycle time tMRD 4 - 4 - 4 - 4 - nCK
max max max max
Mode Register Set command update delay tMOD (12nCK,15ns - (12nCK,15ns| - (12nCK,15ns - (12nCK,15ns -
) ) ) )
CAS# to CAS# command delay tCCD 4 - 4 - 4 - 4 - nCK
Auto precharge write recovery + precharge time tDAL(min) WR + roundup (tRP / tCK(AVG)) nCK
Multi-Purpose Register Recovery Time tMPRR 1 - 1 - 1 | - | 1 - nCK 22
ACTIVE to PRECHARGE command period tRAS See “Speed Bins and CL, tRCD, tRP, tRC and tRAS for corresponding Bin” ns e
max

ACTIVE to ACTIVE command period for 1KB page size|  tRRD | 4nc"z‘1"0ns) - (4nCK),7.5ns - 4n E)nKa,)f(Sns) - ( 4né”|?2ns) - e

. ! max max max max
ACTIVE to ACTIVE command period for 2KB page size tRRD (4nCK,10ns) - (4nCK, 10ns) - (4nCK),745ns - (4nCK,7.5ns) - e
Four activate window for 1KB page size tFAW 40 - 375 - 30 - 30 - ns e
Four activate window for 2KB page size tFAW 50 - 50 - 45 - 40 - ns e
gﬁgg“?;f,i’giéff{;ﬁ%‘ggl"g"e to OK, CKrefer | yi5(pase) 215 - 140 - 80 - 60 - ps b,16
g::sg‘f‘;“\j/i?ié)df\fﬁgc;'ug;s from CK, CKrefer | - y11(base) 285 - 210 - 150 - 130 - ps b,16
Commang s s stp imeto O Giter | 0S0) | g5 |- | a0 |- | ows |- | ws |- [ g |be
Control & Address Input pulse width for each input tIPW 900 - 780 - 620 - 560 - ps 28
Calibration Timing
Power-up and RESET calibration time tZQinitl 512 - 512 - 512 - 512 - nCK
Normal operation Full calibration time tZQoper 256 - 256 - 256 - 256 - nCK
Normal operation short calibration time tZQCs 64 - 64 - 64 - 64 - nCK 23
Reset Timing
Exit Reset from CKE HIGH to a valid command tXPR trR“,fé(fqgrﬁ) . t';“’fé(fq%r’fé) . té“;é(fqggé) . té“;é(fq%':'s) .
Self Refresh Timing
Exit Self Refresh to commands not requiring a locked XS max(5nCKt R max(5nCKt R max(5nCKt R max(5nCK,tR R
DLL RFC + 10ns) RFC + 10ns) RFC + 10ns) FC + 10ns)
Exit Self Refresh to commands requiring a locked DLL|  tXSDLL tDLLK(min) - tDLLK(min) - tDLLK(min) - tDLLK(min) - nCK
Miqimum CKE low width for Self refresh entry to exit {CKESR tCKE(min) + R tCKE(min) + R tCKE(min) + R tCKE(min) + R
timing 1tCK 1tCK 1tCK 1tCK
Valid Clock Requirement after Self Refresh Entry {CKSRE max(5nCK, R max(5nCK, B max(5nCK, _ max(5nCK, _
(SRE) or Power-Down Entry (PDE) 10ns) 10ns) 10ns) 10ns)
Valid Clock Requirement pefore Self Refresh Exit tCKSRX max(5nCK, _ max(5nCK, _ max(5nCK, _ max(5nCK, _
(SRX) or Power-Down Exit (PDX) or Reset Exit 10ns) 10ns) 10ns) 10ns)
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[ Table 18 ] Timing Parameters by Speed Bin (Cont.)

Speed DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600
Units NOTE
Parameter | symbol MN | max MIN MAX MIN MAX MIN MAX
Power Down Timing
Exit Power Down with DLL on to any valid com- max max max max
mand;Exit Precharge Power Down with DLL tXP (3nCK, - (3nCK, - - -
frozen to commands not requiring a locked DLL 7.5ns) 7.5ns) (3nCK.6ns) (3nCK,Bns)
. . max max max max
Exit Precharge Powef Down With DLL frozen o om- | ixppLL | (10nCK, - (10nCK, - (10nCK, - (10nCK, - 2
a 9 24ns) 24ns) 24ns) 24ns)
max max max max
CKE minimum pulse width tCKE (3nCK, - (3nCK, - (3nCK, - (3nCK,5ns) -
7.5ns) 5.625ns) 5.625ns)
Command pass disable delay tCPDED 1 - 1 - 1 - 1 - nCK
Power Down Entry to Exit Timing tPD tCKE(min) 9*REFI tCKE(min) 9*REFI tCKE(min) | 9*REFI | tCKE(min) 9*tREFI tCK 15
Timing of ACT command to Power Down entry tACTPDEN 1 - 1 - 1 - 1 - nCK 20
Timing of PRE command to Power Down entry tPRPDEN 1 - 1 - 1 - 1 - nCK 20
Timing of RD/RDA command to Power Down entry tRDPDEN RL +4 +1 - RL +4 +1 - RL +4 +1 - RL +4 +1 -
. WL +4 WL +4 WL +4 WL +4
(TéngTopf Vgﬁsf\;l’gsr”%”&g’;;‘;we‘ Douwn entry HWRPDEN | +(tWR/ - +(tWR/ - +{tWR/ - +{tWR/ - ncK 9
’ ’ tCK(avg)) tCK(avg)) tCK(avg)) tCK(avg))
Timing of WRA command to Power Down entry WL +4 WL +4 WL +4 WL +4+WR
(BL8OTF, BL8MRS, BL4OTF) IWRAPDEN |, \vR +1 - +WR +1 - +WR +1 - +1 ° nCK 10
. WL +2 WL +2 WL +2 WL +2
IE';TW,;;;NR command to Power Down entry HWRPDEN |  +(tWR/ - +(tWR/ - +{tWR/ - +{tWR/ - ncK 9
tCK(avg)) tCK(avg)) tCK(avg)) tCK(avg))
Timing of WRA command to Power Down entry WL +2+WR WL +2+WR WL +2+WR WL +2 +WR
(BLAMRS) tWRAPDEN +1 - +1 - +1 - +1 - nCK 10
Timing of REF command to Power Down entry tREFPDEN 1 - 1 - 1 - 1 - 20,21
Timing of MRS command to Power Down entry tMRSPDEN | tMOD(min) - tMOD(min) - tMOD(min) - tMOD(min) -
ODT Timing
ODT high time without write command or with write ODTH4 4 _ 4 _ 4 _ 4 _ nCK
command and BC4
ODT high time with Write command and BL8 ODTH8 6 - 6 - 6 - 6 - nCK
Asynchronous RTT turn-on delay (Power-Down with tAONPD 2 85 2 8.5 2 85 2 8.5 ns
DLL frozen)
Asynchronous RTT turn-off delay (Power-Down with tAOFPD P 8.5 2 85 P 8.5 2 8.5 ns
DLL frozen)
RTT turn-on tAON -400 400 -300 300 -250 250 -225 225 ps 7f
RTT_NOM and RTT_WR turn-off time from ODTLoff tAOF 0.3 0.7 0.3 07 03 0.7 0.3 0.7 {CK(avg) 8.f
reference
RTT dynamic change skew tADC 0.3 0.7 0.3 0.7 0.3 0.7 0.3 0.7 tCK(avg) f
Write Leveling Timing
First QQS pulse rising edge after tDQSS margining fWLMRD 40 _ 40 R 40 _ 40 R tCK 3
mode is programmed
DQS/DQS delay after tDQS margining mode is pro- tWLDQSEN 25 _ 25 R 25 _ 25 R tCK 3
grammed
Write leveling setup time from rising CK, CK crossing _ _ _ _
to rising DQS, DQS crossing tWLH 325 245 195 165 ps
Write leveling hold time from rising DQS, DQS cross- tWLH 305 B 245 _ 195 _ 165 _ ps
ing to rising CK, CK crossing
Write leveling output delay tWLO 0 9 0 9 0 9 0 7.5 ns
Write leveling output error tWLOE 0 2 0 2 0 2 0 2 ns
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19.1 Jitter Notes

Specific Note a

Specific Note b

Specific Note ¢

Specific Note d

Specific Note e

Specific Note f

Specific Note g

Unit 'tCK(avg) represents the actual tCK(avg) of the input clock under operation. Unit 'nCK’ represents one clock cycle of the
input clock, counting the actual clock edges.ex) tMRD = 4 [nCK] means; if one Mode Register Set command is registered at Tm,
another Mode Register Set command may be registered at Tm+4, even if (Tm+4 - Tm) is 4 x tCK(avg) + tERR(4per),min.

These parameters are measured from a command/address signal (CKE, @, m, %, m, ODT, BAO, A0, A1, etc.) transition
edge to its respective clock signal (CK/&) crossing. The spec values are not affected by the amount of clock jitter applied (i.e.
tJIT(per), tJIT(cc), etc.), as the setup and hold are relative to the clock signal crossing that latches the command/address. That is,
these parameters should be met whether clock jitter is present or not.

These parameters are measured from a data strobe signal (DQS(L/U), DQS(L/U)) crossing to its respective clock signal (CK, &)
crossing. The spec values are not affected by the amount of clock jitter applied (i.e. tJIT(per), tJIT(cc), etc.), as these are relative
to the clock signal crossing. That is, these parameters should be met whether clock jitter is present or not.

These parameters are measured from a data signal (DM(L/U), DQ(L/U)0, DQ(L/U)1, etc.) transition edge to its respective data
strobe signal (DQS(L/U), DQS(L/U)) crossing.

For these parameters, the DDR3 SDRAM device supports tnPARAM [nCK] = RU{ tPARAM [ns] / tCK(avg) [ns] }, which is in clock
cycles, assuming all input clock jitter specifications are satisfied. For example, the device will support tnRP = RU{tRP / tCK(avg)},
which is in clock cycles, if all input clock jitter specifications are met. This means: For DDR3-800 6-6-6, of which tRP = 15ns, the
device will support tnRP = RU{tRP / tCK(avg)} = 6, as long as the input clock jitter specifications are met, i.e. Precharge com-
mand at Tm and Active command at Tm+6 is valid even if (Tm+6 - Tm) is less than 15ns due to input clock jitter.

When the device is operated with input clock jitter, this parameter needs to be derated by the actual tERR(mper),act of the input
clock, where 2 <= m <= 12. (output deratings are relative to the SDRAM input clock.)

For example, if the measured jitter into a DDR3-800 SDRAM has tERR(mper),act,min = - 172 ps and tERR(mper),act,max = +
193 ps, then tDQSCK,min(derated) = tDQSCK,min - tERR(mper),act,max = - 400 ps - 193 ps = - 593 ps and tDQSCK,max(der-
ated) = tDQSCK,max - tERR(mper),act,min = 400 ps + 172 ps = + 572 ps. Similarly, tLZ(DQ) for DDR3-800 derates to
tLZ(DQ),min(derated) = - 800 ps - 193 ps = - 993 ps and tLZ(DQ),max(derated) = 400 ps + 172 ps = + 572 ps. (Caution on the
min/max usage!)

Note that tERR(mper),act,min is the minimum measured value of tERR(nper) where 2 <= n <=

12, and tERR(mper),act,max is the maximum measured value of tERR(nper) where 2 <= n <= 12.

When the device is operated with input clock jitter, this parameter needs to be derated by the actual tJIT(per),act of the input
clock. (output deratings are relative to the SDRAM input clock.) For example, if the measured jitter into a DDR3-800 SDRAM has
tCK(avg),act = 2500 ps, tJIT(per),act,min = - 72 ps and tJIT(per),act,max = + 93 ps, then tRPRE,min(derated) = tRPRE,min +
tJIT(per),act,min = 0.9 x tCK(avg),act + tJIT(per),act,min = 0.9 x 2500 ps - 72 ps = + 2178 ps. Similarly, tQH,min(derated) =
tQH,min + tJIT(per),act,min = 0.38 x tCK(avg),act + tJIT(per),act,min = 0.38 x 2500 ps - 72 ps = + 878 ps. (Caution on the min/
max usage!)

SAMSUNG ELECTRONICS -35-



Rev. 1.01

Registered DIMM DDR3L SDRAM

19.2 Timing Parameter Notes

. Actual value dependant upon measurement level definitions which are TBD.

. Commands requiring a locked DLL are: READ (and RAP) and synchronous ODT commands.

. The max values are system dependent.

WR as programmed in mode register

. Value must be rounded-up to next higher integer value

. There is no maximum cycle time limit besides the need to satisfy the refresh interval, tREFI.

. For definition of RTT turn-on time tAON see "Device Operation & Timing Diagram Datasheet"

. For definition of RTT turn-off time tAOF see "Device Operation & Timing Diagram Datasheet".

. tWR is defined in ns, for calculation of tWRPDEN it is necessary to round up tWR / tCK to the next integer.
. WR in clock cycles as programmed in MRO

. The maximum read postamble is bound by tDQSCK(min) plus tQSH(min) on the left side and tHZ(DQS)max on the right side. See "Device Operation & Timing
Diagram Datasheet.

. 20N OA N o
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. Output timing deratings are relative to the SDRAM input clock. When the device is operated with input clock jitter, this parameter needs to be derated
by TBD

13. Value is only valid for RON34

14. Single ended signal parameter. Refer to chapter 8 and chapter 9 for definition and measurement method.

15. tREFI depends on Topgr

16. tIS(base) and tIH(base) values are for 1V/ns CMD/ADD single-ended slew rate and 2V/ns CK, CK differential slew rate, Note for DQ and DM signals,
VRrer(DC) = VreeDQ(DC). FOr input only pins except RESET, Vrgg(DC)=VgerCA(DC).
See ?$paratext>? on page 48. .

. tDS(base) and tDH(base) values are for 1V/ns DQ single-ended slew rate and 2V/ns DQS, DQS differential slew rate. Note for DQ and DM signals,
VRer(DC)= VregeDQ(DC). For input only pins except RESET, Vrgr(DC)=VggeCA(DC).
See ?$paratext>? on page 54.

1

~

18. Start of internal write transaction is defined as follows ;
For BL8 (fixed by MRS and on-the-fly) : Rising clock edge 4 clock cycles after WL.
For BC4 (on-the-fly) : Rising clock edge 4 clock cycles after WL
For BC4 (fixed by MRS) : Rising clock edge 2 clock cycles after WL

19. The maximum read preamble is bound by tLZDQS(min) on the left side and tDQSCK(max) on the right side. See "Device Operation & Timing Diagram
Datasheet"

20. CKE is allowed to be registered low while operations such as row activation, precharge, autoprecharge or refresh are in progress, but power-down
IDD spec will not be applied until finishing those operations.

. Although CKE is allowed to be registered LOW after a REFRESH command once tREFPDEN(min) is satisfied, there are cases where additional time
such as tXPDLL(min) is also required. See "Device Operation & Timing Diagram Datasheet".

22. Defined between end of MPR read burst and MRS which reloads MPR or disables MPR function.

23. One ZQCS command can effectively correct a minimum of 0.5 % (ZQCorrection) of RON and RTT impedance error within 64 nCK for all speed bins assuming
the maximum sensitivities specified in the 'Output Driver Voltage and Temperature Sensitivity'’ and 'ODT Voltage and Temperature Sensitivity’ tables. The
appropriate interval between ZQCS commands can be determined from these tables and other application specific parameters.

One method for calculating the interval between ZQCS commands, given the temperature (Tdriftrate) and voltage (Vdriftrate) drift rates that the SDRAM is sub-
ject to in the application, is illustrated. The interval could be defined by the following formula:

2

P

ZQCorrection

(TSens x Tdriftrate) + (VSens x Vdriftrate)

where TSens = max(dRTTdT, dRONdTM) and VSens = max(dRTTdV, dRONdVM) define the SDRAM temperature and voltage sensitivities.

For example, if TSens = 1.5% /°C, VSens = 0.15% / mV, Tdriftrate = 1°C / sec and Vdriftrate = 15 mV / sec, then the interval between ZQCS commands is calcu-
lated as:

0.5
(1.5x 1) + (0.15 x 15)

=0.133 = 128ms

24. n = from 13 cycles to 50 cycles. This row defines 38 parameters.
25. tCH(abs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the following falling edge.
26. tCL(abs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to the following rising edge.

27. The tIS(base) AC150 specifications are adjusted from the tIS(base) specification by adding an additional 100 ps of derating to accommodate for the lower alter-
nate threshold of 150 mV and another 25 ps to account for the earlier reference point [(175 mv - 150 mV) / 1 V/ns].

28. Pulse width of a input signal is defined as the width between the first crossing of Vggg(DC) and the consecutive crossing of Vggg(DC)

29. tDQSL describes the instantaneous differential input low pulse width on DQS-DQS, as measured from one falling edge to the next consecutive rising edge.
30. tDQSH describes the instantaneous differential input high pulse width on DQS-DQS, as measured from one rising edge to the next consecutive falling edge.
31. tDQSH, act + tDQSL, act = 1 tCK, act ; with tXYZ, act being the actual measured value of the respective timing parameter in the application.

32. tDSH, act + tDSS, act = 1 tCK, act ; with tXYZ, act being the actual measured value of the respective timing parameter in the application.
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20. Physical Dimensions

20.1 256Mbx8 based 256Mx72 Module (1 Rank) - M393B5773CHO
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20.1.1 x72 DIMM, populated as one physical rank of x8 DDR3 SDRAMs
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—— Address, Command and Control lines

NOTE : DRAMs indicated with dotted outline are located on the backside of the module.

The used device is 256M x8 DDR3L SDRAM, FBGA.
DDR3 SDRAM Part NO : K4B2G0846C-HY**

* NOTE : Tolerances on all dimensions +0.15 unless otherwise specified.
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20.2 256Mbx8 based 512Mx72 Module (2 Ranks) - M393B5273CHO

Units : Millimeters
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20.2.1 x72 DIMM, populated as two physical ranks of x8 DDR3 SDRAMs
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——— Address, Command and Control lines

The used device is 256M x8 DDR3L SDRAM, FBGA.
DDR3 SDRAM Part NO : K4B2G0846C-HY**

* NOTE : Tolerances on all dimensions +0.15 unless otherwise specified.
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20.3 512Mbx4 based 512Mx72 Module (1 Rank) - M393B5270CHO

Units : Millimeters
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20.3.1 x72 DIMM, populated as one physical rank of x4 DDR3 SDRAMs
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——— Address, Command and Control lines

The used device is 512M x4 DDR3L SDRAM, FBGA.
DDR3 SDRAM Part NO : K4B2G0446C-HY**

* NOTE : Tolerances on all dimensions +0.15 unless otherwise specified.
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20.4 512Mbx4 based 16x72 Module (2 Ranks) - M393B1K70CHO

Units : Millimeters
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——— Address, Command and Control lines

The used device is 512M x4 DDR3L SDRAM, FBGA.
DDR3 SDRAM Part NO : K4B2G0446C-HY**

* NOTE : Tolerances on all dimensions +0.15 unless otherwise specified.
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20.5 256Mbx8 based 16x72 Module (4 Ranks) - M393B1K73CHO

Units : Millimeters
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20.5.1 x72 DIMM, populated as four physical ranks of x8 DDR3 SDRAMs
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—— Address, Command and Control lines
The used device is 256M x8 DDR3L SDRAM, FBGA.
DDR3 SDRAM Part NO : K4B2G0846C-HY**

*NOTE : Tolerances on all dimensions +0.15 unless otherwise specified.
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20.6 1Gbx4 based 26x72 Module (4 Ranks) - M393B2K70CMO

Units : Millimeters

133.35+0.15
) 128.95 < e
9.76 | 10.9 | 18.92 | | 32.40 | 118.93 \ 1.9.74 g
| | | | | | ~
J . J | I\Q_/ Y
L o B | ©
= — S
0 = t +
g 0 :
] =2 - o
0: C} Y ®
PR Y
A
T 2.50 = 3
a ~
~————— 54.675 A B =
l< 47.00 \'N le ‘\ 71.00 N 1.27 £0.10, |
O IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IUIIIIIIIIII(IIIII)IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIO
&
< 000y, 2 o i 0.80+0.05
1 1 o
. e
; | ‘ o
i A
ﬂ | 3.80 0.2+0.15
| ! I 109, | |04
1 ' L ]
2500 00 B )
L 1.50+0.10 o4 1:00 &
Detail A Detail B Detail C
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—— Address, Command and Control lines
The used device is 1G x4(DDP) DDR3L SDRAM, FBGA.
DDR3 SDRAM Part NO : K4B4G0446C-MY**

*NOTE : Tolerances on all dimensions +0.15 unless otherwise specified.
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20.6.2 Heat Spreader Design Guide

1. FRONT PART
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3. CLIP PART
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4. DDR3 RDIMM ASS’Y View
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text mark ‘B’ or 'K’
punch press_stamp

6.8+0.1
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Clip open size
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