HB526C164EN Series

524,288-word x 64-bit X 2-bank Synchronous Dynamic RAM
Module

HITACHI

ADE-203-628A (Z)
Rev. 1.0
Feb. 7, 1997

Description

The HB526C164EN belongs to 8-byte DIMM (Dual In-line Memory Module) family, and has been
developed as an optimized main memory solution for 8-byte processor applications. The HB526C164EN is
a 512k X 64 x 2-bank Synchronous Dynamic RAM Module, mounted 4 pieces of 16-Mbit SDRAM
(HM5216165TT) sealed in TSOP package and 1 piece of serial EEPROM (24C02) for Presence Detect
(PD). An outline of the HB526C164EN is 168-pin socket type package (dual lead out). Therefore, the
HB526C164EN makes high density mounting possible without surface mount technology. The

HB526C164EN provides common data inputs and outputs. Decoupling capacitors are mounted beside each
TSOP on the module board.

Features

e 168-pin socket type package (dual lead out)
— Outline: 133.35 mm (Length) x 25.40 mm (Height) X 2.92 mm (Thickness)
— Lead pitch: 1.27 mm
* 3.3V power supply
e Clock frequency: 100 MHz / 83 MHz
¢ JEDEC standard outline unbuffered 8-byte DIMM
e LVTTL interface
e Data bus width: X 64 (Non parity) bit
e 2 Banks can operates simultaneously and independently
* Burst read/write operation and burst read/single write operation capability
¢ Programmable burst length: 1/2/4/8/full page
e Programmable burst sequence
— Sequential/interleave
¢ Full page burst length capability
— Sequential burst
— Burst stop capability
» Programmable CE latency: 2/3
¢ Byte control by DQMB
e 4096 refresh cyclcs: 64 ms
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HB526C164EN Series

e 2 variations of refresh
— Auto refresh
— Self refresh

Ordering Information

Type No. Frequency Package Contact pad
HB526C164EN-10 100 MHz 168-pin dual lead out socket type Gold
HB526C164EN-12 83 MHz

Pin Arrangement

168 pin

HITACH]
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HB526C164EN Series

Pin Arrangement

Pin No. Pinname Pin No. Pinname Pin No. Pinname Pin No. Pin name

Vs 43 Vs 85 Vs 127 Vs
2 DQO 44 NC 86 DQ32 128 CKEO
3 DQ1 45 S2 87 DQ33 129 NC
4 DQ2 46 DQMB2 88 DQ34 130 DQMB6
5 DQ3 47 DQMB3 89 DQ35 131 DamMB7
6 Voo 48 NC 90 Voo 132 NC
7 DQ4 49 Voo 91 DQ36 133 Voo
8 DQ5 50 NC 92 bQ37 134 NC
9 DQs 51 NC 93 DQ38 135 NC
10 DQ7 52 NC 94 DQ39 136 NC
11 DQs8 53 NC 95 DQ40 137 NC
12 Ves 54 Vs 96 Vg 138 Ves
13 DQg 55 DQi6 97 DQ41 139 DQ48
14 DQ10 56 DQ17 98 DQ42 140 DQ49
15 DQ11 57 DQ18 99 DQ43 141 DQ50
16 DQ12 58 DQ19 100 DQ44 142 DQ51
17 DO13 59 Voo 101 DQ45 143 Voo
18 Voo 60 DQ20 102 Voo 144 DQ52
19 DQ14 61 NC 103 DQas 145 NC
20 DQ15 62 NC 104 DQ47 146 NC
21 NC 63 NC 105 NC 147 NC
22 NC 64 Ves 106 NC 148 Vs
23 Vss 65 DQ21 107 Ve 149 DQ53
24 NC 66 DQ22 108 NC 150 DQ54
25 NC 67 DQ23 109 NC 151 DQ55
26 Voo 68 Vs 110 Vo 152 Vs
27 W 69 DQ24 111 CE 153 DQ56
28 DQMBO 70 DQ25 112 DQMB4 154 DQs57
29 DQMBH1 71 DQ26 113 DQMB5 155 DQ58
30 So 72 DQ27 114 NC 156 DQ59
31 NC 73 Voo 115 RE 157 Voo
32 Vs 74 DQ28 116 Vs 158 DQ6O
33 A0 75 DQ29 117 Al 159 DQ61
34 A2 76 DQ30 118 A3 160 DQ62
35 A4 77 DQ31 119 A5 161 DQ63
36 A6 78 Ves 120 A7 162 Vee
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Pin No. Pin name Pin No. Pin name  Pin No. Pinname Pin No. Pin name
37 A8 79 CK2 121 A9 163 CK3

38 A10(AP) 80 NC 122 A1l (BA) 164 NC

39 NC 81 NC 123 NC 165 SAO0

40 Voo 82 SDA 124 Voo 166 SA1

41 Voo 83 SCL 125 CK1 167 SA2

42 CKO 84 Voo 126 NC 168 Voo

Pin Description

Pin name Function

A0 to A11 Address input

Row address: A0 to A10
Column address: A0 to A7
Bank select address: A11

DQO to DQB63 Data input/output
50,52 Chip select input
RE Row enable (RAS) input
CE Column enable (CAS) input
Y Write enable input
DQMBO0 to DQMB7 Byte data mask
CKO to CK3 Clock input
CKEO Clock enable input
SDA Data input/output for serial PD
SCL Clock input for serial PD
SAQ to SA2 Serial address input
Voo Primary positive power supply
Vss Ground
NC No connection
4
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HB526C164EN Series

Serial PD Matrix*'
Byte No. Function described Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Comments
0 Defines number of bytes written into 1 0 0 o O 0O o0 o 128
memory at module mfgr
1 Total number of bytes of SPD 0 0 0 0 1 0 O 0 256byte
memory device
2 Fundamental memory type 0 0 0 0o o0 1 0 0 SDRAM
3 Number of row addresses on this 0 0 0 0 1 0 1 1 11
assembly
4 Number of column addresses on this 0 0 0 0 1 0 0 0 8
assembly
5 Number of banks on this assembly 0 0 0 0 0 0 0 1 1
6 Data width of this assembly 0 1 0 0O 0 0 O 0 64
7 Data width continuation 0 0 0 0 0 0 0 0
8 Voltage interface standard of this 0 0 0 0 0 0 0 1 LVTTL
assembly
9 SDRAM cycletime at max (CL=x) 1 1 0 0 0 0 0 0 CL=3
12ns
10 SDRAM access from Clock 1 0 0 1 0 0 0 0 CL=3
9ns
11 DIMM configuration type 0 0 0 0 0 0 0 0 Non parity
12 Refresh rate/type 1 0o o 0 0 0 0 0 Normal
(15.625 us)
Self refresh
13 SDRAM width, primary DRAM 0 0] 0 1 0 0 o 0 iMx 16
14 Error checking SDRAM data width 0 0 0 0 0] 0 0
15 Minimum clock delay, 0 0 0 0 0 0 0 1 1CLK
back-to-back random column
addresses
16 Burst lengths supported 1 o] 0 0 1 1 1 1 1,2, 4, 8, full
page
17 Number of banks on each SDRAM 0 0 0 0 0 (o} 1 0 2
device
18 CE number of latenciessupported 0 0 0 0 O 1 1 0 2,3
19 CS number of latency 6 o0 0 O O o0 0 1 0
20 W number of latency 0o o o o o o0 0 1 0
21 SDRAM device attributes 0 0 0 0 0 0 0 0 Non buffer
22 SDRAM device attributes: General 0 0 0 0 1 1 1 0 Ve = 10%
23 Minimum cycle time (CL = x— 1) 1 1 1 1 0 0 0 0 CL=2
15 ns
24 Maximum data access from clock 1 0 0 1 0 1 0 1 CL=2
(CL=x-1)
9.5ns
5
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Byte No. Function described

Bit7 BIt6 Bit5 Bit4 Bit3 Bit2 Bit1 BIt0 Comments

25 Minimum clock cycle time (CL=x— 1 1 1 1 1 1 1 1
? Undefined
26 Maximum data access from clock 1 1 1 1 1 1 1 1
(CL=x-2)
Undefined
27 Minimum row precharge time 0 0 0 1 1 1 0 30ns
28 Minimum row active to row active 0o o 1 0 1 0 0 20 ns
delay
29 Minimum RE to CE delay o o0 oO 1 1 1 1 0 30ns
30 Minimum RE pulse width (¢} 0 1 1 1 1 0 0 60 ns
31 Module bank density 0 0 0 0 0 (o} 1 0 8M byte
32to 61 Superset information 1 1 1 1 1 1 1 1 *2
62 SPD revision 0 0 0 0 0 0 0 0
63 Checksum for bytes 0 to 62 1 1 1 1 1 1 1 1
64 Manufacturers JEDEC IDcodeper 0 ©0 0 0 © 1 1 1 HITACHI: 07h
JEP - 106E
651071 Manufacturer's JEDEC ID code per 1 1 1 1 1 1 1 1 *2
JEP - 106E
72 Manufacturering location 0 1 0 0 1 0 1 0 JAPAN (J)
73 Manufacturer’s part number 0 1 0] 0 1 0 0 o0 H
74 Manufacturer's part number 0] 1 0 0 0 0 1 0 B
75 Manufacturer's part number 0 0 1 1 0 1 0 1 5
76 Manufacturer’s part number 0 0 1 1 0o 0 1 0 2
77 Manufacturer’s part number 0 0 1 1 0 1 1 0 6
78 Manufacturer’s part number 0 1 0 0 0 0 1 1 C
79 Manufacturer’s part number 0 0 1 1 0 0 0 1 1
80 Manufacturer’s part number 0 0 1 1 0 1 1 0 6
81 Manufacturer’s part number 0 0 1 1 0 1 0 0 4
82 Manufacturer’s part number 0 1 (o} 0 0 1 0 1 E
83 Manufacturer’s part number 0 1 0 0 1 1 1 0 N
84 Manufacturer’s part number 0 1 0 1 1 1 1 1 —_—
85 Manufacturer's part number 0 0 1 1 0 0 0 1 1
86 Manufacturer's part number 0 0 1 1 0 0 0 0 ©
87 to 80 Manufacturer's part number 0 0 1 0 0 0 0 0 Space
91 Revision code 0 0 1 1 0 0 0 0 Initial
92 Revision code 0 0 1 0 0 0 0 0 Space
93 Manufacturering date *3 Year code
94 Manufacturering date *3 Weak code
6
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Byte No. Function described

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Comments

95t0 98 Assembly serial number **

99 to 125 Manufacturer specific data 1 1 1 1 1 1 1 *2

126 Intel specification frequency 0 1 1 (o} 0 1 0 66MHz
127 Intel specification CE# 0 0 0 0 0 1 0 CL=2,3

Notes: 1. All serial PD data are not protected. 0: Serial data, “driven Low”, 1: Serial data, “driven High”
2. All bits of bytes 32 through 61, bytes 65 through 71 and 99 through 125 are defined “1".
3. Bytes 93 (Manufacturering date - Year code): ex. Year 1996 -> 60h, Year 1997 -> 61h.
Bytes 94 (Manufacturering date - Week code): ex. Week 11 -> 0Bh, Week 36 -> 24h.

4. Bytes 95 through 98 are production number.

Block Diagram

DQML
Absolute Maximum Ratings
Parameter Symbol Value Unit Note
Voltage on any pin relative to Vg Vs -0.5to +4.6 A 1
Supply voltage relative to Vg Vo -0.51t0 +4.6 A 1
Short circuit output current lout 50 mA
Power dissipation Py 4 w
Operating temperature Topr 0 to +65 °C
Storage temperature Tstg —55t0 +125 °C
Note: 1. V,, (max)=5.75V for pulse width < 5 ns.
Recommended DC Operating Conditions (Ta = 0 to +65°C)
Parameter Symbol Min Typ Max Unit Notes
Supply voitage Vo 3.0 3.3 3.6 Vv 1
Supply voltage Vs 0 0 0 v
Input high voltage Vi 2.0 — 4.6 \% 1,2
Input low voltage V. -0.3 — 0.8 \' 1,3

Notes: 1. All voltage referred to V¢
2. Vi (max)=5.5V for pulse width< 5 ns
3. V,_(min)=—1.0 V for pulse width < 5 ns

HITACHI
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DC Characteristics (Ta = 0 to 65°C, V,, =33V +03V,V,=0V)

HB526C164EN
-10 =12
Parameter Symbol Min Max Min Max Unit Test conditions Notes
Operating current lea —_ 520 — 420 mA Burstlength=1 1,2,4
tac = min
Standby current leco — 12 — 12 mA CKE=V,, 5
(Bank Disable) tex = min
Standby current becz —_ 8 — 8 mA CKE=V, 6
(Bank Disable) CK =V, orV,, Fixed
Standby current Veea — 200 — 164 mA CKE=V,, 3
(Bank Disable) NOP command
tex = min
Active standby current lees _ 28 —_— 28 mA CKE=V, 1,2
(Bank active) to = min,
DQ = High-Z
Active standby current lees —_ 204 — 172 mA CKE=V,, 1,2,3
{Bank active) NOP command
tex = Min,
DQ = High-Z
Burst operating current
(CE Latency = 2) locs — 400 — 340 mA ty,=min,BL=4 1,2,4
(CE Latency = 3) lecs — 600 — 500 mA
Refresh current lecs —_ 340 — 280 mMA  tg.=min
Self refresh current loce — 8 —_ 8 mA  V,2V,,-02 7
V,.202V
Input leakage current y -10 10 -10 10 HA 0<VingVy,
Output leakage current lo -10 10 —10 10 pA  0<VoutsVy,
DQ = disable
Output high voltage Von 24 V, 24 V,, V low =—2 MA
Output low voltage Vo 0 04 O 04 Vv lo, =2 mA

Notes: 1. |, depends on output load condition when the device is selected.

output open condition.

NoosMDb

One bank operation.
Input signal transition is once per two CK cycles.
Input signal transition is once per one CK cycle.
After power down mode, CK operating current.
After power down mode, no CK operating current.
After self refresh mode set, self refresh current.

HITACHI
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Capacitance (Ta =25°C, V,; =33V +03V)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) C, — 40 pF 1,3
Input capacitance (RE, CE, W, CK, CKE) C, — 40 pF 1,3
Input capacitance (S) Cu — 30 pF 1,3
Input capacitance (DQMB) C, — 25 pF 1,3
Input/Output capacitance (DQ) Cio —_— 20 pF 1,2,3

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. DQMB = V,, to disable Dout.
3. This parameter is sampled and not 100% tested.
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AC Characteristics (Ta= 010 65°C, V,, =33V +03V,V,=0V)

HB526C164EN

-10 -12
Parameter Symbol Min Max Min Max Unit Notes
System clock cycle time (CE Latency =2) t, 15 — 18 — ns 1
System clock cycle time (CE Latency = 3) t, 10 — 12 —_ ns 1
CK high pulse width town 3 — 4 —_ ns 1
CK low pulse width tow 3 — 4 — ns 1
Access time from CK (CE Latency = 2) tac — 9.5 — 12 ns 1,2
Access time from CK (CE Latency = 3) tic — 75 —_ 9 ns 1,2
Data-out hold time ton 3 — 3 — ns 1,2
CK to Data-out low impedance e (0} —_— 0 —_ ns 1,2,3
CK to Data-out high impedance tz — 7 —_ 9 ns 1,4
Data-in setup time tos 2 —_ 3 — ns 1
Data in hold time ton 1 — 1 — ns 1
Address setup time tas 2 — 3 — ns 1
Address hold time tan 1 — 1 — ns 1
CKE setup time tees 2 — 3 — ns 1,5
CKE setup time for power down exit teese 2 —_ 3 — ns 1
CKE hold time teen 1 — 1 — ns 1
Command setup time tes 2 — 3 — ns 1
Command hold time ten 1 — 1 — ns 1
Ref/Active to Ref/Active command period  t,.. 90 —_ 108 - ns 1
Active to precharge command period thas 60 120000 72 120000 ns 1
Active to precharge on full page mode taase — 120000 — 120000 ns 1
Active command to column command taco 30 — 36 — ns 1
(same bank)
Precharge to active command period tee 30 — 36 — ns 1
Write recovery or data-in to precharge lead t,,, 15 — 18 — ns 1
time
Active (a) to Active (b) command period trmo 20 — 24 — ns 1
Transition time (rise to fall) t; 1 5 1 5 ns
Refresh period trer - 64 — 64 ms

Notes: 1. AC measurement assumes t; = 1 ns. Reference level for timing of input signals is 1.40 V.
2. Access time is measured at 1.40 V. Load condition is C, = 50 pF with current source.
3. t; (max) defines the time at which the outputs achieves the low impedance state.
4. t,; (max) defines the time at which the outputs achieves the high impedance state.
5. tees defines CKE setup time to CKE rising edge except power down exit command.

10
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Test Conditions

* Input and output timing reference levels: 1.4 V
¢ Input waveform and output load: See following figures

- 28V C . 80% e 500 @
inpu Py T~ o A
ves T N me oMo sy
o L cL
o il
tr tr
1
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Relationship Between Frequency and Minimum Latency

HB526C164EN
Parameter =10 -12
Frequency (MHz) 100 66 33 83 55 28
t. (nNS) Symbol 10 15 30 12 18 36  Notes
Active command to column command t.e, 3 2 1 3 2 1 1
(same bank)
Active command to active command  t.. 9 6 3 9 6 3 = [taas + toe)
(same bank) 1
Active command to precharge tras 6 4 2 6 4 2 1
command (same bank)
Precharge command to active tre 3 2 1 3 2 1 1
command (same bank)
Write recovery or data-in to tore 2 1 1 2 1 1 1
precharge command (same bank)
Active command to active command  tgeg 2 2 1 2 2 1 1
(different bank)
Self refresh exit time | srex 2 2 2 2 2 2 2
Last data in to active command |apw 51 3 2 5 3 2 = [tom + trel
(Auto precharge, same bank)
Self refresh exit to command input lsec 9 6 3 9 6 3 = [tacl
Precharge command to high lyizp 3 3 3 3 3
impedance (CE latency = 3)
Precharge command to high lyyzp —_— 2 2 — 2 2
impedance (CE latency = 2)
Last data out to active command lapn 1 1 1 1 1 1
(auto precharge) (same bank)
Last data out to precharge (early lep -2 -2 -2 ~2 -2 -2
precharge) (CE latency = 3)
Last data out to precharge (early lep — —1 —1 — —1 -1
precharge) (CE latency = 2)
Column command to column Yeco 1 1 1 1 1 1
command
Write command to data in latency lwen 0 0 0 0 0 0
DQMB to data in oo 0 0] 0 0 0 0
DQMB to data out Voo 2 2 2 2 2 2
CKE to CK disable loe 1 1 1 1 1 1
Register set to active command tasa 1 1 1 1 1 1
S to command disable Yeon 0 0 0 0 0 0
Power down exit to command input |, 1 1 1 1 1 1
Burst stop to output valid data hold lasn 2 2 2 2 2 2

(CE latency = 3)

12
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HB526C164EN
Parameter -10 -12
Frequency (MHz) 100 66 33 83 55 28
tex (nS) Symbol 10 15 30 12 18 36 Notes
Burst stop to output valid data hold ~ 15¢, — 1 1 — 1 1
(CE latency = 2)
Burst stop to output high impedance I, 3 3 3 3 3 3
(CE latency = 3)
Burst stop to output high impedance |, — 2 2 — 2 2
(CE latency = 2)
Burst stop to write data ignore lasw 0 0 0 0 0 0

Notes: 1. 1y t0 tae, are recommended value.
2. When self refresh exit is executed, CKE should be kept “H” longer than |y, from exit cycle.

Pin Functions

CKO (input pins): CK is the master clock input to this pin. The other input signals are referred at CK
rising edge.

§0, S2 (input pins): When S is Low, the command input cycle becomes valid. When S is High, all inputs
are ignored. However, internal operations (bank active, burst operations, etc.) are held.

RE, CE, and W (input pins): Although these pin names are the same as those of conventional DRAM
modules, they function in a different way. These pins define operation commands (read, write, etc.)
depending on the combination of their voltage levels. For details, refer to the command operation section.

A0 to A10 (input pins): Row address (AX0 to AX10) is determined by A0 to A10 level at the bank active
command cycle CK rising edge. Column address (AYO to AY7) is dctermined by AO to A7 level at the
read or write command cycle CK rising edge. And this column address becomes burst access start address.
A0 defines the precharge mode. When A10 = High at the precharge command cycle, both banks are
precharged. But when A10 = Low at the precharge command cycle, only the bank that is selected by All
(BS) is precharged.

All (input pin): A1l is a bank select signal (BS). The memory array of the HB526C164EN is divided
into bank 0 and bank 1, both which contain 2048 row x 256 column x 16 bits. If A1l is Low, bank 0 is
selected, and if A11 is High, bank 1 is selected.

CKEO (input pins): This pin determines whether or not the next CK is valid. If CKE is High, the next CK
rising edge is valid. If CKE is Low, the next CK rising edge is invalid. This pin is used for power-down
and clock suspend modes.

DQMBO to DQMB?7 (input pins): Read operation: If DQMB is High, the output buffer becomes High-Z.
If the DQMB is Low, the output buffer becomes Low-Z.

Write operation: If DQMB is High, the previous data is held (the new data is not written). If DQMB is
Low, the data is written.

13
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HB526C164EN Series

DQO to DQ63 (DQ pins): Data is input to and output from these pins. These pins are the same as those of
a conventional DRAM module.

Voo (power supply pins): 3.3 V is applied.

Vss (power supply pins): Ground is connected.

Command Operation

Command Truth Table

The synchronous DRAM module recognizes the following commands sepcified by the S, RE, CE, W and
address pins.

CKE o A0D
Function Symbol n-1 n S RE CE W A11 A10 to A9
Ignore command DESL H X H X X x x X X
No operation NOP H x L H H H x x X
Burst stop in full page BST H X L H H L X X X
Column address and read command READ H X L H L H A" L v
Read with auto-precharge READA H X L H L H \'4 H \'4
Column address and write command  WRIT H X L H L L \ L A
Write with auto-precharge WRIT A H x L H L L \% H A
Row address strobe and bank act. ACTV H X L L H H \ \' \
Precharge select bank PRE H X L L H L v L X
Precharge all bank PALL H x L L H L X H x
Refresh REF/SELF H v L L L H X x X
Mode register set MRS H X L L L L v A2 \Y

Note: H: V,,. L: V,.> V,orV,. V: Valid address input

Ignore command [DESL): When this command is set (S is High), the synchronous DRAM module ignore
command input at the clock. However, the internal status is held.

No operation [NOP]: This command is not an execution command. However, the internal operations
continue.

Burst stop in full-page [BST]: This command stops a full-page burst operation (burst length = full-page
(256)), and is illegal otherwise. Full page burst continues until this command is input. When data
input/output is completed for a full-page of data (256), it automatically returns to the start address, and
input/output is performed repeatedly.

Column address strobe and read command [READ]: This command starts a read operation. In
addition, the start address of burst read is determined by the column address (AYO to AY7) and the bank
select address (BS). After the read operation, the output buffer becomes High-Z.

14
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Read with auto-precharge [READ A]: This command automatically performs a precharge operation
after a burst read with a burst length of 1, 2, 4, or 8. When the burst length is full-page (256), this
command is illegal.

Column address strobe and write command [WRIT]: This command starts a write operation. When the
burst write mode is selected, the column address (AYO to AY7) and the bank select address (A11) become
the burst write start address. When the single write mode is selected, data is only written to the location
specified by the column address (AYO to AY7) and the bank select address (A11).

Write with auto-precharge [WRIT A}: This command automatically performs a precharge operation
after a burst write with a length of 1, 2, 4, or 8, or after a single write operation. When the burst length i
full-page (256), this command is illegal.

Row address strobe and bank activate [ACTV]: This command activates the bank that is selected by
All (BS) and determines the row address (AX0 to AX10). When A1l is Low, bank 0 is activated. When
A1l is High, bank 1 is activated.

Precharge selected bank [PRE]: This command starts precharge operation for the bank selected by All.
If A1l is Low, bank O is selected. If A1l is High, bank 1 is selected.

Precharge all banks [PALL]: This command starts a precharge operation for all banks.

Refresh {[REF/SELF]: This command starts the refresh operation. There are two types of refresh

ocpration, the one is auto-refresh, and the other is self-refresh. For details, refer to the CKE truth table
section.

Mode register set [MRS): Synchronous DRAM module has a mode register that defines how it operates.
The mode register is specified by the address pins (A0 to A11) at the mode register set cycle. For details,
refer to the mode register configuration. After power on, the contents of the mode register are undefined,
execute the mode register set command to set up the mode register.

DQMB Truth Table

CKE
Function Symbol n-1 n DQMB
Write enable/output enable ENB H X L
Write inhibit/output disable MASK H X H

Note: H: V. L: V.x V,orV,.
loop IS Needed.

The HB526C164EN series can mask input/output data by means of DQMB During reading, the output
buffer is set to Low-Z by setting DQMB to Low, enabling data output. On the other hand, when DQMB is
set to High, the output buffer becomes High-Z, disabling data output. During writing, data is written by
setting DQMB to Low. When DQMB is set to High, the previous data is held (the new data is not written).
Desired data can be masked during burst read or burst write by setting DQMB. For details, refer to the
DQMB control section of the HB526C164EN operating instructions.

15
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CKE Truth Table
CKE _ -

Current state Function n1 n S RE CE W Address
Active Clock suspend mode entry H L H X X X X
Any Clock suspend L L X x X X X
Clock suspend  Clock suspend mode exit L H X % X X x
Idle Auto refresh command REF H H L L L H X
Idle Self refresh entry SELF H L L L L H X
Idle Power down entry H L L H H H X
Idie Power down entry H L H X X X X
Self-refres Self refresh exit SELFX L H L H H H X
Self-refres Self refresh exit SELFX L H H X X X X
Power down Power down exit L H L H H H X
Power down Power down exit L H H X x X X

Note: H: V. L: V. xt V, orV,.

Clock suspend mode entry: The synchronous DRAM module enters clock suspend mode from active
mode by setting CKE to Low. The clock suspend mode changes depending on the current status (1 clock
before) as shown below.

ACTIVE clock suspend: This suspend mode ignores inputs afier the next clock by internally maintaining
the bank active status.

READ suspend and READ A suspend: The data being output is held (and continues to be output).

WRITE suspend and WRIT A suspend: In this mode, external signals are not accepted. However, the
internal state is held.

Clock suspend: During clock suspend mode, keep the CKE to Low.

Clock suspend mode exit: The synchronous DRAM module exits from clock suspend mode by setting
CKE to High during the clock suspend state.

IDLE: In this state, all banks are not selected, and completed precharge operation.

Auto refresh command [REF]: When this command is input from the IDLE state, the synchronous
DRAM module starts auto refresh operation. (The auto refresh is the same as the CBR refresh of
conventional DRAM module.) During the auto refresh operation, refresh address and bank select address
are generated inside the synchronous DRAM module. For every auto refresh cycle, the internal address
counter is updated. Accordingly, 4096 times are required to refresh the entire memory. Before exicuting
the auto refresh command, all the banks must be in the IDLE state. In addition, since the precharge for all
banks is automatically performed after auto refresh, no precharge command is required after auto refresh.

Self refresh entry [SELF]: When this command is input during the IDLE state, the synchronous DRAM
module starts self refresh operation. After the execution of this command, self refresh continues while

16
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HBS526C164EN Series

CKE is Low. Since self refresh is performed internally and automatically, external refresh operations are
unnecessary.

Power down mode entry: When this command is executed during the IDLE state, the synchronous

DRAM module enters power down mode. In power down mode, power consumption is suppressed by
cutting off the initial input circuit.

Self refresh exit: When this command is executed during self refresh mode, the synchronous DRAM

module can exit from self refresh mode. After exiting from self refresh mode, the synchronous DRAM
module enters the IDLE state.

Power down exit: When this command is executed at the power down mode, the synchronous DRAM

module can exit from power down mode. After exiting from power down mode, the synchronous DRAM
module enters the IDLE state.

Function Truth Tables

The following table shows the operations that are performed when each command is issued in each mode of
the synchronous DRAM module.

State: Precharge

S RE CE w Address Command Operation
H X x x X DESL Enter IDLE after t.
L H H H X NOP Enter IDLE after t,,
L H H L X BST NOP
L H L H BA, CA, A10 READ/READ A ILLEGAL
L H L L BA, CA, A10 WRIT/WRIT A ILLEGAL
L L H H BA, RA ACTV ILLEGAL
L L H L BA, A10 PRE, PALL NOP
L L L H x REF, SELF ILLEGA
L L L L MODE MRS ILLEGAL
17
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State: Idle
S RE CE w Address Command Operation
H X X X X DESL NOP
L H H H x NOP NOP
L H H L X BST NOP
L H L H BA, CA, A10 READ/READ A ILLEGAL
L H L L BA, CA, A10 WRIT/WRIT A ILLEGAL
L L H H BA, RA ACTV Bank and row active
L L H L BA, A10 PRE, PALL NOP
L L L H X REF, SELF Refresh
L L L L MODE MRS Mode register set
State: Row active
S RE CE w Address Command Operation
H x X X X DESL NOP
L H H H x NOP NOP
L H H L x BST NOP
L H L H BA, CA, A10 READ/READ A Begin read
L H L L BA, CA, A10 WRIT/WRIT A Begin write
L L H H BA, RA ACTV Other bank active
ILLEGAL on same bank**

L L H L BA, A10 PRE, PALL Precharge

L L X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
18
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State: Read
S RE CE w Address Command Operation
H X X x x DESL Continue burst to end
L H H H x NOP Continue burst to end
L H H L X BST Burst stop to full page
L H L H BA, CA, A10 READ/READ A Continue burst read to CE latency
and new read
L H L L BA, CA, A10 WRIT/WRIT A Term burst read/start write
L L BA, RA ACTV Other bank active
ILLEGAL on same bank*®
L L BA, A10 PRE, PALL Term burst read and Precharge
L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
State: Read with auto-precharge
S RE CE w Address Command Operation
H x X x X DESL Continue burst to end and precharge
L H H H X NOP Continue burst to end and precharge
L H H L X BST ILLEGAL
L H L H BA, CA, A10 READ/READ A ILLEGAL
L H L L BA, CA, A10 WRIT/WRIT A ILLEGAL
L L H H BA, RA ACTV Other bank active
ILLEGAL on same bank™®
L L L BA, A10 PRE, PALL ILLEGAL
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
19
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State: Write
S RE CE w Address Command Operation
H X x X x DESL Continue burst to end
L H H H X NOP Continue burst to end
L H H L X BST Burst stop on full page
L H L H BA, CA, A10 READ/READ A Term burst and new read
L H L L BA, CA, A10 WRIT/WRIT A Term burst and new write
L L H H BA, RA ACTV Other bank active
ILLEGAL on same bank*
L H L BA, A10 PRE, PALL Term burst write and precharge*?
L L L H X REF, SELF ILLEGAL
L L L MODE MRS ILLEGAL
State: Write with auto-precharge
] RE CE w Address Command Operation
H X x x x DESL Continue burst to end and precharge
L H H H X NOP Continue burst to end and precharge
L H H L X BST ILLEGAL
L H L H BA, CA, A10 READ/READ A ILLEGAL
L H L L BA, CA, A10 WRIT/WRIT A ILLEGAL
L L H H BA, RA ACTV Other bank active
ILLEGAL on same bank*®
L H L BA, A10 PRE, PALL ILLEGAL
L H x REF, SELF ILLEGAL
L L MODE MRS ILLEGAL
20
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State: Refresh (auto refresh)

S RE CE w Address Command Operation

H X X x x DESL Enter IDLE after t..
L H H H X NOP Enter IDLE after t,,
L H H L X BST Enter IDLE after t,
L H L H BA, CA, A10 READ/READ A ILLEGAL

L H L L BA, CA, A10 WRIT/WRIT A ILLEGAL

L L H H BA, RA ACTV ILLEGAL

L L H L BA, A10 PRE, PALL ILLEGAL

L L L H x REF, SELF ILLEGAL

L L L L MODE MRS ILLEGAL

Notes: 1. H: V. Lt V. xt V,orV,.
The other combinations are inhibit.
2. Aninterval of t_is required between the final valid data input and the precharge command.

3. If tae is Nt satisfied, this operation is illegal.
From [PRECHARGE]
To [DESL], [NOR] or [BST]: When these commands are executed, the synchronous DRAM module
enters the IDLE state after tgp has elapsed from the completion of precharge.
From [IDLE]
To [DESL], {NOP], [BST], [PRE] or [PALL]: These commands result in no operation.
To [ACTV]: The bank specified by the address pins and the ROW address is activated.
To [REF], [SELF]: The synchronous DRAM module enters refresh mode (auto refresh or self refresh).

To [MRS]: The synchronous DRAM module enters the mode register set cycle.

From [ROW ACTIVE]

To [DESLY], [NOP] or [BST]: These commands result in no operation.

To [READ], [READ A]: A read oepration starts. (However, an interval of tyep is requried.)
To [WRIT], [WRIT A}: A write operation starts. (However, an interval of trep 1S required.)

To [ACTV]: This command makes the other bank active. (However, an interval of tygp is required.)
Attempting to make the currently active bank active results in an illegal command.

To [PRE], [PALL]: These commands set the synchronous DRAM module to precharge mode. (However,
an interval of tg,g is required.)
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From [READ]
To [DESL], [NOP]: These commands continue read operations until the burst operation is completed.
To [BST]: This command stops a full-page burst.

To [READ], [READ A]: Data output by the previous read command continues to be output. After CE
latency, the data output resulting from the next command will start.

To [WRIT], [WRIT A): These commands stop a burst read, and start a write cycle.

To [ACTV]: This command makes other banks bank active. (However, an interval of tggp, is requried.)
Attempting to make the currently active bank active results in an illegal command.

To [PRE], [PALL]: These commands stop a burst read, and the synchronous DRAM module enters
precharge mode.
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From [READ with AUTO PRECHARGE]

To [DESL], [NOP]: These commands continue read operations until the burst operation is completed, and
the synchronous DRAM module then enters precharge mode.

To [ACTV]: This command makes other banks bank active. (However, an interval of tggy is required.)
Attempting to make the currently active bank active results in an illegal command.

From [WRITE]

To [DESL], [NOP}: These commands continue write operations until the burst operation is completed.
To [BST]: This command stops a full-page burst.

To [READ], [READ A}]: These commands stop a burst and start a read cycle.

To [WRIT], [WRIT A): These commands stop a burst and start the next write cycle.

To [ACTV]: This command makes the other bank active. (However, an interval of tygp, is required.)
Attempting to make the currently active bank active results in an illegal command.

To [PRE), [PALL): These commands stop burst write and the synchronous DRAM module then enters
precharge mode.
From [WRITE with AUTO-PRECHARGE]

To [DESL], [NOP]: These commands contimie write operations until the burst is completed, and the
synchronous DRAM module enters precharge mode.

To [ACTV]: This command makes the other bank active. (However, an interval of ¢ is required.)
Attempting to make the currently active bank active results in an illegal command.
From [REFRESH}

To [DESL], [NOP], [BST): After an auto-refresh cycle (after tyc), the synchronous DRAM module
automatically enters the IDLE state.
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Simplified State Diagram

REFRESH [ auto ™!
REFRESH
CKE
CKE
ACTIVE ACTIVE
ROW
BST ACTIVE BST
(on tull page) {on full page)
Write n Read
WITH
CKE_’ AP CKE
] T N —/*{ _HREAD
P WRITE =\ EE \ SUSPEND
WRITI \
WRITE A WITH AP READ
WITH AP WITH AP
CKE_ PRECHARGE CKE.
WRITEA READA
1 READA [~
PEND PEN|
sUS v ke \ SUSPEND
RRECHARGE | PRECHAR
POWER 3
APPLIED POC‘)"'/\‘EH PRECHARGH

PRECHARGE

—P» Automatic transition after completion of command.
—— Transition resulting from command input.

Note: 1. After the auto-refresh operation, precharge operation is performed automatically and enter the
IDLE state.

Mode Register Configuration
The mode register is set by the input to the address pins (AO to A11) during mode register set cycles. The

mode register consists of five sections, each of which is assigned to address pins.

24
HITACHI]

B 4495203 0031515 119 N




HB526C164EN Series

All, A10, A9, A8: (OPCODE): The synchronous DRAM module has two types of write modes. One is
the burst write mode, and the other is the single write mode. These bits specify write mode.

Burst read and BURST WRITE: Burst write is performed for the specified burst length starting from the
column address specified in the write cycle.

Burst read and SINGLE WRITE: Data is only written to the column address specified during the write
cycle, regardless of the burst length.

A7: Keep this bit Low at the mode register set cycle.
A6, A5, A4: (LMODE): These pins specify the CE latency.

A3: (BT): A burst type is specified. When full-page burst is performed, only “sequential” can be
selected.

A2, A1, A0: (BL): These pins specify the burst length.

A1 l A10 l A9 I A8 | A7 | A6 | A5 l Ad | A3 | A2 | Al | AOQ
OPCODE 0 LMODE BT BL
A6| A5| A4|CE Latency A3 | Burst Type Burst Length
0] 0/ O R 0 | Sequential A2l A1 | AO BT=0 | BT=1
0] 0 1 — 1 | Interleave 0] 0 o 1 1
ol 1| o 2 ol o} 1 2 2
o] 1| 1 3 ol 1] o a4 4
1] X[ X R 0| 1] 1 8 8
1{ 0| O R R
A11 {A10| A9 | A8 | Write mode 1] 0] 1 R R
0 0 0 0 | Burst read and burst write 11 1] 0 R R
X X ) 1 R 1 1 1 F.P. R
X X 1 0 | Burst read and SINGLE WRITE F.P. = Full Page
X X 1 1 R R is Reserved(inhibit)
X:0or1i
25
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Burst Sequence

Burst length = 2 Burst length = 4

Starting Ad.| Addressing(decimal) Starting Ad.| Addressing(decimal)
A0 Sequence | Interleave A1 | AO | Sequence Interieave
0 0, 1, o, 1, 0 010 1, 2 3§ 0, 1, 2, 3
1 1, 0, 1, 0, 0 1 1, 2, 3, 0, 1, 0, 3, 2,
1 012 301, 2,30 1,
1 113 0, 1,2 3,2 1,0,

Burst length = 8

Starting Ad. Addressing(decimal)

A2| A1 | AO| Sequence Interleave

0] O 010 1,2 3,465 6,7 |0 1,2 3, 4,5, 6, 7
0] © 111, 2 3,45, 6, 7, 0, 1, 0, 3, 2, 5 4, 7, 6,
0 1 0l 2 3,4 5 6,7 0, 1, 2, 3 0 1,6, 7, 4 5,
o] 1 113 4,5 6,7, 0,1, 2 |32 1,0, 7, 6 5, 4,
1 0 0f 4 5,86 7,0 1, 2, 3, 4, 5,8, 7, 0, 1, 2, 3,
1 0 11 5.6, 7,0 1, 2, 3, 4, 5 4, 7, 6,1, 0, 3, 2,
1 1 0|6, 7,0 1,2 3, 4,5, 6, 7, 4,5 2 3,01,
1 1 117, 0,1, 2 3, 4, 5, 6, 7, 6, 5 4, 3 2 1, 0,

Operation of HB526C164EN Series

Read/Write Operations

Bank active: Before executing a read or write operation, the corresponding bank and the row address must
be activated by the bank active (ACTV) command. Either bank 0 or bank 1 is activated according to the
status of the A1l pin, and the row address (AXO0 to AX10) is activated by the A0 to A10 pins at the bank

active command cycle. An interval of tgep is requried between the bank active command input and the
following read/write command input.

Read operation: A read operation starts when a read command is input. Qutput buffer becomes Low-Z in
the (CE Latency-1) cycle after read command set. HB526C164EN series can perform a burst read
operation. The burst length can be set to 1, 2, 4, 8 or full-page (256). The start address for a burst read i
specified by the column address (AYO to AY7) and the bank select address (A11) at the read command set
cycle. In a read operation, data output starts after the number of cycles specified by the _(fLatency. The
CE Latency can be set to 2 or 3. When the burst length is 1, 2, 4, or 8, the Dout buffer automatically
becomes High-Z at the next cycle after the successive burst-length data has been output. When the burst
length is full-page (256), data is repeatedly output until the burst stop command is input. The CE latency
and burst length must be specified at the mode register.
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CE Latency

o [ LTy
'RCD
Command W acTv X X reapX
T
1 1
Address >< Riow X XC?!umrX

T Couto X out 1 Xout2 X out3)

Dout
Cl—a \/oul 0 X outD( out 2X out 3>
- CL: CE Latency
Burst Length=4
Burst Length
oK AT T I

tRcD
Command —aerax a5 S —

I . —— T
Address CRow X Xeolump

{out 0 e ———
BL=1 ot/
< out 0X out 1)~ e ——— el
BL=2
Dout out 0 ) e ——— T T — e
BLo2 (out T out 2)
P out 0X out 1out 2Xout 3Kout 4X Ut BXGUE EY(EUE 7y——— -+~~~ - -
out 0X out Yout 2Xout 3Xout 4X out SXout &) ott 7)(out B ---~----- -
BL =full page R
Pes BL: Burst Length
CE Latency = 2

Write operation: Burst write or single write mode is selected by the OPCODE (A11, A10, A9, AR) of the
mode register.

Burst write

A burst write operation is enabled by setting OPCODE (A9, A8) to (0, 0). A burst write starts in the same
cycle as a write command set. (The latency of data input is 0.) The burst length can be set to 1, 2, 4, 8, and

full-page, like burst read operations. The write start address is specified by the column address (AYO to
AY7) and the bank select address (A11) at the write command set cycle.
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' 'pep
Command ~ XacrX__XWAr> T e

cK Wm

Address {Row X Xeoum ————

TR ———
BL=1 Bt
(inoX(in1 e
BL=2
o e
TS CT CT) €T CYY CY) G CI2 SR
(in0Xin1 Xin2 Xin3Xin4 Xin5 Xin6 Xin7 Xin8)-----------~-- Gazss)(in0 Xin 1 x>
BL = full page CE Latency =2, 3
Single write

A single write operation is enabled by setting OPCODE (A9, A8) to (1, 0). In a single write operation, data
is olny written to the column address (AYO to AY7) and the bank select address (A11) specified by the
write command set cycle without regard to the burst length setting. (The latency of data input is 0).

< I O A

1

tRch
Command Xacv X XwrrX
‘ I

i i
Address X F:ow X >@¢ialumn><

Din —{ in0

CE Latency =2, 3
Burst Length = 1, 2, 4, 8 full page

Auto Precharge

Read with auto precharge: In this operation, since precharge is automatically performed after completing
a read operation, a precharge command need not be executed after each read operation. The command
executed for the same bank after the execution of this command must be the bank active (ACTV)
command. In addition, an interval defined by I,y is required before execution of the next command.

E latency Precharge start cycle

C
3 2 cycle before the final data is output
2

1 cycle before the final data is output
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CKMI_IWI—IWWI—TI—W

)
CL=2 Command _X_ READ X X _actv_ X
! )
| )
Dout ¢ outo X out1 K out2 3( out3 T
!
! APR
. ]
CL=3 Command :>< READ X X_acv X
T :
Dout o0 X ot X o X o
: : !
! i aPR

Note: Internal auto-precharge starts at the timing indicated by "« *.
At CLK = 50 MHz (I spg changes depending on the operating frequency.)

Write with auto precharge: In this operation, since precharge is automatically performed after
completing a burst write or single write operation, a precharge command need not be executed after each
write operation. The command executed for the same bank after the execution of this command must be
the bank active (ACTV) command. In addition, an interval of I,py is requried between the final valid data
input and input of the next command.

Burst Write (Burst Length = 4)

SURSE e e e Y Y e e Y e I e O

t
'
'
'

X ‘ACTV X

Command 3( WRIT ><
) \
) )
Din —<__in0 X__int X__in2 X___in3 :
) )
! >

laPw

Single Write

CK*J.—\_ﬁﬁﬁﬁhﬁﬁﬁr‘w
Command X :wan X X 'ACTV

Din —< in

i

IAPW
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Full-page Burst Stop

Burst stop command during burst read: The burst stop (BST) command is used to stop data output
during a full-page burst. The BST command sets the output buffer to High-Z and stops the full-page burst
read. The timing from command input to the last data changes depending on the CE latency setting. In

addition, the BST command is valid only during full-page burst mode, and is invalid with burst lengths 1,
2,4 and 8.

CE latency BST to valid data BST to high impedance
2 1 2
3 2 3

CE Latency = 2, Burst Length = full page

w1 L L L L

Command X BST X i
Dout >< out X out K out >< out 3( out X out
f_"’?' lgsn =2 cycle

'Bsn =1 cycle

L
_

CE Latency = 3, Burst Length = full page

- N S O T ]
Command X iBST ><
Dout >< out >< out X out out ‘K tlaut out }L?m

P 1= 3 cycle
lggR= 2 cycle

Burst stop command at burst write: The burst stop command (BST command) is used to stop data input
during a full-page burst write. No data is written in the same cycle as the BST command and in subsequent
cycles. In addition, the BST command is only valid during full-page burst mode, and is invalid with burst
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lengths of 1, 2, 4 and 8. And an interval of typ is requried between the BST command and the next
precharge command.

Burst Length = full page

o L L L L0 7 U J1
Command X BT X “XprrerPALLY

KO (input) 3( in X in

N

1
|
|
|
|
|
i

-

1DPL

I ggw = 0 cycle

Command Intervals
Read command to Read command interval:

Same bank, same ROW address: When another read command is executed at the same ROW address of
the same bank as the preceding read command execution, the second read can be performed after an
interval of no less than 1 cycle. Even when the first command is a burst read that is not yet finished, the
data read by the second command will be valid.

READ to READ Command Interval (same ROW address in same bank)

t L
Command X aem XX amm)(me)

: ;

| i

T
|
i

M DX OepeD
| {
BS(A1) _ N\ / N\ !

R

Dout ’ : {out ABYput BOXout B1)put B2)Xout B3
‘ X !
Bank0  Column =A Column=B Column=A Column =B CE Latency =3
Active Read Read Dout Dout Burst Length = 4

Bank0

Same bank, different ROW address: When the ROW address changes on same bank, consecutive read

commands cannot be executed; it is necessary to separate the two read commands with a precharge
command and a bank-active command.
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Different bank: When the bank changes, the second read can be performed after an interval of no less
than 1 cycle, provided that the other bank is in the bank-active state. Even when the first command is a
burst read that is not yet finished, the data read by the second command will be valid.

READ to READ Command Interval (different bank)

cK L UL L

i

L
Command  “aGvX__ XAV XREADXREAD)
| ! j

Address .
(A0-A10) Row 0 "‘T‘ _
L
Bsaty N L/ 7N\ 1/ |
! , N
1 |
Dout S
Banko Bank1 Bank0 Bankl BankQ Bank? CE Latency = 3
Active Active Read Read Dout  Dout Burst Length=4

Write command to Write command interval:

Same bank, same ROW address: When another write command is executed at the same ROW address of
the same bank as the preceding write command, the second write can be performed after an interval of no
less than 1 cycle. In the case of burst writes, the second write command has priority.

WRITE toWRITE Command Interval (same ROW address in same bank)

Command  XaoTvX__XwRRX @AY

G
QAdrons
BS(A11) _\ | / N\ /
Din ~—

Bank0  Column =A Column =B Burst Write Mode
Active Write Write Burst Length =4
Bank0

Same bank, different ROW address: When the ROW address changes, consecutive write commands cannot

be executed; it is necessary to separate the two write commands with a precharge command and a bank-
active command.
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Different bank: When the bank changes, the second write can be performed after an interval of no less
than 1 cycle, provided that the other bank is in the bank-active state. In the case of burst write, the second
write command has priority.

WRITE to WRITE Command Interval (different bank)

! I i !

|

Gommand  “XEEVX XEETYEHTXwH)
N
- CD T

Address
(AO-A10)

BS (A11) \ / /

Din

Bank0 Bank1 Bank0 Banki ’ Burst Write Mode
Active Active Wiite  Write Burst Length = 4

Read command to Write command interval:

Same bank, same ROW address: When the write command is executed at the same ROW address of the
same bank as the preceding read command, the write command can be performed after an interval of no

less than 1 cycle. However, DQMB must be set High so that the output buffer becomes High-Z before data
input.

READ to WRITE Command Interval (1)

Aniigipininininigiglinl

Command “XREADXWRITX
CL=2 / \ /—_
DQMB
CL=3 N\ / —
Din {in Bo Xin B1 Xin B2 Xin B3 }———
i Burst Length =4
- ) ae— ”
Dout N High-Z < Burst write
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READ to WRITE Command Interval (2)

CL=3 { X >
Din { X X X —

Command “XRreapX XwarrX
DQMB T\ VA ——
‘2clock ™7
cL=2 o2
Dout ' High-Z

Same bank, different ROW address: When the ROW address changes, consecutive write commands

cannot be executed; it is necessary to separate the two commands with a precharge command and a bank-
active command.

Different bank: When the bank changes, the write command can be performed after an interval of no less

than 1 cycle, provided that the other bank is in the bank-active state. However, DQMB must be set High so
that the output buffer becomes High-Z before data input.

Write command to Read command interval:

Same bank, same ROW address: When the read command is executed at the same ROW address of the
same bank as the preceding write command, the read command can be performed after an interval of no

less than 1 cycle. However, in the case of a burst write, data will continue to be written until one cycle
before the read command is executed.
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WRITE to READ Command Interval (1)

< S A O e Y s e e T s Y s N o O
Command >< WR‘ITX RE/‘-\DX
DQMB _—\ /

Din in AO

S i

" i {outBo B1 t tB3 )
Dout : { o'ut B >< out Xou B2 X outB3
Column=A .  TE Latency Burst Write Mode
Write r———- CE Latency = 2
Column=B Column=B Burst Length =4
Read Dout Bank 0

WRITE to READ Command Interval (2)

oK MMM
Command X WF;IIT X X RE:;\D X ’

DaMB ' ; /

Din in A1 : :
Dout ’ ‘< c;ut BO >< out B1 X out B;X out B;>—

Column = A CE

: E Latency Burst Write Mode
Write ref———- CE La(e"cy =2
Column = B Column =B Burst Length = 4
Read Dout Bank 0

Same bank, different ROW address: When the ROW address changes, consecutive read commands

cannot be executed; it is necessary to separate the two commands with a precharge command and a bank-
active command.

Different bank: When the bank changes, the read command can be performed after an interval of no less
than 1 cycle, provided that the other bank is in the bank-active state. However, in the case of a burst write,

data will continue to be written until one cycle before the read command is executed (as in the case of the
same bank and the same address).

Read command to Precharge command interval (same bank): When the precharge command is
executed for the same bank as the read command that preceded it, the minimum interval between the two
commands is one cycle. However, since the output buffer then becomes High-Z after the cycles defined by
Yizp, there is a possibility that burst read data output will be interrupted, if the precharge command is input
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during burst read. To read all data by burst read, the cycles defined by I, must be assured as an interval
from the final data output to precharge command execution.

READ to PRECHARGE Command Interval (same bank): To output all data

CE Latency = 2, Burst Length = 4

2% e S O e e Y e Y e s Y s Y s O e A
Command X REIAD >< XPRE;PALLX ;

Dout { outAo X out At >< outA2 X outA3 >

. > . H
CL=2 | gp = -1 cycle

CE Latency = 3, Burst Length = 4

0% I eI s e T e Y e O e T s I s I s Y o N
Command X RE'AD >< ><PRE/IPALL>< :
Dout <;utA0 X <;ut Al X out A2 X ;ut A3 )

- ' .
CL=3 |EP = -2 cycle

READ to PRECHARGE Command Interval (same bank): To stop output data

CE Latency = 2, Burst Length=1,2,4,8

High-Z
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CE Latench = 3, Burst Length=1,2,4,8

Command X rEAD XPHE/IPALLX

; High-Z
Dout . { out A0 J l?

| HZP=3

Write command to Precharge command interval (same bank): When the precharge command is

executed for the same bank as the write command that preceded it, the minimum interval between the two
commands is 1 cycle.

WRITE to PRECHARGE Command Interval (same bank): However, if the burst write operation is
unfinished, the input data must be masked by means of DQMB for assurance of the cycle defined by top.

WRITE to PRECHARGE Command Interval (same bank)

Burst Length = 4 (To stop write operation)

CLK

Command : X WRIT ><PREIPALL><

toPL

S e S s I s Y s Y e W s Y e O e e Bl e W e B
D €D G N
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Burst Length = 4 (To write all data)

CLK

Command XWHIT X ><PRE/lPALL><
- |
Oin ‘\ in AD >< in A1 >< in AZ‘X in :Aa / E

toPL

Bank active command interval:

Same bank: The interval between the two bank-active commands must be no less than tgc.

In the case of different bank-active commands:

The interval between the two bank-active commands
must be no less than tgzp.

Bank active to bank active for same bank

3% N Ny Sy Y ' Y Y e s Y Y s
Command :>< AC:TV X SS 3( AC:TV ><
s X o X )] Ko X
BS (1) \ / ) N\ S

P
b

Bank 0 Bank 0
Active
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Bank active to bank active for different bank

o« L LI L L
Command >< ACTV >< 3< ACTV ><
R rowo K Pows X

‘ \.

e} —

5 tRRD 3
Bank 0 Bank 1
Active Active

Mode register set to Bank-active command interval: The interval between setting the mode register and
executing a bank-active command must be no less than tgs,.

CK

]
Command ‘>< MRS >< >< ACTV ><
X

(ﬁgj’;ﬁﬁ CODE >< ><BS & ROW><
- >
| tRsA X
Mode Bank
Register Set Active

DQMB Control

The DQMB mask the lower and upper bytes of the DQ data, respectively. The timing of DQMB is
different during reading and writing.

Reading: When data is read, the output buffer can be controlled by DQMB. By setting DQMB to Low,
the output buffer becomes Low-Z, enabling data output. By setting DQMB to High, the output buffer
becomes High-Z, and the corresponding data is not output. However, internal reading operations continue.
The latency of DQMB during reading is 2.
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-t I R D U O O

DQMB

High-Z

Dout outo X out1 ; out3 >——

Ibop =2Latency |

Writing: Input data can be masked by DQMB. By setting DQMB to Low, data can be written. In
addition, when DQMB is set to High, the corresponding data is not written, and the previous data is held.
The latency of DQMB during writing is 0.

o N S O S B

DQMB

Din ino X__in1 X 772K_in3_ >

Ipip =0 Latency

Refresh

Auto-refresh: All the banks must be precharged before executing an auto-refresh command. Since the
auto-refresh command updates the interval counter every time it is executed and determines the banks and
the ROW addresses to be refreshed, external address specification is not requried. The refresh cycle is
4096 cycles/64 ms. (4096 cycles are required to refresh all the ROW addresses.) The output buffer
becomes High-Z after auto-refresh start. In addition, since a precharge has been completed by an internal

operation after the auto-refresh, an additional precharge operation by the precharge command is not
requried.

Self-refresh: After executing a self-refresh command, the self-refresh operation continues while CKE is
held Low. During self-refresh operation, all ROW addresses are refreshed by the internal refresh timer. A
self-refresh is terminated by a self-refresh exit command. If you use distributed auto-refresh mode with
15.6 ps interval in normal read/write cycle, auto-refresh should be executed within 15.6 us immediately
after exiting from and before entering into self refresh mode. If you use address refresh or burst auto-
refresh mode in normal read/write cycle, 4096 cycles of distributed auto-refresh with 15.6 pus interval
should be executed within 64 ms immediately after exiting from and before entering into self refresh mode.
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Others

Power-down mode: The synchronous DRAM module enters power-down mode when CKE goes Low in
the IDLE state. In power down mode, power consumption is suppressed by deactivating the input initial
circuit. Power down mode continues while CKE is held Low. In addition, by setting CKE to High, the
synchronous DRAM module exits from the power down mode, and command input is enabled from the
next cycle. In this mode, internal refresh is not performed.

Clock suspend mode: By driving CKE to Low during a bank-active or read/write operation, the
synchronous DRAM module enters clock suspend mode. During clock suspend mode, external input
signals are ignored and the internal state is maintained. When CKE is driven High, the synchronous
DRAM module terminates clock suspend mode, and command input is enabled from th enext cycle. For
details, refer to the “CKE Truth Table”.

Power-up sequence: During power-up sequence, the DQMB and the CKE must be set to High. When
200 ps has past after power on, all banks must be precharged using the precharge command. After trp
delay, set 8 or more auto refresh commands. And set the mode register set command to initialize the mode
register.
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Timing Waveforms

Read Cycle
tek
ke T ™

Din

Dout

Burst length = 4

Bank 0 Bank 0 Bank 0
Active Read Precharge 0 “A:%ers\zL
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Write Cycle
tek
toxh ek
—V
CKE " s -

teH |
e
ten

i

H

c :
CI
Al

§
icH
tan

Al

At0

Address

bpamMe

Ion_'ps| low '0siton |los

==

TawL
Dout
Bank 0 Bank 0 Bank 0 Burstlength = 4
Active Write Precharge Bank0 Access
= MH or Vi
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Mode Register Set Cycle

A11(BS)

<
© g
55
[=]
cEzx
mp s
'
8w &
03
i
R
&8
fo)
Q
K2
A..m.m
g 82
F e B
..A.w.m
383
o
)
[
[

Address
DQMB
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Read Cycle/Write Cycle

20

Read cycle

RECE delay = ¢
CE Latency = 3
Burst Length = «
BHl=\Vorvi

! T i : ' v i " Write cycle
Ll A v b L RECEdelay=¢
D s /T CElatency=3
\ ! Burst Length = «
g EE= MK or ViL

Dout —— G Yar1Xar2{ard—— b X o B0 53 BY_B¥1 BX__BX%T %253
Din —ge—t v o b L f Mgz ¢ v L ST R T

T Bak0 T Bank0 Bank1 . | Bank1 Bark0 T Bankt . Bank1 . . | Bankt .+ R

H Active H Read H Active ! , Read  Precharge H Read H Read H H H Prachargg H
CKE M : : R

45
HITACHI

B 4496203 003153k 943 WA



HBS526C164EN Series

Read/Single Write Cycle

a YarD——(ard———

Read/Single write
RECEdelay = 3
CElLatency = 3
Burst Length =4
MH or ViL
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Read/Burst Write Cycle

o 1+ 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A11(BS) 'Ai V 'AE Vﬂ; V / ‘
Address 72\ R XCaX X b Z XCH
DaMB 27272777277 7 VIR S R B Y /7. AL

Din

: ] ] ] v : : ' i b ] ]

' : ; . ; : )

Dout —————+ 1 CayerEm(an
. | " ! | Clocx ! ! Bankp i i ; | Bank0 | Bankt |

: | Suspend | . ' ' ! : | Precharge | Prachamge |

A18S) 2\

I WA SISIIY,

' ' ‘ . ' ' ' i
Bank 0 Bank 0 Bank 1 (] Bank O
Active

Bank
Read Active Write Prechargs
Read/Burst write

RECEdelay =23
CELatency=4
Burst Length=4
=M or Vi
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Full Page Read/Write Cycle

_'Vm-

mwwmmuuﬁ{hzfﬁd&%ﬁmg

Read cycle

§ W RECE delay = 3
— CELatency =3
RE Burst Length = full pag
CE BER=MnorviL
w
A11(BS)
Address
pome :
Doyt ————————— mmm. mmnmmmmm
Din — L & 1 i ¢ P HghZz '+ " N
- I =W'=°%'"“m“
CKE —Mmi—— 1 T T T T T T T T T T wiiteeycle
s ; — — ™! /T\| s RECEdelay=3
_s_ ; CELatency =3
RE Burst Length = full pag
CE ER=Vnorvi
w
A11(BS)
Address
DamB NI N S N N B
Dout N S < 153 O S S
Din ——— c-mmm-mMI
! B&un ' ' Bank 0 Bn1 ' ' ' ' ' Bumisop  Bank1 | '
Active Write

Auto Refresh Cycle

CKE

A11(BS)

Address
paMB
Oin oL —
Dout : : , ! . . " bigh.z — ) . . . : : : 2 Xan
14 . tFu; ‘ | H  tpe! H h B 'HIC i B 4 ) ‘ H i |
. Refresh cycle and
A Read
5’:223&%5 Auto Refresh Aulo Refresh B::Iw‘;(so B:gko Read cycle
RECE delay=2
CE latency=2
Burst length=4

Vi or Vi
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Self Refresh Cycle

A11(BS) |

Address }

DOM §

L

VO(input) T T T 5 =4S - . +
O(output) : - - 1§ High-Z (¢ 1§ - -
——— i — e
o AW ) e )
Precharga command St refresh entry i A Selfrefresh cycle
if nesden command Pohbgieatbinn Selfretresh entry ooy rofresh RE-CE delay =3
or No operation enable CElatency = 3
Burst length = 4
=Vjyorv,
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Clock Suspend Mode

tces
—d
1|12 13 14 15 16 17 18 19 20

CKE Read cycle
5 RE-CE delay=2
e CE latency=2
k. Burst length=4
CE f E8=VHorvi
W
A11(BS) !
Address &
DQMB
Dout —. — 8 —(b) :
Din H . , H H ; . H .  High-Z ; H 1 H \ | .
' R TR ) b P
CKE . . j . : ) Write cycle
3 T +— RE-CE delay=2
. CE latency=2
RE Burst length=4
CE BEB=Wnorve
w
A11(BS)
Address
DQMB
Dout —; "High'z
Din
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Power Down Mode

Din — i — T
Dout ; ' — { §— High-Z— : , . .
' Rp oo
4 * ‘ Power down cycle
Precharge command  Power down eniry Power down RECE delay=3
If needed mode exit

'Active Banko OF latency=2
Bl rst length=4

Power Up Sequence

01t 2 8 4 5 & 7 8 9 10 48_49_ 50 52_53 54 55
e o g 1
s T TN TN T TN T TN T TN
ﬁ%VA 22225 7777777777707 L7 770 L 727N/,
72 2 L T LT T LT
W 7 T L7277 2777 A 2N /717N
Address 223 7 M 727 ‘ 7722, Q22727772265
DOMB vy L L L
owom—n.:;;;;;z:;;;s—H'th' ——
‘ f had f ‘ ' ‘ﬁc l ' } ' tF«: ' f I‘FISA‘
Allbanks  Auto Refresh Auto Refresh Mode register Bank active
Precharge Set If needed

51
HITACH]

B 4496203 0031542 147 HE



HB526C164EN Series

Physical Outline (Unit: mm / inch)

Front side

133.35
5.250
3,00 127.35
0,118 5.014

00
0.118
Y X

Component aref

TG4
\_—y

[N

£

2.92 max
0.115 max

4.00 min
0.157 min

J

1.27 + 0.10

7% ¢ LT
W LU LT s gl
Y ..
% c % B A
8.89 11.43) 36.83 54.61
6.35 "0.450 1.450 ! 2.150
Back side

0.050 x0.004

=
@
- o
; <Imoge
> Sle WS
ale
N
Detail A, Detail B Detail C
EIE] 1.27
o o SéD 1.00
] 0.039
e wio
y | 88 b [l
el 6.35 Spo—T 6.35
0.250 ala 770,250
2.00 # 0.1 MM 2.00 * 0.1
0.079 + 0.0 .[m 0.079 * 0.904
1.00 + 0.09 I
0.039 % 0.00 - :
-
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