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 ׃ 1

ᵣ ̆Ԑ Ⱶ ꜚ ᶏῃ Ҍ Ȃҹԅ ̆Ҋѿף ᶫ

҆ҩ ⱬȂ ̆ ғ ҩ ₃ҩ Ữ ᴰ Ȃ

Ҭ̆ ַ҆ Ữ ᴰ ̆ ԍ ԍ Ḥ Ȃ 

̆ ҍ Ữ ῏ ȂҊѿף ΐ ̂RTR̃

ץ ҉ Ȃ 

Ғ QDR-IV SRAM̆ ҹԅ ⌠ RTR ̆ ⱳ ̆

Ḥ ȁ ȁ ץ Ȃ 
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ῒ RTR Ữ ץ ῃ Ữ ᴰ ̂ Ώ̃ ̆֞ ̂

̃Ȃ ṿ ԍ Ҭ ᵝ ȂRTR ᵝ ҆ ԊⱵ̂MT/s̃Ȃ 

1Ҭ QDR-II+ȁQDR-II+ Xtreme QDR-IV ᴆ RTRṿ ԅ Ȃ ̆QDR-

IV QDR-II+ ᴆ ңṐȂ QDR-IV̆ץ Ȃ  

 

1. RTR  

  

 

QDR-IV ↓ ̔ 

Á QDR-IV ̂HP̃SRAM̔ҹң ᴆ̆ ҩ Ҭ ץ 667 MHz ң ̆

ғ ᵬ ҹ 5ҩ Ȃ  

Á QDR-IV ̂XP̃SRAM̔ҹ№ ң ᴆ̆ ҩ Ҭ ץ 1066 MHz ң

̆ ғ ᵬ ҹ 8ҩ Ȃ ԍ ̆QDR-IV XP ᶫ 2132 MT/s RTR 153.5 

Gb/s Ȃ  
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2 QDR-IV  

׃1 ԅ QDR-IV SRAM ᴆ Ȃ 

1. QDR-IV  

  

 

QDR-IVΐ ңҩ ̆ ң Ώ ᵬȂңҩ ץ

Ṑ ᵬȂ 

QDR-IV ҩ ҹץ 18ᵝ 36ᵝ I/OȂ 

 QDR-IV ѿҩ ҹ Ṑ ̆ ԍ └ңҩ Ȃ 

└Ḥ  QDR-IVҬ └Ḥ ץ Ṑ ̂SDR̃ ᵬȂ 

ᵬ  
QDR-IV ңҩ ᵬ ̔ ҹ 1066 MHz ῇ ̂QDR-IV XP SRAM̃̆ ҹ

667 MHz № ̂QDR-IV HP SRAM̃Ȃ 

 

QDR-IVᶏ ҈ Ҍ ̔ 

1. (CK, CK#)̆ ԍ Ḥפ  

2. (DKA, DKA#, DKB, DKB#)̆ ԍ ῀Ḥ   

3. (QKA, QKA#, QKB, QKB#)̆ ԍ ₮Ḥ   

 QDR-IVΐ ̆ ᵞ ῏ ⱳ Ȃ ץ ᶏ Ȃ 

Ẽ  

Ḡ  
QDR-IV ON/OFF Ẽ Ḡ Ȃ ҹ ᶫԅ Ȃ 

҉

̂ODT̃ 

QDR-IVҹ ȁ ȁ ץפ ᶫԅ ON/OFF ҉ ̂ODT̃ Ȃ

ṿҹ̔40ȁ50ȁ60ȁ100 120 ÝȂ 

ῤ  

QDR-IV ԍ ᴆ ῤ Ȃ Ҋ ֓ ̆ ץ Ҍᴪ

ῒז Ữ ᴰ Ȃ ץ Ữ ∆ ֓ Ώ ᵬ̆Ӟ ץ

 Ȃױ

Ώ  QDR-IV ҩ ӊ Ώ ̆ ׅ Ḡ ῃѿ Ȃ 

ECC QDR-IV׃ ԅ ҉ ̂ECC̃̆₃Ӎ ԅ ̂SER̃Ȃ 

 QDR-IVΐ ᵬ ̆ ԍ └ȁ ȁ ̆ ԅḤ Ȃ 

I/OḤ  

QDR-IV JESD8-24 ‰ ᴺ ̂POD̃ Ὶ ̆ ғ JESD8-16A ‰ /

↓ ̂HSTL/SSTL̃Ḥ ȂPODᶏ 1.1 V ±50 mV 1.2 V ±50 mV I/O VDDQ ̆

HSTL/SSTL↕ 1.2 V ±50 mV 1.25 V ±50 mV I/O VDDQ Ȃ  

ᶫ  QDR-IV ᶏ 1.3 V ±40 mV ῤ ̂VDD̃Ȃ  

 
QDR-IV ᶫԅ 361 ṕ ↓̂FCBGÃ ̆ῒ ҹ 21 mm × 21 mm̆

̂pitch̃ҹ 1 mmȂ 

JTAG 
QDR-IV ҍ JESD8-26 ‰ JTAG 1149.1 Ὶ ̆ ҍ 1.3 V LVCMOS Ὶ

Ḥ Ȃ  

 

῏ Ḥ ̆ ῏ ΎȂ 
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2 QDR-IV Ȃ ֓ ҍ POD HSTL/SSTL Ὶ Ȃ 

2.  

 

 

3 ⱳ  

QDR-IV SRAMΐ ңҩ I/O ̆ A BȂ ԍ ץ ңҩ ̆ ץ Ữ ↓

ᴋᵥ /Ώ ⌠ ᴰ Ȃ 

QDR-IV Ҭ̆ ҩ ᶏ Ṑ ̂ÃȂ A ῀ ̂CK̃

҉ ҉ ̆ B ῀ ̂CK̃ Ҋ ҉ CK# ҉ ҉ Ȃ └Ḥ ̂LDA#ȁ

LDB#ȁRWA# RWB#̃ץ Ṑ ̂SDR̃ ᵬ̆ ԍ ᵬ Ώ ᵬȂңҩ ̂DQA

DQB̃ ԅ Ṑ ̂DDR̃ Ȃ ᴆΐ 2 Ȃ ᴆ ҹ × 18ץ   × 

36Ȃ 

QDR-IV XP SRAM ᴆΐ ѿҩ ℗ Ȃ№ ᵬѿ ԅ ᵥᶏ ℗ ̆ ᴆ ץ RTR

ᵬȂ  

3.1 Ḥ  

Á CK/CK# ҍҊ └ ῏ ̔An-A0ȁAINVȁLDA#ȁLDB#ȁRWA#ץ RWB#ȂCK/CK# ҍ

└Ḥ Ҭ Ȃ  

Á DKA/DKA# DKB/DKB# ҍ ῀Ώ ῏ ῀ Ȃ ֓ ҍ ῀Ώ Ҭ Ȃ  

QDR-IV SRAM ᴆ ̆ 2 ԅ ῀ ҍ ῀Ώ ӊ ῏ Ȃ 
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2. ῀ ҍΏ ῏  

῀  x18 x36 

DKA0/DKA0# └ DQA[8:0] └ DQA[17:0] 

DKA1/DKA1# └ DQA[17:9] └ DQA[35:18] 

DKB0/DKB0# └ DQB[8:0] └ DQB[17:0] 

DKB1/DKB1# └ DQB[17:9] └ DQB[35:18] 

  

Á QKA/QKA# QKB/QKB# ҍ ῏ ₮ Ȃ ֓ ҍ ₮ Ȃ 

QDR-IV SRAM ᴆ ’̆ 3 ԅ ₮ ҍ ӊ ῏ Ȃ 

3. ₮ ҍ ῏  

₮  x18 x36 

QKA0/QKA0# └ DQA[8:0] └ DQA[17:0] 

QKA1/QKA1# └ DQA[17:9] └ DQA[35:18] 

QKB0/QKB0# └ DQB[8:0] └ DQB[17:0] 

QKB1/QKB1# └ DQB[17:9] └ DQB[35:18] 

 

/ └Ḥ ₮ҍ CK/CK# Ȃ ῀ҍ DK/DK# ῀ Ȃ 

ҹԅ Ḡ פ ̆ ᶏ ̆DKA/DKA# DKB/DKB# ῏

ΎҬ CK⌠ DKx ̂tCKDK̃Ȃ 

QK/QK# ₮ ῤ PLL Ȃ ҍ CK/CK# ̆ ῏ ΎҬ CK ⌠ QKx

̂tCKQK̃ Ȃ 

3.2 /Ώ ᵬ 

Ώ פ └ ῀̂LDA#ȁRWA#ȁLDB# RWB#̃ ῀ ꜚȂ 

῀ ̂CK̃ ҉ ҉ A └ ῀ Ȃ ῀ Ҋ ҉ B └ ῀ Ȃ 

4 A B /Ώ ᵬ ᴆȂ 

4. A B /Ώ ᴆ 

 
ᵬ Ώ ᵬ 

A LDA# = 0 RWA# = 1 LDA# = 0 RWA# = 0 

B LDB# = 0 RWB# = 1 LDB# = 0 RWB# = 0 
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3 4 ̆ ԓҩ ̂RL̃ ̂ ԍ QDR-IV HP SRAM̃ ῇҩ RL ̂ ԍ QDR-IV 

XP SRAM̃ ̆ DQA ҉ ₮ A Ȃ׆ ₮ READ פ CKḤ ҉ ̆ RL

Ȃ  

҈ҩΏ ̂WL̃ ̂ ԍ QDR-IV HP SRAM̃ ԓҩWL ̂ ԍ QDR-IV XP SRAM̃ ̆

A Ώ ᴰ DQA Ȃ׆ ₮ WRITE פ CKḤ ҉ ̆ WL Ȃ 

ԓҩ RL ̂ ԍ QDR-IV HP SRAM̃ ῇҩ RL ̂ ԍ QDR-IV XP SRAM̃ ̆ DQB ҉

₮ B Ȃ׆ ₮ READ פ CKḤ Ҋ ̆ RL Ȃ 

҈ҩWL ̂ ԍ QDR-IV HP SRAM̃ ԓҩWL ̂ ԍ QDR-IV XP SRAM̃ ̆ B Ώ

ᴰ DQB Ȃ׆ ₮WRITE פ CKḤ Ҋ ̆ WL Ȃ 

QVLDA/QVLDBḤ ҉ ₮ Ȃ ҉ ꜚ ѿҩ ╠ ᵝ QVLDA QVLDB

Ḥ ̆ ҉ ꜚ ѿҩ ╠ ᵝ Ȃױ ₮ ҈ Ȃ 

3̈  

T0 T1 T(RL-1) T(RL) T(RL+1) T(RL+2)

CK/CK#

Command

Address

DQA

DQB

Port A 

Read

Port B 

Read

Port A 

Read

Port B 

Read

Port A 

A0

Port B 

B0

Port A 

A1

Port B 

B1

QA00 QA01 QA10 QA11

QB00 QB01 QB10 QB11

Port A Read Latency = RL (5/8)

Port B Read Latency = RL (5/8)

QVLDA

QVLDB

 

4. Ώ῀  

T0 T1 T(WL-1) T(WL) T(WL+1) T(WL+2)

CK/CK#

Command

Address

DQA

DQB

Port A 

Write

Port B 

Write

Port A 

Write

Port B 

Write

Port A 

A0

Port B 

B0

Port A 

A1

Port B 

B1

DA00 DA01 DA10 DA11

DB00 DB01 DB10 DB11

Port A Write Latency = WL (3/5)

Port B Write Latency = RL (3/5)
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3.3 ↓ 

QDR-IV SRAM Ữ └ Ḥ ץ̆ ᵬȂҌ ῤ ⱳ ᶏ ↓Ȃ 5

↓ ԅ ̔ 

5̈ ↓ 

Set 

Write_Train_Enable bit to 1

(In Configuration Mode)

Control/Address Data 

Deskew 
(Configure  

LBK0#,LBK1# : (0,0)(0,1)(1,0) )

Read Data Deskew
(Training Pattern : Data held at 

constant value)

Set

 LBK0# =1 & LBK1# =1

Set 

Write_Train_Enable bit to 0

(In Configuration Mode)

Write Data Deskew

(Normal Data Pattern Write 

and Read)

Configure 

Runtime Options

Normal 

Operation

Deskew 

Again

Yes No

T
raining S

equence 

Wait for PLL to Lock

Reset Chip

Configure Impedance

Power On
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↓ ∆ ѿ №̂ ῏∆ Ḥ ̆ ᴆ Ύ̃Ȃ ↓ ⱴ ᵝ ̆

Ҋ ᵬ Ҭ̆ ױ └ Ҭ Write_Train_Enableᵝ̂ᵝ ᵝ ̔7̃Ȃ

ᵬ̆ ױ ץ ᾧ ↓╠Ῥ ῀ Ȃ ᵝҌᴪ ⌠ ↓̆ ⌠

ҹ Ȃ 

Ҋ҈ҩץ ̆ ץ ̔ 

1. └/  

2.  

3. Ώ῀   

3.3.1  └ /  

Ḥ ̆ LBK0# LBK1# ҹ ױ ᵝṿȂ 5̆ԅ Ḥ ’Ȃ  

Ҋ 39ҩḤ ̔ 

Á DKA0ȁDKA0#ȁDKA1ȁDKA1# 

Á DKB0ȁDKB0#ȁDKB1ȁDKB1# 

Á LDA#ȁRWA#ȁLDB#ȁRWB# 

Á A [24:0]ȁAINVȁAP 

5. Ḥ ’ 

῀  

LBK0# = 0 
LBK1# = 0 

῀  

LBK0# = 0 
LBK1# = 1 

῀  

LBK0# = 1 
LBK1# = 0 

₮  

A0 A13 DKA0 DQA0 

A1 A14 DKA0# DQA1 

A2 A15 DKA1 DQA2 

A3 A16 DKA1# DQA3 

A4 A17 LDA# DQA4 

A5 A18 RWA# DQA5 

A6 A19 DKB0 DQA6 

A7 A20 DKB0# DQA7 

A8 A21 DKB1 DQA8 

A9 A22 DKB1# DQA9 

A10 A23 LDB# DQA10 

A11 A24 RWB# DQA11 

A12 AINV AP DQA12 

 

DKA0ȁDKA0#ȁDKA1ȁDKA1#ȁDKB0ȁDKB0#ȁDKB1 DKB#1 ῀ ̆ ↓Ҭ

Ȃ  

ᶏ ῀ ̂CK/CK#̃ ҉ Ҋ ҉ ҩ ῀ Ȃ ₮ ̂QKA/QKA#̃ ҉

҉ ₮ṿ ҹ ῀ ҉ ҉ ṿȂ ₮ ̂QKA/QKA#̃ Ҋ ҉ ₮ṿ ҹ

῀ Ҋ ҉ ṿȂ Ҋ̆ ̆ / └ Ҭ̆CFG#Ḥ

ҹ Ȃ 
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6.  

32 Cycles

Delay from input pins to DQA 

outputs (16 clocks)

Training Error Detected

DQA

A,AINV,AP,DKx,

LDx#,RWx#

LBKx#

CFG#

CK

 

6 ̆ / └Ḥ ̆DQA ҉ Ḥ ̂ Ḡ ̃ ҹᵞ Ȃ Ḥ

ꜚḤ ̆ /FPGA↕ᴪ Ḥ ‰Ȃ 

3.3.2   

̆ ȁ └ ῀ ⌠ԅ Ȃ Ҭ̆ ԍΏ῀ Ữ ῤ

ѿҩ ṿ̆ Ҋ Ҭ Ȃ ↓Ҭ̆LBK0# LBK1# ҹ 1Ȃ 

└ ̆Write_Train_Enableᵝ ҹ 1Ȃ ѿҩ ԋҩ ѿҩ ҉

̆ᵖ ԋҩ ↕ Ώ⌠ Ữ ῤ╠ ȂWrite_Train_EnableᵝҌᴪ ֟ ᴋᵥ Ȃ  

Ώ⌠ Ữ ῤ ̆ ‰ ᾛפ FPGA/ ֓ ̆ ᴪ QK/QK#Ḥ Ȃ

Write_Train_Enable = 1 ̆ Ώ῀ Ҭ̆DINVA/DINVB ̆ Ҭ̆ ℗ Ȃ  

Ҋ Ҭ ̆Ώ῀⌠ Ữ ῤ ̂D00ȁD01ȁD20ȁD21̃ῃҹ 1̆ ̂Q00ȁ

Q01ȁQ20ȁQ21̃↕ 1 0 ℗ Ȃ /FPGA ֓℗ Ȃ ↕̆FPGA/ ѿҩ

‰ Ȃ 
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7. ↓  

 
 

3.3.3  Ώ  

̆ ȁ └ȁ ₮ ⌠ԅ Ȃ Ώ῀ ↓╠̆ᾢῬ ῀ ̆

ᵝ ҹ 0 Write_Train_EnableȂ 

ᵬ Ҋ̆ᶏ פ ̆ ᶏ Ữ Ώ פ Ώ Ȃ ԍ ᴆ

⌠Ώ῀ Ȃ ᶏ /FPGA Ҋ↓ҍ DK/DK# ῀ ῏ Ḥ ̔DQAȁDINVAȁ

DQB DINVBȂ 
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3.4 № ᵬ 

QDR-IV XP SRAM ҹԅ ῇ ̂ ᵬ  = 1066 MHz̃̆ QDR-IV HP SRAM↕

ᵞ № ̂ ᵬ  = 667 MHz̃Ȃ  

QDR-IV XP Ҭ ᵞ ҈ҩ ̂A2ȁA1 A0̃ ԅ Ώ Ȃ ѿ № └ ҩ

ῤ ѿ ȂQDR-IV XP SRAM ↕ B҉ ҍ A҉

Ҍ Ȃ  

Ҍ № └̆ Ӈ ԍ ҉ ҉ /Ώ ᵬ ̆ A ҉↕Ҍᴪ └ /Ώ ᵬ̆ᵖᴪ

B҉ /Ώ ᵬȂQDR-IV HP SRAM ᴋᵥ№ └Ȃ 

8. QDR-IV XP SRAM ð Ώ/ ᵬ 

T0 T1

CK/CK#

Address Port A Port B Port A Port B

Cycle

T2 T3

Port A Port B Port A Port B

Cycle

In the same clock cycle, the bank address on Port B 

cannot be same as bank address on Port A

 

9. QDR-IV HP SRAM ð Ώ/ ᵬ 

T0 T1

CK/CK#

Address Port A Port B Port A Port B

Cycle

T2 T3

Port A Port B Port A Port B

Cycle

In the same clock cycle, the bank address on Port B 

can be same as bank address on Port A

Port A and Port B addresses are totally random (No banking restriction)
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QDR-IV XP SRAM ҉ № └ ᵬҹ ֓ ѿҩᴨ ̆ ֓ Ҭ̆ Ữ Ҭ ѿ Ҍ ̆

ғҌ ѿҩ Ҭ ѿҩ ң Ȃѿҩ QDR-IV XP SRAM ѿ ῤỮ Ҍ

Ḃ ѿҩ ᶛȂ ѿҩ ῤ ѿ ̆ Ӈ ץ QDR-IV XP SRAM

ᶫ RTR̂ ᴰ ̃
[1]
Ȃ ֓ Ҭ̆ ᵬ ҹ 1066 MHz ̆ ᴰ

ҹ 2132 MT/sȂ 

№ └Ҍᴪ ⌠ ᴰ ѿ ’ ᶏ ҉ ҩ ̆ ѿҩ ץ

Ữ Ҭѿ Ȃ ֓ ⌠ QDR-IV XP SRAM A BȂ Ҭ̆ ѿҩ ⌠

҉Ҍ ̆Ҍ ѿҩ ῤ ѿҩ ң Ȃ 

̆Ҍ ѿҩ ѿҩ /Ώ ᵬȂ Ҍ ̆ ѿ ѿ ╠

Ҋ ҉ B ̆ ғ ԋ ↕ Ҋѿҩ ҉ ҉ A ̆ Ӈ ץ ѿҩ

ῤῬ ѿ Ȃ Ҋ Ҭ̆ Ώ ᵬ ̆ B A ץ ѿҩ ῤ

YȂ ̆ ᵬ ̆ B A ץ ѿҩ ῤ XȂ 

10. ѿҩ ѿҩ Ữ  

A0 A1 A4 A5

X Y X

A2 A3 A6 A7

X Y YA[2:0]

A[21:3]

RWB#

LDB#

RWA#

LDA#

CK

W0

W1

W2

W3

R0

R1

R2

R3

Port B

Write

Port A

Write

Port B

Read

Port A

Read  

3.5 Ԋ  

‗ Ώ פ ׆̆ ᾧ ѿҩ I/O ҉ ‖ ᵬ Ȃ  

ѿױ QDR-IV HP SRAMҬ A҉ Ώ ̂פ פ ̃Ȃ׆ CKḤ ҉ ̂ҍ∆ Ώ

פ ̃ ̆ ҈ҩ ῤ DQA ᶫΏ Ȃ׆ CK Ḥ ҉ ̂ҍ∆ פ

̃ ̆ ԓҩ ̆ DQA҉ ̆↕ Ҋѿҩ ῤ ץ Ȃפ ̆ҹ

ᴰ ׆̂ ASIC/FPGA⌠ QDR IV Ữ ̃̆ ңҩ Ȃ ̆ ꜚΏ פ ̆ ץ ꜚ

  Ȃפ

                                            

1
 RTR̂ ᴰ ̃ ӈҹ Ữ ῃ Ữ ̂ Ώ̃ ȂRTR ᵝҹ ҆ ᴰ

Ȃ 
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ῒז ’Ҭ̆ ᾢ ꜚ ̂פ ꜚΏ ̆̃פ Ӈ פ ҈ҩ ̆ Ώ Ȃפ

ҹ̆׆ Ḥ CK ҉ ҉ פ ̆ ԓҩ DQA ҉ ̆ ғ׆

Ḥ CK ҉ ҉ Ώ פ ̆ ҈ҩ ῤ DQA ᶫΏ Ȃ ↕̆ ᴪ

‖ Ȃ ̆ Ώ פ ҹ RL ï WL + 1̂RL̔ ̕WL̔Ώ ̕ ңҩ ᵝҹ

̃Ȃ ѿҩ ԍ ễ ̂ ҹѿҩ ̃Ȃ 

ᴰ ԍ ̆ Ӈļ ⌠ΏĽ פ ҹ̔ 

ļ ⌠ΏĽ פ  =  ï Ώ  + 1 + ᴰ  

 

11Ȃ פ ҩ ̆ A Ώ Ȃפ ҹԅ ᾧ /Ώ ȁ

ᴰ ≢ ‖ Ȃ 

11. QDR-IV HP SRAM №  

CK/CK#

Port A

DQ
QA01 DA10 DA11QA00

Command

& Address

Port A

Port A Read latency= RL

Read

Port A NOPNOP NOP NOP
Write

Port A

Port A Write latency= WL

Bus Turnaround

+

Trace delay

QKA

DKA

 

3.6  

QDR-IV ᴆ ̆ ץ Ȃ 

ꜛԍ⁞ ҉ ꜚȁ℗ ץ I/O ℗ ⱳ Ȃ ᴰ ӊ ̆ ѿ

ᵝ Ҍ ̆ ᶏ Ȃ ԍ QDR-IV ᴆ PODḤפ ҹ I/OḤ ᶫԅ⌠ VDDQ

̆ ץ ꜚҹ Ḥ Ҍᴪ ⱳ Ȃ ̆ ԍ POD I/O Ḥ ѿҩ Ȃ

QDR-IVᴪḠ Ȃ 

ᶏץ ᶏ Ȃ 

3.6.1   

AINV Ṑ Ḥ ̆ Ữ ᴆ ᴪ Ḥ ȂAINV ̂An ï 

A0̃ AP ԅ ȂAINV Ḥ Ȃ AINV = 1 ̆ ̕ AINV = 0 ̆Ҍ

ȂAINV ⱳ Ữ └ └Ȃ  

Ẽᵝ ҹ ̂AG̃Ȃ 

6 AG ӈץ x18 x36 QDR-IV AINV ᴆȂ  
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6. ᴆ 

 x18  x36  

  AG[22:0] = A[21:0]ȁAP  AG[21:0] = A[20:0]ȁAP 

  

AG[22:0]Ҭ ľ0Ŀ Ҍ ԍ 12̆

AINV ҹ 1̆ ᴪ AG[22:0]  

AG[21:0]Ҭ ľ0Ŀ Ҍ ԍ 11̆ AINV

ҹ 1̆ ᴪ AG[21:0]  

AG[22:0]Ҭ ľ0Ŀ ԍ 12̆

AINV ҹ 0̆ Ҍᴪ AG[22:0] 

AG[21:0]Ҭ ľ0Ŀ ԍ 11̆ AINV 

ҹ 0̆ Ҍᴪ AG[21:0] 

3.6.2  x36 ᴆ ᶛ  

 Ҍ ̔ 

Ẋ №≢ҹ 22ôh 00019922ôh 3FFCFFȂ17ҩ ѿҩ ԋҩ

℗ ̆ Ҋ ̂ ᾝ ̃Ȃ ᴪ ҉ ℗ ȁI/O ץ ұ Ȃ  

7. ↓̂ ̃ 

AG[21:0] 22ᵝ̂ԋ └̃ 

ѿҩ  ð 22'h 000199 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 1 

ԋҩ  ð 22'h 3FFCFF 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 

 ̔ 

6 ̆ ѿҩ ̂22'h 000199̃ ᴆȂ ̆ Ữ └ ѿҩ ╠̆ ᴪ

22ôh 000199ҹ22ôh 3FFE66̆׆ AINV ҹ 1Ȃ ԍҌ ԋҩ ̆ ץ Ữ └

ץ ῒ ̆ AINV ҹ 0Ȃ  

Ҋ Ȃ ’Ҋ̆ 5 ҩ ℗ ̂ ᾝ ̃Ȃ℗ ᵝ

ᵞҹ 5̆ ץ ᵞԅ ԍ ℗ ₮̂SSÕ ȁI/O ץ ұ Ȃ 

8. ↓̂ ̃ 

AG[21:0] 22ᵝ̂ԋ └̃ AINV 

ѿҩ  ð 22'h 3FFE66  

̂ ̃ 

1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0 0 1 1 0 1 

ԋҩ  ð 22'h 3FFCFF 

̂Ḡ Ҍ ̃ 

1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 

 

3.7  

DINVA DINVB DQA DQB ȂDINVA DINVB ҹ Ḥ Ȃ DINV = 1

̆ ̕ DINV = 0 ̆Ҍ Ȃ  

Ữ └ Ữ Ώ ᵬ └ DINVA DINVB ⱳ Ȃ Ữ Ҭ̆QDR-IV Ữ Ҭ

DINVA DINVBⱳ Ȃ 

DINVA[1] DINVA[0] ԑ └ҍῒ DQA ȂDINVA[0] └ DQA[17:0]̂ ԍ x36 ̃ DQA[8:0]

̂ ԍ x18 ̃ȂDINVA[1] └ DQA[35:18]̂ ԍ x36 ̃ DQA[17:9]̂ ԍ x18 ̃Ȃ ̆

DINVB[0] └ x36 Ҭ DQB[17:0] x18 Ҭ DQB[8:0]ȂDINVB[1] └ x36 Ҭ DQB[35:18] x18

Ҭ DQA[17:9]Ȃ  

9 DINVᵝ ץ x18 x36 QDR-IV DINVA ᴆȂ 
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9. ᴆ 

 x18 x36 

DINVᵝ 
DINVA[1] └ DQA[17:9]̆DINVA[0] └ DQA[8:0] 

DINVB[1] └ DQB[17:9]̆DINVB[0] └ DQB[8:0]  

DINVA[1] └ DQA[35:18]̆DINVA[0] └ DQA[17:0] 

DINVB[1] └ DQB[35:18]̆DINVB[0] └ DQB[17:0] 

 

 

DQA[8:0]Ҭ ľ0Ŀ  Ó 5̆ DINVA[0] ҹ

1̆ ᴪ DQA[8:0]   

DQA[17:0]Ҭ ľ0Ŀ  Ó 10̆ DINVA[0]

ҹ 1̆ ᴪ DQA[17:0]   

DQA[8:0]Ҭ ľ0Ŀ  < 5̆ ӇҌ DQA[8:0]

DINVA[0] ҹ 0  

DQA[17:0]Ҭ ľ0Ŀ  < 10̆ ӇҌ

DQA[17:0] ̆ DINVA[0] ҹ 0  

̔ ץ DINVA[1]ȁDINVB[0]ץ DINVB[1]ᶏ Ḃץ̆ └ DQ Ȃ 

3.7.1  x18 ᴆ ᶛ  

 Ҍ ̔ 

Ẋ №≢ DQA[8:0]҉ 9ôh 0079ôh 1F3Ȃ6ҩ ѿҩ ԋҩ DQA[8:0]ᵝ ӊ

℗ ̆ Ҋ ̂ ᾝ ̃Ȃ ᴪ ҉ ℗ ȁI/O ץ ұ Ȃ  

10. ↓̂Ҍ ̃ 

DQA[8:0] 9ᵝ̂ԋ └̃ 

ѿҩ DQA[8:0] ð 9'h 007 0 0 0 0 0 0 1 1 1 

ԋҩ DQA[8:0] ð 9'h 1F3 1 1 1 1 1 0 0 1 1 

 ̔ 

9̆ ѿҩ DQA[8:0] ᴆȂ ̆ Ữ └ ѿҩ DQA[8:0]╠̆ ᴪ ׆ 9ôh 

007 ҹ 9ôh 1F8̆ DINVA[0] ҹ 1Ȃ ԍ ԋҩ DQA[8:0]Ҍ ̆ ץ Ữ └ ץ

̆ DINVA[0] ҹ 0Ȃ  

11 Ȃ ’Ҋ̆ 3 ҩ ℗ ̂ ᾝ ̃Ȃ℗ ᵝ

ᵞҹ 3̆ ץ ᵞԅ SSO ȁI/O ץ ұ Ȃ 

11. ↓̂ ̃ 

DQA[8:0] 9ᵝ̂ԋ └̃ DINVA[0] 

ѿҩ DQA[8:0] ð 9'h 1F8̂ ̃ 1 1 1 1 1 1 0 0 0 1 

ԋҩ DQA[8:0] ð 9'h 1F3̂Ḡ Ҍ ̃ 1 1 1 1 1 0 0 1 1 0 

3.8 Ẽ  

Ẽ ῀̂AP̃ Ẽ ₮̂PE˽̃ ᶫԅ Ḡ ҉ Ẽ

ⱳ Ȃ Ẽ ⱳ ̕ ᶏץ ᶏ Ȃ 

AP ץ ̂An⌠ A0̃҉ Ẽ Ȃ APṿ̆ᶏ AP An-A0 Ҭ ľ1Ŀ ҹẼ

Ȃ  

Á ԍ ҹ x18 ᴆ̆ APṿ̆ᶏ A[21:0] APҬ ľ1Ŀ ҹẼ Ȃ  

Á ԍ ҹ x36 ᴆ̆ APṿ̆ᶏ A[20:0] APҬ ľ1Ŀ ҹẼ Ȃ  
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3.8.1  x36 ᴆ ᶛ  

ץ ҹ x36 ᴆ 21ôh1E000021ôh1F0000ҹ ᶛȂ 12 ᵥҹ ҩ AP ṿȂ 

12. Ẽ  

 ̆A[20:0]̂x36 ᴆ̃ AP 

A[20:0]

APҬ

ľ1Ŀ  

 

 

21'h1E0000 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 

AP = 0̆

ҹ

A[20:0]Ҭ

ľ1Ŀ

ҹ

Ẽ ̂4̃ 

21'h1F0000 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 6 

AP = 1̆

ҹ

A[20:0]Ҭ

ľ1Ŀ

ҹ

̂5̃ 

 

Ẽ ̆ 4ȁ5ȁ6 7 Ҭ̂ ῏ Ύ̆ԅ ῏ Ḥ ̃

ѿҩ ץ A/B ᵝ ᵝȂ A/B ᵝ Ẽ ̔0 Ă

1 BȂ Ḥ ̆ ⌠ 3Ҭ Ẽ ᵝΏ῀ 1 Ḥ ҹ Ȃ 

ңҩ ̆ ץ ԅ ҩ Ẽ Ȃ A A ҉ Ẽ

Ȃ ̆ B b ҉ Ẽ Ȃ ҩ ⌠ ṿ̂3̃̆

Ả Ȃ ֓ ̕ 3 Ẽ ᵝΏ῀ 1̆ ῒ ᵝȂ 

⌠ Ẽ ̆Ώ ᵬ ̆ ץ Ữ Ȃᵖ ̆ ῀ ׅ̆ᴪ ᵬ̆

ғ Ữ Ȃ 

PE#ҹᵞ Ḥ ̆ Ẽ Ȃ ⌠ Ẽ ̆PE#Ḥ 8ҩ ̂QDR-IV XP SRAM̃ 5

ҩ ̂QDR-IV HP SRAM̃ῤ ҹ 0Ȃ Ḡ ᵝ ̆ ⌠ ԅ ҹ Ȃ

Ḃ ԅ Ẽ Ȃ 

ԍ AP Ҍ Ữ ֟ ᴋᵥ ̆ QDR-IV SRAMᴪ Ẽ ̆ ץ PE#Ḥ Ȃ  

PE# ҹᵞ ̆ᴪẢ Ữ ᵬ̆ ᶏ PE# ᵝҹ Ȃ ̆ ֓ ̆ ғ

AP Ώ ᵬӞ ̆ ץ Ữ Ώ Ȃ 

4 Ữ └  

Ữ └ ᾢ ẼȂ ̆ Ẽᵝ҉ Ȃ 

ԍ ̆ QDR-IV ╠̆ Ữ └ ҩ DQ ҉ ľ0Ŀ Ḃץ̆

DINVᵝ̂ ᴆ̃Ȃ 

Ữ └ ̆QDR-IV ᶏ Ȃҹԅ ≢ QDR-IV ̆ └ ֽ

DINVᵝ Ȃ └ DINV = 1̆ ῏ ̕ ↕̆Ḡ ⌠ ᵝҌ Ȃ  

12 Ữ └ Ԋ Ȃ  
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12. Ữ └ Ԋ  

 

4.1 ̂ECC̃ 

῀ԅ ҉ ̂ECC̃̆ ץ ᵞ QDR-IV Ữ ↓ ̂SER̃Ȃ ԍ

ҹ x18 x36 ̆ SRAMҬ ᶏ ȂECCḠ ᶫԅ ̂SEC̃Ȃ 

ῤ Ữ ↓ ԍ Ữ ECC ᵝȂᵖ ̆Ҍᴪ ֓ ῤ ᵝ ԍ Ȃ  

ᶛ ̆ 13 x36 ᴆ ₮ Ȃ36 ᵝ 6ҩ ECC ᵝ̕ Ữ ῤ ᴪ 42ᵝ̂36ҩ

ᵝ + 6ҩ ECC ᵝ̃ᴰ ⌠ ECC ῤȂ ̆ECC ᴪ ᶫ 36ᵝ ₮ Ȃ 

̆ ECC ᵝ QDR/DDR SRAM SER ̂FIT̃ҹ 200 FIT/MbȂᵖ ECC ̆ ṿ ҹ 0.01 

FIT/Mb̆ ԅ 4ҩ Ȃ  

13. ₮ ̂x36 ᴆ̃ 

   

5 QDR-IV ᵬ  

QDR-IV XP SRAM ᵬ ̆ ғΐ ѿ֓ ↕̆ QDR-IV HP SRAM ᵬ ᵞ̆ ᴋᵥ

└Ȃ  

QDR-IV Ώ ‗ԍ ᵬ Ȃ 13 ӈԅ ҩ ᴆ ᵬ Ȃ 
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13. ᵬ  

 

QDR-IV HP SRAM QDR-IV XP SRAM 

 600 MHz 667 MHz 933 MHz 1066 MHz 

 
5ҩ  5ҩ  8ҩ  8ҩ  

8.33 ns 7.5 ns 8.57 ns 7.5 ns 

Ώ  3ҩ  3ҩ  5ҩ  5ҩ  

№ ᵬ   

 x18ȁx36 

I/O  
1.1 V 1.2 V POD 

1.2 V 1.25 V HSTL/SSTL 

 361 FCBGA 

 /Ώ  

 144 Mbȁ72 Mb 

 

6  

6.1 QDR-IV ῀   

14 ᶏ ԅ POD HSTL/SSTLḤפ QDR-IV SRAM Ҍ ῀ Ȃ  

14. QDR-IV ῀ᶫ  

POD  

    ṿ  ῖ ṿ ṿ  ᵝ 

VDD ῤ ᶫ ̂1.3 V ± 40 mṼ 1.26 1.3 1.34 V 

VDDQ 
I/Oᶫ ̂1.1 V ± 50 mṼ 1.05 1.1 1.15 

V 
I/Oᶫ ̂1.2 V ± 50 mṼ 1.15 1.2 1.25 

VREF  VDDQ × 0.69 VDDQ × 0.7 VDDQ × 0.71 V 

HSTL/SSTL  

    ṿ  ῖ ṿ ṿ  ᵝ 

VDD ῤ ᶫ ̂1.3 V ± 40 mṼ 1.26 1.3 1.34 V 

VDDQ 
I/Oᶫ ̂1.2 V ± 50 mṼ 1.15 1.2 1.25 

V 
I/Oᶫ ̂1.25 V ± 50 mṼ 1.2 1.25 1.3 

VREF  VDDQ × 0.48 VDDQ × 0.5 VDDQ × 0.52 V 

 
 

6.1.1  VD D V D D Q  

Á ץ ῏ ᴆ ΎҬ ⌠ ῏ ᵬ ̂IDD̃ Ḥ ̆ ץ VDD ᶫ Ȃ ᶏ

IC VDD VDDQȂ  

Á ᶏ ⱳ ΐ̂ ⱳ ѿ Ҭ̃̆ ץ VDDQ I/O ℗ ̂IDDQ̃Ȃ QDR-IV ΐ

ODT ̆↕ I/O℗ ⱳ ץ ODTⱳ ₮ IDDQȂ 
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6.1.2  VR E F  

Á VREF ץ Ҍ ̆ ҹ № ῀ȂPOD Ḥפ HSTL/SSTL Ḥפ

VREF №≢ҹ 3 µA 1 µAȂ  

Á VREF ‗ԍ VDDQ ȂVREF ԍ VDDQ/2̂HSTL/SSTL ̃̆ ԍ VDDQ x 0.7̂POD ̃Ȃ ̆

ץ № VDDQ № ̆ IC VREFȂ 

6.1.3  HSTL Ḥפ VT T  

Á ῀Ḥ ҉ QDR-IV Ҭ ԅ ODT ̆ Ӈ ̂VTT = 

VDDQ/2̃Ȃ 

Á ᶏ ⱳ ΐ ᵀ VTTᶫ VTT ׆̆ ₮ ⱳ Ȃ  

Á ԍ VTT Ӟ ‗ԍ VDDQ̆ ᶏ VDDQ VTT̆ ץ ᶫ ᵞ ̆ └ 

Ȃ  

6.2  

ᶏ ץ̆ ᵞ Ҭ Ȃᶏ ֓ ҹԅ Ȃ ΐ ᵞ

ұ ұ ̆ ҹ IC ᶫ Ȃ  

ᴨ Ҋ̔  

Á ᵞԅ ҉ Ȃ  

Á ҹ ᶫԅᵞ Ȃ  

Á ᶫԅḤ Ȃ 

15 ῏ ῀ QDR-IV Ȃ  

15. QDR-IV  

  

VDD 10 x 100 nF 

VDDQ 10 x 100 nF 

6.3   

№ ԅ ᵥᶏ QDR-IV ᵬҹ VDDQ ᶛȂ ᴏ ̆

Ḃץ ⌠ Ȃ  

ᾢ̆ ⌠ ̂ZT̃Ȃ ‗ԍ ̂Ẋ ҹ 50%̃ ᶫ

̂VDDȁVDDQȁVREF VTT̃ № Ȃ  

̆  

̂ZT̃ = ̂ᶫ  x ᶛ̃ / ̂ 50%̃ éé..éé. (1)  

҉ Ὲ ⌠ ᶫ ‗ԍ VOH-VIH VOL-VIL Ȃ ≢ Ȃ ₮

℗ ̆ ҹ ‖ ȂẊ ҩ ₮ ҹ 20 mĂ↕ 100 ҩ ₮ ℗ Ȃ ≢Ẋ

ҹ VDDQ 10%̂ ҹ 1.2 ṼȂ Ӈ̆ ⌠ QDR-IV ҹ120 mÝȂ  

ῒ ̆ᴏ Ȃ ΐ̂ Cadence SIGRITỸ ESR/ESL̂ ̃ Ȃ

‗ԍ ȁ ȁ Ȃ  

Ҋ ᶛ ӈ Ҭ Ȃ ᴪ Ҍ ᴏ Ḃץ̆ ⌠ ̂ ҉ ̃

Ȃ 
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14. VDDQ ̂ ̃ 

 

̆ ΐҬ ⱴ Ȃ ҩ ᾢ ̆ ֓ ‗ԍ ȂҊ

֓ Ȃ ̂VRM̃ ṿ ̆ VRM ῒ ṿӞ Ȃ ᵞ

Ҋ ᵞ̆ ӊ֞ ̕ Ҋᶏ Ȃ ҉ ̆ ץ Ȃ

℗ Ҋ ᴏ Ȃ VRM ԍᴏ ȂVRM ץ ̂ 0.001 ̃

Ȃ ̆VRMӞ ᶏץ SPICE ȂVRM ᵞԅ Ȃ 

15.  

 

ҹԅ ҹ 1066 MHz ̂ZẼᵞԍ 120 mɋ Ȃ 

16 Ҭ ̆ ̂ZT̆ ̃ҹ 120 mɋ̆ ̂FT̆ ̃ҹ 1000 MHẑץ 0 ⌠ 1 

GHz ̃̆ ῤ ̂ZĔ ̃ ԍ ZT̆ ̂ 15̃ ̃

VDDQ Ȃ  
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16. ᴏ  

 
 

℗ ᴏ Ḡ Ȃ 

ᶏץ ᴏ ΐҹ VDDȁVREFץ VTT ≢ Ȃ ‗ԍ ᴆ Ȃ ̆

ҹ ῏ ṿ╠ ᴏ Ȃ  

6.3.1  Ҭ ῏   

SRAM ᵬ Ȃ ̆ ṿ ҉Ȃ  

Á ᶏ ҍ Ȃ PCB Ҭ̆ ᾧ PCB ̆ ҹ ᴪױ ⱴ Ȃ  

Á ᵞԍῒז ̆ ץ Ȃ  

Á ᾛ ̆ ᴆ ѿᶷȂ  

Á ṿ ⁞ Ḃᶏץ̆ ᴆ / Ȃ  

Á Ḡ ṿ ̆ ԅ Ҭ ᶫᵞ Ȃ 

6.3.2    

Ҍ ᶏḤ ᴰ ̆ ᴪ ᴪ Ȃ ᴪ ꜚ ̂ ԍ ṿ

ᵝ̃̆ Ȃҹԅ Ḥ ̆Ḥ ҍ Ȃ  

QDR-IVҹ ȁ ȁ ץפ ῀ HSTL/SSTL̂ҍ JESD8-16AῚ ̃ POD̂ҍ JESD8-24Ὶ ̃

Ḥ̕פ Ḥפΐ ҉ ̂ODT̃ⱳ Ȃᶏ QDR-IVҬ ODTⱳ ̆− ҉ ̆

׆ ԅ Ȃ Ӟ ץ ODTⱳ ̆ Ḡ ҉ ԍ ῀Ḥ Ȃ  

Ҋ QDR-IV Ȃ  

 HSTL/SSTL Ḥ  

QDR-IV ΐ Ḥפ Ȃ ⱴ ҉ ⌠ VTT Ȃ 17

҉ ̆ῒҬ ̂R1̃ ⌠ ̂VTT̃҉Ȃ Ҭ̆ ̂VTT̃̆

Ḃᶏץ ₮ ꜚ ץ ᵞ Ḥ ⌠ Ȃᵖ ̆ VDDQȁ

Ḃҍץ̆ ₮ᴰ Ȃ 
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17. ᶏ ҹ50 Ý ҉  

 
 

 HSTL/SSTL Ḥ  

QDR-IV ΐ Ḥ Ȃ 18 ҉ ̆ῒҬ ̂R1 R2̃

̂VTT̃Ȃ ҍ 17 Ҭ ҉ ᵌ̆ ѿҌ ң ҉

҉ Ȃ ҉ ҉ ̂ 18Ҭ ̃ ҉ Ȃ 

18. ᶏ ҹ50 Ý I/O ҉  

 

 HSTL/SSTL №Ḥ  

19 QDR-IV № ῀ Ȃ ̂R1 R2̃ ̂VTT̃

҉ Ȃ 

19. ᶏ ҹ50 Ý №Ḥ ҉  
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 POD Ḥפ  

POD ₮ ꜚ Ҋ ҉ Ȃ POD̆ץ Ḥ ѿҩ ҉ ҉ Ȃ ꜚ

҉ ҉ ҉ Ḥ ҉ ȂPOD Ḥפ ⱳ HSTL/SSTL̂ ҉  + Ҋ

̃Ḥפ ⱳ ᵞȂ  

₮ ꜚ ₮ ҹ 60 ɋ ҉ ̆Ҋ ꜚ ᶫ ҹ 40 ɋ Ҋ Ȃ 20ȁ 21

22№≢ POD ȁ №Ḥ Ȃ  

20. ᶏ ҹ60 ÝPOD Ḥ POD ҉  

 
 

21. ᶏ ҹ60 ÝPOD I/O ҉  

 

22. ᶏ ҹ60 ÝPOD №Ḥ ҉  

 
ṿ╠̆ Ḥ ̆ ҹ ṿ ‗ԍ ᴆ Ȃ ̆

ᶏ ᴆ̆ץḂ ᵞ ̆ ᵞ Ȃ 
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6.4  

ҹԅᴨ ̆ Ҋ ῤ ᵬȂ ץ̆’ ṿȂ  

Á CK/CK#ᵬҹ ̆ ᵀ ῒזḤ ҍ CK/CK# Ȃ  

Á ҩ ӊ ҩ ӊ ̆ ȁ ȁ ץ└ Ҍ +/- 50 ps Ȃ 

Á DKX CK ⌠ DKx ̂tCKDK̃̆ ғ ȁ פ Ḥ /Ḡ ̂ ҩ Ύ̃

ҍ Ȃ 

Á Ҭ̆ ӊ Ẓ Ҍ 5 ps̆ ғ ױ ҹ 11.4 mmȂ 

Á ȁ ȁ ץ└ ᶫԅ ҹ 50 ɋ +/- 10% ̆ Ҍ Ȃ

Ҭ ΐ ҹ 50 ɋ +/- 10% Ȃ  

Á QDR-IVҬ ҈ҩ № ̆ ץ № ֓ ΐױזḂᶏץ̆ ҹ 100 Ý № Ȃ

̆ Ḥ ῃ ̆Ҍ ᴋᵥẒ Ȃ  

Á DK/DK#Ώ QK/QK# ᴆ ҍ ῏ Ȃ ̆ ѿҩ PCB ҉ ֓ ῒ

̆ᶏ ױ Ẓ Ȃ 

Á ѿҩ PCB ҉ CK/CK#ȁ ץ פ Ȃ 

Á ᴏ ץ̆ Ḡױזӊ ᵌ ᵞ ῀ Ȃᶏ ̆ ׃ ̆ᶏῒ ҹ

50 ɋȂ Ḥ ᵝ Ḃץ̆ ᵞ ῀ Ȃ ᴏ Ҥ ұ ץ̆’ Ḡ

≢ Ȃ 

Á ῏ ↓̂BGÃ BGA Ḥ ̆ AN79938 ð 

↓̂BGÃ ᴆ  Ȃ 

6.5 ₮   

QKx QKx# ҍ ῏ Ȃ Ṑ DQx DINVx ᵬҹ ₮ ̆QKx QKx# ᵬ

ҹױז ᶏ Ȃ  

̆ Ḡ ԍ QDR-IV ᴆ̆ ҹ (tCK/2) 80%Ȃ ֓ ṿ ԍ

‗Ḃץ̆⅞ QDR-IV ᴆ №Ȃ 16 23 ҉ QDR-IV 

SRAM ᴆ ⌠ ṿȂ 

16. QDR-IV ̂ ̃ 

ᴆ 
 

̂tCK̃ 

 

̂tCK/2̃ 

’Ҋ ⌠

 

QDR-IV HP SRAM 
600 MHz = 1667 ps 834 ps 716 ps 

667 MHz = 1500 ps 750 ps 658 ps 

QDR-IV XP SRAM 
933 MHz = 1072 ps 536 ps 456 ps 

1066 MHz = 938 ps 469 ps 399 ps 
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23. x36 ᴆ ₮ ̂ Ḥ DQB[22]̃  
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