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HB52F88EM -75F, HB52F89EM -75F,
HB52F168EN-75F, HB52F169EN-75F

64 MB Unbuffered SDRAM DIMM, 133 MHz Memory
Bus
(HB52F88EM) 8-Mword x 64-bit, 1-Bank Module
(8 pcsof 8 M x 8 Components)
(HB52F89EM) 8-Mword x 72-bit, 1-Bank Module
(9 pcsof 8 M x 8 Components)
128 MB Unbuffered SDRAM DIMM, 133 MHz Memory
Bus
(HB52F168EN) 16-Mword x 64-hit, 2-Bank Module
(16 pcsof 8 M x 8 Components)
(HB52F169EN) 16-Mword x 72-bit, 2-Bank Module
(18 pcs of 8 M x 8 Components)
PC133 SDRAM

HITACHI

ADE-203-1019A (2)
Preliminary

Rev. 0.1

Jul. 30, 1999

Description

The HB52F88EM, HB52F89EM, HB52F168EN, HB52F169EN belong to 8-byte DIMM (Dua In-lineMem-
ory Module) family, and have been developed as an optimized main memory solution for 8-byte processor
applications. They are synchronous Dynamic RAM Module, mounted 64-Mbit SDRAMs (HM5264805FTT)
sealed in TSOP package, and 1 piece of serial EEPROM (2-kbit) for Presence Detect (PD). The HB52F88EM
isorganized 8M x 64 x 1-bank mounted 8 pieces of 64-Mbit SDRAM. The HB52F89EM is organized 8M x
72 x 1-bank mounted 9 pieces of 64-Mbit SDRAM. The HB52F168EN is organized 8M x 64 x 2-bank
mounted 16 pieces of 64-Mbit SDRAM. The HB52F169EN isorganized 8M x 72 x 2-bank mounted 18 piec-
esof 64-Mbit SDRAM. An outline of the productsis 168-pin socket type package (dual lead out). Therefore,
they make high density mounting possible without surface mount technology. They provide common data
inputs and outputs. Decoupling capacitors are mounted beside each TSOP on the module board.

Features

e Fully compatible with: JEDEC standard outline 8-byte DIMM
168-pin socket type package (dual lead out)
— Outline: 133.37 mm (Length) 34.925 mm (Heightx 4.00 mm (Thickness)



HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

— Lead pitch: 1.27 mm
e 3.3V power supply
» Clock frequency: 133 MHz (max)
e LVTTL interface
» Data bus width:x 64 Non parity (HB52F88EM/HB52F168EN)
: x 72 ECC (HB52F89EM/HB52F169EN)
+ Single pulsed RAS
e 4 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 2 variations of burst sequence
— Sequential
— Interleave
« Programmable CHtency: 3 (133 MHz)
: 2 (100 MHz)
« Byte control by DQMB
« Refresh cycles: 4096 refresh cycles/64 ms
e 2 variations of refresh
— Auto refresh
— Self refresh
« Full page burst length capability
— Sequential burst
— Burst stop capability

Ordering Information

Type No. Frequency CE latency  Package Contact pad
HB52F88EM-75F*1 133 Mhz 3 168-pin dual lead out socket type Gold
HB52F89EM-75F*! 133 Mhz 3

HB52F168EN- 133 Mhz 3

75F*1

HB52F169EN- 133 Mhz 3

75F*1

Note: 1.100 MHz operation at Q&tency = 2.

Pin Arrangement

1pin 10 pin11pin 40 pin 41 pin 84 pin
° é[ﬁ:ﬁ:]g IL] Ig Ii] Il] o
0O 0 0O i
I A 1°
85 pin 94 pin 95 pin 124 pin 125 pin 168 pin

2 HITACHI



HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

(HB52F88EM/HB52F168EN)

Pin No. Pin name Pin No. Pin name Pin No. Pin name Pin No. Pin name
1 Vss 43 Vss 85 Vss 127 Vss
2 DQO 44 NC 86 DQ32 128 CKEO
3 DQ1 45 S2 87 DQ33 129 NC (S3)*2
4 DQ2 46 DQMB2 88 DQ34 130 DQMB6
5 DQ3 47 DQMB3 89 DQ35 131 DQMB?7
6 Vee 48 NC 90 Vee 132 NC
7 DQ4 49 Vee 91 DQ36 133 Vee
8 DQ5 50 NC 92 DQ37 134 NC
9 DQ6 51 NC 93 DQ38 135 NC
10 DQ7 52 NC 94 DQ39 136 NC
11 DQ8 53 NC 95 DQ40 137 NC
12 Vss 54 Vss 96 Vss 138 Vss
13 DQ9 55 DQ16 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 DQ13 59 Vee 101 DQ45 143 Vee
18 Vee 60 DQ20 102 Vee 144 DQ52
19 DQ14 61 NC 103 DQ46 145 NC
20 DQ15 62 NC 104 DQ47 146 NC
21 NC 63 NC 105 NC 147 NC
(CKE1)*!
22 NC 64 Vss 106 NC 148 Vss
23 Vss 65 DQ21 107 Vss 149 DQ53
24 NC 66 DQ22 108 NC 150 DQ54
25 NC 67 DQ23 109 NC 151 DQ55
26 Vee 68 Vss 110 Vee 152 Vss
27 w 69 DQ24 111 CE 153 DQ56
28 DQMBO 70 DQ25 112 DQMB4 154 DQ57
29 DQMB1 71 DQ26 113 DQMB5 155 DQ58
30 SO 72 DQ27 114 NC (S1)*3 156 DQ59
31 NC 73 Vee 115 RE 157 Vee
32 Vss 74 DQ28 116 Vss 158 DQ60
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 Vss 120 A7 162 Vss
37 A8 79 CK2 121 A9 163 CK3
38 A10 (AP) 80 NC 122 A13 (BAO) 164 NC
39 Al12 (BA1) 81 WP 123 All 165 SAO0

HITACHI
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Pin No. Pinname  Pin No. Pin name Pin No. Pin name Pin No. Pin name
40 Vee 82 SDA 124 Vee 166 SAl
41 Vee 83 SCL 125 CK1 167 SA2
42 CKoO 84 Vee 126 NC 168 Vee

Notes: 1.NC: HB52F88EM, CKE1: HB52F168EN
2.NC: HB52F88EM, S3: HB52F168EN
3.NC: HB52F88EM, S1: HB52F168EN

(HB52F89EM/HB52F169EN)

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

1 Vss 43 Vss 85 Vss 127 Vss

2 DQO 44 NC 86 DQ32 128 CKEO

3 DQ1 45 S2 87 DQ33 129 NC (S3)*2

4 DQ2 46 DQMB2 88 DQ34 130 DQMB6

5 DQ3 47 DQMB3 89 DQ35 131 DQMB7

6 Vee 48 NC 90 Vee 132 NC

7 DQ4 49 Vee 91 DQ36 133 Vee

8 DQ5 50 NC 92 DQ37 134 NC

9 DQ6 51 NC 93 DQ38 135 NC

10 DQ7 52 CB2 94 DQ39 136 CB6

11 DQ8 53 CB3 95 DQ40 137 CB7

12 Vss 54 Vss 96 Vss 138 Vss

13 DQ9 55 DQ16 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 DQ13 59 Vee 101 DQ45 143 Vee

18 Vee 60 DQ20 102 Vee 144 DQ52

19 DQ14 61 NC 103 DQ46 145 NC

20 DQ15 62 NC 104 DQ47 146 NC

21 CBO 63 NC 105 CB4 147 NC
(CKE1)*!

22 CB1 64 Vss 106 CB5 148 Vss

23 Vss 65 DQ21 107 Vss 149 DQ53

24 NC 66 DQ22 108 NC 150 DQ54

25 NC 67 DQ23 109 NC 151 DQ55

26 Vee 68 Vss 110 Vee 152 Vss

27 W 69 DQ24 111 CE 153 DQ56

28 DQMBO 70 DQ25 112 DQMB4 154 DQ57

29 DQMB1 71 DQ26 113 DQMB5 155 DQ58

30 S0 72 DQ27 114 NC (S1)*® 156 DQ59

31 NC 73 Vee 115 RE 157 Vee

32 Vss 74 DQ28 116 Vss 158 DQ60

33 A0 75 DQ29 117 Al 159 DQ61
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Pin No. Pinname  Pin No. Pin name Pin No. Pin name  Pin No. Pin name
34 A2 76 DQ30 118 A3 160 DQ62

35 A4 77 DQ31 119 A5 161 DQ63

36 A6 78 Vsg 120 A7 162 Vsg

37 A8 79 CK2 121 A9 163 CK3

38 A10 (AP) 80 NC 122 Al13 (BAO) 164 NC

39 Al12 (BA1) 81 WP 123 All 165 SAO0

40 Vee 82 SDA 124 Vee 166 SAl

41 Vee 83 SCL 125 CK1 167 SA2

42 CKoO 84 Vee 126 NC 168 Vee

Notes: 1.NC: HB52F89EM, CKE1: HB52F169EN
2.NC: HB52F89EM, S3: HB52F169EN
3.NC: HB52F89EM, S1: HB52F169EN

HITACHI 5
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Pin Description (HB52F88EM)

Pin name Function
AO to\~A11l Address input

— Row addressA0 to A1l

— Column addressAO to A8
A13/A12 Bank select address BAO/BA1
DQO to DQ63 Data input/output
S0, S2 Chip select input
RE Row enable (RAS) input
CE Column enable (CAS) input
w Write enable input
DQMBO to DQMB7 Byte data mask
CKO, CK2 Clock input
CKEO Clock enable input
WP Write protect for serial PD
SDA Data input/output for serial PD
SCL Clock input for serial PD
SAO0 to SA2 Serial address input
Vee Primary positive power supply
Vsg Ground
NC No connection
6 HITACHI
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Pin Description (HB52F89EM)

Pin name Function
AO to\~A11l Address input

— Row addressA0 to A1l

— Column addressAO to A8
A13/A12 Bank select address BAO/BA1
DQO to DQ63 Data input/output
CBO to CB7 Check bit (Data input/output)
S0, S2 Chip select input
RE Row enable (RAS) input
CE Column enable (CAS) input
W Write enable input
DQMBO to DQMB7 Byte data mask
CKO, CK2 Clock input
CKEO Clock enable input
WP Write protect for serial PD
SDA Data input/output for serial PD
SCL Clock input for serial PD
SAO0 to SA2 Serial address input
Vee Primary positive power supply
Vsg Ground
NC No connection

HITACHI
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Pin Description (HB52F168EN)

Pin name Function
AO to\~A11 Address input

— Row addressA0 to A1l

— Column addressA0 to A8
A13/A12 Bank select address BAO/BA1
DQO to DQ63 Data input/output
S0to S3 Chip select input
RE Row enable (RAS) input
CE Column enable (CAS) input
w Write enable input
DQMBO to DQMB7 Byte data mask
CKO to CK3 Clock input
CKEO, CKE1 Clock enable input
WP Write protect for serial PD
SDA Data input/output for serial PD
SCL Clock input for serial PD
SAO0 to SA2 Serial address input
Vee Primary positive power supply
Vsg Ground
NC No connection
8 HITACHI
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Pin Description (HB52F169EN)

Pin name Function
AO to\~A11 Address input

— Row addressA0 to A1l

— Column addressA0 to A8
A13/A12 Bank select address BAO/BA1
DQO to DQ63 Data input/output
CBO to CB7 Check bit (Data input/output)
SO to S3 Chip select input
RE Row enable (RAS) input
CE Column enable (CAS) input
W Write enable input
DQMBO to DQMB7 Byte data mask
CKO to CK3 Clock input
CKEO, CKE1 Clock enable input
WP Write protect for serial PD
SDA Data input/output for serial PD
SCL Clock input for serial PD
SAO0 to SA2 Serial address input
Vee Primary positive power supply
Vsg Ground
NC No connection
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Serial PD Matrix*1

Byte Com-
No. Function described Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Hex value ments
0 Number of bytes used by 1 0 0 0 0 0 0 0 80 128
module manufacturer
Total SPD memory size 0 0 0 0 1 0 0 0 08 256 byte
Memory type 0 0 0 0 0 1 0 0 04 SDRAM
3 Number of row addresses 0 0 0 0 1 1 0 0 oC 12
bits
4 Number of column addresses 0 0 0 0 1 0 0 1 09 9
bits
5 Number of banks
(HB52F88EM/89EM) 0 0 0 0 0 0 1 01 1

(HB52F168EN/169EN) 0 0 0 0 0 0 1 0 02
6 Module data width

(HB52F88EM/168EN) 0 0 0 0 0 0 0 40 64
(HB52F89EM/169EN) 0 0 0 1 0 0 0 48 72
7 Module data width 0 0 0 0 0 0 0 0 00 0(+)
(continued)
8 Module interface signal levels 0 0 0 0 0 0 0 1 01 LVTTL
9 SDRAM cycle time 0 1 1 1 0 1 0 1 75 CL=3
(highest CE latency)
7.5ns
10 SDRAM access from Clock 0 1 0 1 0 1 0 0 54
(highest CE latency)
5.4ns
11 Module configuration type
(HB52F88EM/168EN) 0 0 0 0 0 0 0 00 Non parity
(HB52F89EM/169EN) 0 0 0 0 0 0 1 0 02 ECC
12 Refresh rate/type 1 0 0 0 0 0 0 0 80 Normal
(15.625 ps)
Self refresh
13 SDRAM width 0 0 0 0 1 0 0 0 08 8M x 8
14 Error checking SDRAM width
(HB52F88EM/168EN) 0 0 0 0 0 0 0 00 —
(HB52F89EM/169EN) 0 0 0 0 1 0 0 08 x 8
15 SDRAM device attributes: 0 0 0 0 0 0 1 01 1 CLK
minimum clock delay for
back-to-back random column
addresses
16 SDRAM device attributes: 1 0 0 0 1 1 1 1 8F 1,248,
Burst lengths supported full page
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Byte Com-
No. Function described Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Hex value ments
17 SDRAM device attributes: 0 0 0 0 0 1 0 0 04 4
number of banks on SDRAM
device
18 SDRAM device attributes: 0 0 0 0 0 1 1 0 06 2,3
CE latency
19 SDRAM device attributes: 0 0 0 0 0 0 0 1 01 0
S latency
20 SDRAM device attributes: 0 0 0 0 0 0 0 1 01 0
W latency
21 SDRAM module attributes 0 0 0 0 0 0 0 0 00 Non buffer
22 SDRAM device attributes: o o0 0 0 1 1 1 0 OE Vee = 10%
General
23 SDRAM cycle time 1 0 1 0 0 0 0 0 A0
(2nd highest CE latency)
10 ns
24 SDRAM accessfromClock 0 1 1 0 0 0 0 0 60
(2nd highest CE latency)
6 ns
25 SDRAM cycle time 0o 0 0 O O O o o0 o0
(3rd highest CE latency)
Undefined
26 SDRAM accessfromClock 0 0 0 0 0 0 0 0 00
(3rd highest CE latency)
Undefined
27 Minimum row precharge time 0 0 0 1 0 1 0 0 14 20 ns
28 Row active to row active min 0 0 0 0 1 1 1 1 OF 15 ns
29 RE to CE delay min 0 0 0 1 0 1 0 o0 14 20 ns
30 Minimum RE pulse width 0 0 1 0 1 1 0 1 2D 45 ns
31 Density of each bank on 1 bank
module 64 M byte
(HB52F88EM/89EM) 0 0 0 1 0 0 0 0 10
(HB52F168EN/169EN) 0 0 0 0 0 0 0 10 2 bank
64 M byte
32 Address and command 0 0 0 1 0 1 0 1 15 15ns
signal input setup time
33 Address and command 0 0 0 0 1 0 0 0 08 0.8ns
signal input hold time
34 Data signal input setup time 0 0 0 1 0 1 0 1 15 15ns
35 Data signal input hold time 0 0 0 0 1 0 0 0 08 0.8 ns
36 to 61 Superset information 0 0 0 0 0 0 0 0 00 Future use
62 SPD data revision code 0 0 0 0 0 0 1 0 02 JEDEC2

HITACHI
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Byte Com-

No. Function described Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Hex value ments

63 Checksum for bytes 0 to 62
(HB52F88EM) 1 0 0 0 1 1 1 0 8E 142
(HB52F89EM) 1 0 1 0 0 0 0 0 A0 160
(HB52F168EN) 1 0 0 0 1 1 1 1 8F 143
(HB52F169EN) 1 0 1 0 0 0 0 1 Al 161

64 Manufacturer's JEDEC ID 0 0 0 0 0 1 1 1 07 HITACHI

code
65 to 71 Manufacturer’'s JEDEC ID 0 0 0 0 0 0 0 0 00
code
72 Manufacturing location X X X X X X X X XX *2 (ASCII-
8hit code)

73 Manufacturer’s part number 0 1 0 0 1 0 0 0 48 H

74 Manufacturer’s part number 0 1 0 0 0 0 1 0 42 B

75 Manufacturer’s part number 0 0 1 1 0 1 0 1 35 5

76 Manufacturer’s part number 0 0 1 1 0 0 1 0 32 2

77 Manufacturer’s part number 0 1 0 0 0 1 1 0 46 F

78 Manufacturer’s part number
(HB52F88EM/89EM) 0 0 1 1 1 0 0 0 38 8
(HB52F168EN/169EN) 0 0 1 1 0 0 0 1 31 1

79 Manufacturer’s part number
(HB52F88EM) 0 0 1 1 1 0 0 0 38 8
(HB52F89EM) 0 0 1 1 1 0 0 1 39 9
(HB52F168EN/169EN) 0 0 1 1 0 1 1 0 36 6

80 Manufacturer’s part number
(HB52F88EM/89EM) 0 1 0 0 0 1 0 1 45
(HB52F168EN) 0 0 1 1 1 0 0 0 38
(HB52F169EN) 0 0 1 1 1 0 0 1 39 9

81 Manufacturer’s part number
(HB52F88EM/89EM) 0 1 0 0 1 1 0 1 4D M
(HB52F168EN/169EN) 0 1 0 0 0 1 0 1 45 E

82 Manufacturer’s part number
(HB52F88EM/89EM) 0 0 1 0 1 1 0 1 2D —
(HB52F168EN/169EN) 0 1 0 0 1 1 1 0 4E N

83 Manufacturer’s part number
(HB52F88EM/89EM) 0 0 1 1 0 1 1 1 37 7
(HB52F168EN/169EN) 0 0 1 0 1 1 0 1 2D —

84 Manufacturer’s part number
(HB52F88EM/89EM) 0 0 1 1 0 1 0 1 35
(HB52F168EN/169EN) 0 0 1 1 0 1 1 1 37 7

85 Manufacturer’s part number 0 1 0 0 0 1 1 0 46
(HB52F88EM/89EM)
(HB52F168EN/169EN) 0 0 1 1 0 1 0 1 35 5

(HB52F168EN/169EN) 0 1 0 0 0 1 1 0 46
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Byte Com-
No. Function described Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Hex value ments
86 Manufacturer’s part number
(HB52F88EM/89EM) 0 0 1 0 0 0 0 0 20 (Space)
(HB52F168EN/169EN) 0 1 0 0 0 1 1 0 46 F
87 Manufacturer’s part number 0 0 1 0 0 0 0 0 20 (Space)
88 Manufacturer’s part number 0 0 1 0 0 0 0 0 20 (Space)
89 Manufacturer’s part number 0 0 1 0 0 0 0 0 20 (Space)
20 Manufacturer’s part number 0 0 1 0 0 0 0 0 20 (Space)
91 Revision code 0 0 1 1 0 0 0 0 30 Initial
92 Revision code 0 0 1 0 0 0 0 0 20 (Space)
93 Manufacturing date x x x X x X X X XX Year code
(BCD)
94 Manufacturing date x x x x x X x x XX Week code
(BCD)

95 to 98 Assembly serial number *3

99to Manufacturer specifcdata @— — — — — — — — — x4

125

126 Reserved (Intel specification 0 1 1 0 0 1 0 0 64
frequency)

127 Reserved (Intel specification 1 0 1 0 1 1 1 1 AF
CE# latency support)
(HB52F88EM/89EM)

(HB52F168EN/169EN) 1 1 1 1 1 1 1 1 FF

Notes:  1.All serial PD data are not protected. O: Serial data, “driven Low”, 1: Serial data, “driven High”

2.Byte72 is manufacturing location code. (ex: In case of Japan, byte72 is 4AH. 4AH shows “J”
on ASCII code.)

3.Bytes 95 through 98 are assembly serial number.
4.All bits of 99 through 125 are not defined (“1” or “0”).

HITACHI 13
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Block Diagram (HB52F88EM)

AOto A13 T
5 I
111 |
CS Cs
DQMBOe—— DQM DO DQMB4e——{DQM D4
8 10Q 1/00 8 10Q 1100
DQO to DQ7 e——A\A— 101107 DQ32 to DQ39 e——AANN— 5 )/07
[ cs
DQMBle——{DQM DQMB5e——{DQM
D1 D5
8 109 |00 8 109 109
DQ8 to DQ15 e——AAN\—157/07 DQ40 to DQ47 e——"\N\\— (5 jo7
sz ° ‘ ‘
11 |
CsS [
DQMB2e——{DQM DQMB6e—— | DQM
D2 D6
8 100 |00 8 100 |00
DQ16 to DQ23e——ANA— 5 1i07 DQ48 to DQ55 &——ANN—57/07
cs cs
DQMB3e——|DQM DQMB7e——DQM
D3 D7
8 10Q |00 8 100 |00
DQ24 to DQ3Le——AN—i51/07 DQ56 to DQ63 e——"\NN— (507
VCCT>VCC (DO to D7, U0)
100 0.33 uF 0.1 pF
CKO &—AAN— CLK x 8 pcs x 8 pcs
14 SDRAMSs + 3.3 pF cap Vgg ’LVVSS (DO to D7, UO0)
100Q
CK2 & A\\——m CLK Serial PD
:4 SDRAMSs + 3.3 pF cap
SCL— SCL SDA [ SDA
100 uo

CK1, CK3 .—/\N\/j
WP

10pF l A0 AL A2
‘ ‘ ‘ 47KQ
CKEOe—— p CKE (DOto D7) SA0 SAL SA2 * v,

Notes :
1. The SDA pull-up resistor is required due to
the open-drain/open-collector output.

2. The SCL pull-up resistor is recommended
because of the normal SCL line inacitve
"high" state.

*DO0 to D7: HM5264805
U0: 2-kbit EEPROM
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Block Diagram (HB52F89EM)

AO to A13 r
RE, CE,W r I
|
i1 |
Cs CS
DQUB0e——————bQv DQB4e——————DOM
8 100 )0 8 100 159
DQO to DQ7 e—/—AN\— 7 1/07 DQ32 to DQ39 &—/—AN\—57/07
Cs CS
DQMBL1 DQM DOMBSe—— | DQM
D1 D
8 100 [yng 8 100 159 °
DQ8 to DQ15 to 107 DQ40 to DQ47 e—/—"\\\—10 1j07
Cs
boM
8 100
CBO to CB7 e——ANA— 1%,

sz u |

cs CS
DQMB2e—— DQM DQMB6e—— DQM
D3 D7
8 100 |00 8 100 |00
DQ16 to DQ23e——AA—117/07 DQ48 to DQ55 e——"\N\\— 5 /07
cs CS
DQMB3e——DQM DQMB7 e——DQM
D4 D8
8 100 |00 8 100 |00
DQ24 to DQ31e——AAN— 10 1/07 DQ56 to DQ63 e—/—AAN—1571/07

Vee Ve (DO to D8, UO)

10Q 0.33 pF 0.1 pF

CKO &——AA\——= CLK ; 5 SDRAMs ms
Vss Vss (DO to D8, U0)

100Q

CK1
Serial PD
10 pF

i SCL—m{ SCL SDA [*—» SDA

100 uo
CK2 &——AAA\——- CLK; 4 SDRAMs + 3.3 pF cap

WP
10Q %
K3 A0 Al A2 47 KO

T
l 10 pF SAO0 SAl SA2 Vss

Notes:
CKEQ &————————» CKE (DO to D8) 1. The SDA pull-up resistor is required due to
the open-drain/open-collector output.
2. The SCL pull-up resistor is recommended
because of the normal SCL line inacitve
"high" state.

*DO to D8: HM5264805
U0: 2-kbit EEPROM
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Block Diagram (HB52F168EN)

AO to A13 I I I
RE, CE, W
ST e | | |
] | | | E— |
Cs Ccs Ccs cs
DQMBOe—— DQM I DQM DQMB4e———{ DQM — DQM
6 100 DO D8 s 100 D4 D12
DQO 1100 1100 DQ32 1100 1100
0DQ7 *7 VW10 107 [ |to /07 t0 DQ39 *7 VW10 1107 [ |to /07
[l A | [l A | [l i | |
cs CS CS cs
DQMB1e—— DQM I DQM DQMB5 e——{ DQM {DQMm
8 100 D1 D9 s 100 D5 D13
DQ8 1100 1100 DQ40 1100 1/00
to DQ15 *7 VW 0 1107 | to 1107 to DQ47 *—"VW\— 10 1/07 to 1107
cs Ccs cs cs
DQMB2e———— DQM — DQM DQMB6 &—————— DQM —{DQM
s 100 D2 D10 & 100 D6 D14
DQ16 1100 1100 DQ48 1100 1100
to DQ23 *7 VW10 /07 [ |to 1107 to D55 VW10 1107 [ |to 1107
cs cs cs cs
DQMB3e—— DQM I DQM DQMB7 &———{ DQM — DQM
6 100 D3 D11 & 100 D7 D15
DQ24 1100 1/00 DQ56 1/00 1/00
to DQ31 *7 VW10 1107 [ {to /07 to DQ63 to 1/07 [ {to /07
Vee Ve (DO to D15, UO)
100Q 0.33 uF 0.1 pF
CKO &—A\\—m CLK; 4 SDRAMs +3.3pFcap  x 16 pcs x 16 pcs
Vss o—T—T—>vSS (DO to D15, U0)

10Q
CK1 &—AWA\—— CLK; 4 SDRAMs + 3.3 pF cap CKEOe—— = CKE (DO to D7)

10Q
CK2 «—AA\\—m CLK; 4 SDRAMSs + 3.3 pF cap %10 KQ
CKE1 CKE (D8 to D15)

10Q
CK3 e—A\A\——-m CLK; 4 SDRAMS + 3.3 pF cap Serial PD

SCL—» SCL SDA [“¢—® SDA
uo

WP
A0 Al A2
‘ ‘ ‘ 47 kQ

SAO0 SAL SA2 Vsg

Notes :

1. The SDA pull-up resistor is required due to
the open-drain/open-collector output.

2. The SCL pull-up resistor is recommended
because of the normal SCL line inacitve
"high" state.

* D0 to D15: HM5264805
U0: 2-kbit EEPROM
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Block Diagram (HB52F169EN)

AO to A13

[ — | | |
RE,CE, W
o T T T
Cs CS CS Cs
DQMBOe——{ DQM I DQMm DQMB4e—— | DQM L 1DQMm
8 100 DO D9 & 100 D5 D14
DQO 1/00 1100 DQ32 1100 1/00
0DQ7 *"VW 007 [to 107 to DQ39 to 1/07 to /07
i | i | N A | I N |
CS CS CS CS
DQMB1 DQM I DQMm DQMB5 e DQM L 1DQMm
D1 D10 D6 D15
DQ8 8 10 Q1100 1100 pQao 8 10Q |lyo0 1100
to DQ15 to /07 to 107 to DQ47 Mto 1107 o /07
N NN 1 |
cs csDQM
PoM D2 D11
CBO 8 100 |00 1100
to CB7 to /07 o 1/07
S5 1 1
Cs CS CS [}
DQMB2e——{ DQM I DQMm DQMB6e——— DQM L 1DQMm
& 100 D3 D12 s 100 D7 D16
DQ16 1/00 1100 DQ48 1100 1/00
t0 DQ23 *7 VW10 1107 [to 107 to DQ55 to 1/07 to /07
Cs CcS CcS [}
DQMB3e——{DQM I DQMm DQMB7e—— DQM I DQMm
s 100 D4 D13 s 100 D8 D17
DQ24 1/00 1100 DQ56 1100 1/00
to D031 7" VW10 /07 to 1107 t0 DQ63 * VWV t0 1107 —to /07
100 Vee Ve (DO to D17, UO)
CKO &——A\\M——— CLK (5 SDRAMS) 0.33 uF x 18 pcs 0.1 uF x 18 pcs
100 Vss Vss (DO to D17, UO)
CK1 «—AA—— CLK (5 SDRAMS) CKEQ#——————————m CKE (DO to D8)
Vce
10 Q
CK2 & AMA——p= CLK (4 SDRAMs + 3.3 pF cap) 10kQ
CKE1 CKE (D9 to D17)
10Q Serial PD
CK3 &—AA——- CLK (4 SDRAMSs + 3.3 pF cap)
SCL—m={ SCL SDA [=¢—® SDA
uo
wP
A0 AL A2
‘ ‘ ‘ 47 kQ
SAD SAL SA2 Vss
Notes :

1. The SDA pull-up resistor is required due to
the open-drain/open-collector output.

2. The SCL pull-up resistor is recommended
because of the normal SCL line inacitve
"high" state.

* DO to D17: HM5264805
U0: 2-kbit EEPROM

HITACHI
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HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

Absolute Maximum Ratings

Parameter Symbol Value Unit Note

Voltage on any pin relative to Vgg Vr -0.5t0 Ve +0.5 \Y 1
(£ 4.6 (max))

Supply voltage relative to Vgg Vee -0.5t0 +4.6 \Y 1

Short circuit output current lout 50 mA

Power dissipation (HB52F88EM/ Pt 8.0 W

168EN)

Power dissipation (HB52F89EM/ Pr 9.0 W

169EN)

Operating temperature Topr 0 to +65 °C

Storage temperature Tstg -55to0 +125 °C

Note: 1.Respect to Vg

DC Operating Conditions (Ta=0to0 +65°C)

Parameter Symbol Min Max Unit Notes
Supply voltage Vee 3.0 3.6 \% 1,2
Vss 0 0 \Y, 3
Input high voltage V4 2.0 Vec+03 V 1,4
Input low voltage Vi -0.3 0.8 \ 1,5

Notes.  1.All voltage referred to Vg
2.The supply voltage with all VCC pins must be on the same level.
3.The supply voltage with all VSS pins must be on the same level.
4.V y (max) = Ve + 2.0V for pulth width< 3nsat V.
5.V (min) =Vgg— 2.0 V for pulth widthe 3 ns at \4g.

V|V y Clamp (Component char acteristic)

This SDRAM component has;Vand \j clamp for CK, CKE, SDQMB and DQ pins.

18 HITACHI



HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

Minimum V,_Clamp Current

Vi (V) I (mA)
-2 -32
-1.8 =25
-1.6 -19
-1.4 -13
-1.2 -8
-1 —4
-0.9 -2
-0.8 -0.6
-0.6 0
-0.4 0
-0.2 0

0 0

ViL (V)
Minimum V,y Clamp Current
Vi (V) | (mA)
Vee +2 10
Ve +1.8 8
Vee + 1.6 5.5
Ve t1.4 3.5
Ve +1.2 15
Ve +1 0.3
Vec+0.8 0
Ve +0.6 0
Vee +0.4 0
Ve +0.2 0
Vee +0 0
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HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

10
gk
6

I (mA)

4t
2,

os-----#-----®--L--m------B

Vec +0 Ve +0.5 Ve +1 Vee +1.5 Vee +2
Vin (V)

oL/l on Characteristics (Component characteristic)
Output Low Current (o)

loL loL

Vout (V) Min (mA) Max (mA)
0 0 0
0.4 27 71
0.65 41 108
0.85 51 134
1 58 151
14 70 188
15 72 194
1.65 75 203
1.8 77 209
1.95 77 212
3 80 220
3.45 81 223
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HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

250

200

150

--0--min

loL (MA)

--m-- max

100

50

0 0.5 1 15 2 2.5 3 3.5

Vout (V)

Output High Current (o) (Ta=0t065°C, V=30V 10345V,Vgg=0V)

lon lon
Vout (V) Min (mA) Max (mA)
3.45 — -3
3.3 — -28
3 0 -75
2.6 -21 -130
2.4 -34 -154
2 -59 -197
1.8 -67 —227
1.65 -73 —248
1.5 -78 —270
14 -81 —285
1 -89 -345
0 -93 -503

HITACHI
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HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

lon (MA)

—1000—

—200

-300 |

—400

—-600

--0--min
--m--max

Vout (V)

22
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HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

DC Characteristics (Ta = 0to 65°C, Voc =33V £ 03V, Vgg=0V)

(HB52F88EM )
HB52F88EM-75F
PC133 PC100
CE latency =3 CE latency =2
Sym- Note
Parameter bol Min Max Min Max Unit Test conditions ]
Operating current lcc — 640 — 640 mA Burstlength=1 1,23
tRC =min
Standby current in power lccop  — 24 — 24 mA CKE=V|,tcx=12 6
down ns
Standby current in power lccops — 16 — 16 mA CKE =V, tcx=0 7
down
(input signal stable)
Standby current in non lccon'  — 128 — 128 mA CKE, S =V, 4
power down tck =12 ns
Active standby currentin = lcczp  — 32 — 32 mA CKE=V|,tck=12 1,2,6
power down ns
Active standby currentin  lccgy  — 160  — 160 mA CKE, S =V, 1,2,4
non power down tck =12 ns
Burst operating current lcca — 800 — 640 mMA  tck =min, BL =4 1,2,5
Refresh current lecs — 920 — 920 mA  tgc = min 3
Self refresh current lccs — 8 — 8 mA Vig2Vec-02V 8
V) <02V
Input leakage current I -10 10 -10 10 MA  0<Vin< Ve
Output leakage current Lo -10 10 -10 10 HA 0= Vout< Ve
DQ = disable
Output high voltage Vou 2.4 — 2.4 — V  lgy=-4mA
Output low voltage VoL — 0.4 — 0.4 V  lgL=4mA

Notes:  1.I¢ depends on output load condition when the deviceis selected. | (max) is specified at the

output open condition.

2.0ne bank operation.

3.Input signals are changed once per one clock.
4.Input signals are changed once per two clocks.
5.Input signals are changed once per four clocks.
6.After power down mode, CK operating current.

7.After power down mode, no CK operating current.

8.After self refresh mode set, self refresh current.

HITACHI
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HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

DC Characteristics (Ta = 0to 65°C, Voc =33V £ 03V, Vgg=0V)

(HB52F89EM )
HB52F89EM-75F
PC133 PC100
CE latency =3 CE latency =2
Sym- Note
Parameter bol Min Max Min Max Unit Test conditions ]
Operating current lcc — 720 — 720 mA Burstlength=1 1,23
tRC =min
Standby current in power lccop  — 27 — 27 mA CKE=V|,tcx=12 6
down ns
Standby current in power lccops — 18 — 18 mA CKE =V, tcx=0 7
down
(input signal stable)
Standby current in non lccon'  — 144 — 144 mA CKE, S =V, 4
power down tck =12 ns
Active standby currentin = lcczp  — 36 — 36 mA CKE=V|,tck=12 1,2,6
power down ns
Active standby currentin  lccgy  — 180  — 180 mA CKE, S =V, 1,2,4
non power down tck =12 ns
Burst operating current lcca — 900 — 720 mMA  tck =min, BL =4 1,2,5
Refresh current lecs — 1035 — 1035 mA tgrc =min 3
Self refresh current lccs — 9 — 9 mA Vig2Vec-02V 8
V) <02V
Input leakage current I -10 10 -10 10 MA 0<Vin<Vcc
Output leakage current Lo -10 10 -10 10 MA  O<Vout<Vee
DQ = disable
Output high voltage Vou 2.4 — 2.4 — V  lgy=-4mA
Output low voltage VoL — 0.4 — 0.4 V  lgL=4mA

Notes:  1.I¢ depends on output load condition when the deviceis selected. | (max) is specified at the

output open condition.

2.0ne bank operation.

3.Input signals are changed once per one clock.
4.Input signals are changed once per two clocks.
5.Input signals are changed once per four clocks.
6.After power down mode, CK operating current.

7.After power down mode, no CK operating current.

8.After self refresh mode set, self refresh current.
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HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

DC Characteristics (Ta = 0to 65°C, Voc =33V £ 03V, Vgg=0V)

(HB52F168EN)
HB52F168EN-75F
PC133 PC100
CE latency =3 CE latency =2
Sym- Note
Parameter bol Min Max Min Max Unit Test conditions ]
Operating current lcel — 800 — 800 mA Burstlength =1 1,2,3
tRC =min
Standby current in power lccop  — 48 — 48 mA CKE=V|,tcx=12 6
down ns
Standby current in power lccops — 32 — 32 mA CKE =V, tcx=0 7
down
(input signal stable)
Standby current in non lccon'  — 256 — 256 mA CKE, S =V, 4
power down tck =12ns
Active standby currentin = lcczp  — 64 — 64 mA CKE=V|,tck=12 1,2,6
power down ns
Active standby currentin  lccgy  — 320 — 320 mA CKE, S =V, 1,2,4
non power down tck =12 ns
Burst operating current lcca — 960 — 800 mMA  tck =min, BL =4 1,2,5
Refresh current lecs — 1080 — 1080 mA tgrc = min 3
Self refresh current lccs — 16 — 16 mA Vig2Vec-02V 8
V) <02V
Input leakage current I -10 10 -10 10 MA 0<Vin<Vcc
Output leakage current Lo -10 10 -10 10 MA  O<Vout<Vee
DQ = disable
Output high voltage Vou 2.4 — 2.4 — V  lgy=-4mA
Output low voltage VoL — 0.4 — 0.4 V  lgL=4mA

Notes:

output open condition.
2.0ne bank operation.
3.Input signals are changed once per one clock.
4.Input signals are changed once per two clocks.
5.Input signals are changed once per four clocks.
6.After power down mode, CK operating current.

7.After power down mode, no CK operating current.

8.After self refresh mode set, self refresh current.

HITACHI
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HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

DC Characteristics (Ta = 0to 65°C, Ve =33V £ 03V, Vgg=0V)

(HB52F169EN)
HB52F169EN-75F
PC133 PC100
CE latency =3 CE latency =2
Sym- Note
Parameter bol Min Max Min Max Unit Test conditions ]
Operating current lcc — 900 — 900 mA Burstlength=1 1,23
tRC =min
Standby current in power lccop  — 54 — 54 mA CKE=V|,tcx=12 6
down ns
Standby current in power lCCZPS — 36 — 36 mA CKE = V”_, tCK = 00 7
down
(input signal stable)
Standby current in non lccon'  — 288 — 288 mA CKE, S =V, 4
power down tck =12 ns
Active standby currentin = lcczp  — 72 — 72 mA CKE=V|,tck=12 1,2,6
power down ns
Active standby currentin  lccgy  — 360 — 360 mA CKE, S =V, 1,2,4
non power down tck =12 ns
Burst operating current lcca — 1080 — 900 mMA  tck =min, BL =4 1,2,5
Refresh current lecs — 1215 — 1215 mA tge = min 3
Self refresh current lccs — 18 — 18 mA Vig2Vec-02V 8
V) <02V
Input leakage current I -10 10 -10 10 MA 0<Vin<Vcc
Output leakage current Lo -10 10 -10 10 MA  O<Vout<Vee
DQ = disable
Output high voltage Vou 2.4 — 2.4 — V  lgy=-4mA
Output low voltage VoL — 0.4 — 0.4 V  lgL=4mA

Notes:

output open condition.
2.0ne bank operation.
3.Input signals are changed once per one clock.
4.Input signals are changed once per two clocks.
5.Input signals are changed once per four clocks.
6.After power down mode, CK operating current.

7.After power down mode, no CK operating current.

8.After self refresh mode set, self refresh current.
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HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-
Capacitance (Ta=25°C, Ve =3.3V + 0.3 V) (HB52F88EM)

Parameter Symbol Max Unit Notes
Input capacitance (Address) Cu 70 pF 1,2,4
Input capacitance (RE, CE, W) Cpio 63 pF 1,2, 4
Input capacitance (CKE) Ci3 68 pF 1,2,4
Input capacitance (S) Cia 34 pF 1,2, 4
Input capacitance (CK) Cis 50 pF 1,2,4
Input capacitance (DQMB) Ce 16 pF 1,2,4
Input/Output capacitance (DQ) Cyo1 14 pF 1,2,3,4

Notes: 1.Capacitance measured with Boonton Meter or effective capacitance measuring method.
2.Measurement condition: f=1MHz, 1.4V bias, 200 mV swing.
3.DQMB =V 4 to disable Data-out.
4.This parameter is sampled and not 100% tested.

Capacitance (Ta=25°C, Ve =3.3V £ 0.3 V) (HB52F89EM)

Parameter Symbol Max Unit Notes
1,2, 4
Input capacitance (RE, CE, W) (o 66 pF 1,2,4
Input capacitance (CKE) Ci3 70 pF 1,2,4
Input capacitance (S) Cia 39 pF 1,2, 4
Input capacitance (CK) Cis 50 pF 1,2,4
Input capacitance (DQMB) Ci 21 pF 1,2, 4
Input/Output capacitance (DQ) Cio1 14 pF 1,2,3,4

Notes: 1.Capacitance measured with Boonton Meter or effective capacitance measuring method.
2.Measurement condition: f =1 MHz, 1.4V bias, 200 mV swing.
3.DQMB =V 4 to disable Data-out.
4.This parameter is sampled and not 100% tested.

Capacitance (Ta=25°C, Ve =3.3V +0.3V) (HB52F168EN)

Parameter Symbol Max Unit Notes
Input capacitance (Address) Cu 105 pF 1,2,4
Input capacitance (RE, CE, W) Cpio 90 pF 1,2, 4
Input capacitance (CKE) Ci3 68 pF 1,2,4
Input capacitance (S) Cia 38 pF 1,2,4
Input capacitance (CK) Cis 50 pF 1,2,4
Input capacitance (DQMB) Ce 23 pF 1,2,4
Input/Output capacitance (DQ) Cio1 22 pF 1,2,3,4

Notes: 1.Capacitance measured with Boonton Meter or effective capacitance measuring method.
2.Measurement condition: f=1MHz, 1.4V bias, 200 mV swing.
3.DQMB =V 4 to disable Data-out.
4.This parameter is sampled and not 100% tested.
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HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

Capacitance (Ta=25°C, Ve =3.3V +0.3V) (HB52F169EN)

Parameter Symbol Max Unit Notes
Input capacitance (Address) Cu 112 pF 1,2,4
Input capacitance (RE, CE, W) Cpio 97 pF 1,2, 4
Input capacitance (CKE) Ci3 70 pF 1,2,4
Input capacitance (S) Cis 40 pF 1,2,4
Input capacitance (CK) Cis 50 pF 1,2, 4
Input capacitance (DQMB) Ce 27 pF 1,2,4
Input/Output capacitance (DQ) Cio1 22 pF 1,2,3,4

Notes: 1.Capacitance measured with Boonton Meter or effective capacitance measuring method.
2.Measurement condition: f=1MHz, 1.4V bias, 200 mV swing.
3.DQMB =V 4 to disable Data-out.
4.This parameter is sampled and not 100% tested.
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HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

AC Characteristics(Ta=0t065°C,Vcc =33V £03V,Vgg=0V)

HB52F88EM/89EM/

168EN/169EN-75F

PC133 PC100

CE latency =3 CE latency =2

HITA-  PC100
CHI- Sym- Note

Parameter Symbol bol Min Max Min Max Unit s
System clock cycle time tek Telk 7.5 — 10 — ns 1
CK high pulse width tckH Tch 25 — 3 — ns 1
CK low pulse width tekL Tcl 25 — 3 — ns 1
Access time from CK tac Tac — 5.4 — 6 ns 1,2
Data-out hold time ton Toh 2.7 — 3 — ns 1,2
CK to Data-out low impedance tLz 2 — 2 — ns 1,23
CK to Data-out high impedance thz — 5.4 — 6 ns 1,4
Data-in setup time tps Tsi 1.5 — 2 — ns 1
Data in hold time tpH Thi 0.8 — 1 — ns 1
Address setup time tas Tsi 1.5 — 2 — ns 1
Address hold time tAH Thi 0.8 — 1 — ns 1
CKE setup time tces Tsi 1.5 — 2 — ns 1,5
CKE setup time for power down exit tcggp Tpde 1.5 — 2 — ns 1
CKE hold time tceH Thi 0.8 — 1 — ns 1
Command setup time tcs Tsi 1.5 — 2 — ns 1
Command hold time teH Thi 0.8 — 1 — ns 1
Ref/Active to Ref/Active command tgc Trc 67.5 — 70 — ns 1
period
Active to precharge command trRAS Tras 45 120000 50 120000 ns 1
period
Active command to column trRep Tred 20 — 20 — ns 1
command (same bank)
Precharge to active command trp Trp 20 — 20 — ns 1
period
Write recovery or data-in to topL Tdpl 10 — 10 — ns 1
precharge lead time
Active (a) to Active (b) command  tgrp Trrd 15 — 20 — ns 1
period
Transition time (rise to fall) tr 1 5 1 5 ns
Refresh period tReF — 64 — 64 ms

Notes: 1.AC measurement assumesty = 1 ns. Reference level for timing of input signalsis1.5V.

2.Accesstimeismeasured at 1.5 V. Load conditionis C_ =50 pF.

3.tz (max) defines the time at which the outputs achieves the low impedance state.
4.tz (max) defines the time at which the outputs achieves the high impedance state.

5.tcgs defines CKE setup time to CK rising edge except power down exit command.

HITACHI
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HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

Test Conditions

Input and output timing reference levels: 1.5V
« Input waveform and output load: See following figures

2.4V o o 5
e m >
| | | |
0.4y 28V Lo
| | | | CL
L Lo
——— - — -
t ty
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HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

Relationship Between Frequency and Minimum L atency

HB52F88EM/89EM/
Parameter 168EN/169EN-75F
133 100
Frequency (MHz) CE latency =3 CE latency =2
HITA-  PC100
CHI- Sym-

tek (NS) Symbol bol 7.5 10 Notes
Active command to column command  Igcp 2 1
(same bank)
Active command to active command Irc 9 7 =[lras t+
(same bank) Irp]

1
Active command to precharge command Igas 6 5 1
(same bank)
Precharge command to active command Irp 3 2 1
(same bank)
Write recovery or data-in to precharge  Ipp. Tdpl 2 1 1
command (same bank)
Active command to active command IRRD 2 2 1
(different bank)
Self refresh exit time ISrREX Tsrx 1 1 2
Last data in to active command AP Tdal 5 4 =[lpp. +
(Auto precharge, same bank) Irp]
Self refresh exit to command input Isec 9 7 = [lrc]

3
Precharge command to high impedance Iyzp Troh 3
Last data out to active command (auto  |5pg 1
precharge) (same bank)
Last data out to precharge (early lep -2 -1
precharge)
Column command to column command Iccp Tced 1 1
Write command to data in latency lwebp Tdwd O 0
DQMB to data in ) Tdgm O 0
DQMB to data out Ipop Tdgz 2 2
CKE to CK disable lcLE Tcke 1 1
Register set to active command IrsA Tmrd 1 1
S to command disable lcob 0 0
Power down exit to command input IpEC 1 1
Burst stop to output valid data hold Issr 2 1
Burst stop to output high impedance IgsH 3 2
Burst stop to write data ignore Igsw 0 0

Notes:  L1lgcp to Igrp are recommended value.

2.Bevalid [DSEL] or [NOP] at next command of self refresh exit.

3.Except [DSEL] and [NOP]

HITACHI
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HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

Pin Functions

CKOto CK3 (input pin): CK isthe master clock input to this pin. The other input signals are referred at
CK rising edge.

S0to S3 (input pin): When Sis Low, the command input cycle becomes valid. When SisHigh, all inputs
areignored. 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 DRAMS, they
functionin adifferent way. These pins define operation commands (read, write, etc.) depending on the com-
bination of their voltage levels. For details, refer to the command operation section.

A0 to A1l (input pins): Row address (AX0 to AX11) is determined by AO to A1l level at the bank active
command cycle CK rising edge. Column address (AYO0to AY 8) isdetermined by AOto A8 level at the read
or write command cycle CK rising edge. And this column address becomes burst access start address. A10
defines the precharge mode. When A10 = High at the precharge command cycle, al banks are precharged.
But when A10 = Low at the precharge command cycle, only the bank that is selected by A12/A13 (BA) is
precharged.

A12/A13 (input pin): A12/A13 are bank select signal (BA). The memory array isdivided into bank 0, bank
1, bank 2 and bank 3. If A12 isLow and A13isLow, bank O is selected. If A12 isHigh and A13isLow,
bank 1 isselected. If A12isLow and A13isHigh, bank 2 isselected. If A12 isHigh and A13isHigh, bank
3isselected.

CKEO, CKEL1 (input pin): This pin determines whether or not the next CK isvalid. If CKE isHigh, the
next CK rising edgeisvalid. If CKE isLow, the next CK rising edgeisinvalid. Thispinisused for power-
down and clock suspend modes.

DQMBOto DQMBY7 (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 isHigh, the previousdataisheld (the new datais not written). If DQMB isLow,
the data is written.

DQO to DQ63 (input/output pins): Dataisinput to and output from these pins.
CBO0to CB7 (input/output pins): Dataisinput to and output from these pins.
Ve (power supply pins): 3.3V isapplied.

Vg (power supply pins): Ground is connected.
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HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-
Command Operation

Command Truth Table

The SDRAM module recognizes the following commands specified by the S, RE, CE, W and address pins.

CKE
-\ V) A0
Command Symbol n-1n S RE CE W A13 A10 to All
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 V L \Y
Read with auto-precharge READA H x L H L H V H V
Column address and write command WRIT H x L H L L \Y, L Y,
Write with auto-precharge WRIT A H x L H L L \% H \%
Row address strobe and bank active ACTV H x L L H H V vV Vv
Precharge select bank PRE H x L L H L \% 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 \% \% \%

Note: H: V|y. L:V, . x: Vg orV, . V: Vaid address input

Ignore command [DESL]: When this command is set (S is High), the SDRAM module ignore command
input at the clock. However, theinternal statusis held.

No operation [NOP]: Thiscommand is not an execution command. However, the internal operations con-
tinue.

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

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

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

Column address strobe and write command [WRIT]: Thiscommand starts awrite operation. When the
burst write mode s selected, the column address and the bank select address (BA) becomethe burst write start
address. When the single write mode is selected, datais only written to the location specified by the column
address and the bank select address (BA).

Writewith auto-precharge [WRIT A]: Thiscommand automatically performs a precharge operation after

aburst writewith alength of 1, 2, 4 or 8, or after asingle write operation. When the burst length isfull-page,
thiscommand isillegal.
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Row address strobe and bank activate [ACTV]: Thiscommand activatesthe bank that is selected by bank
select address (BA) and determines the row address (AX0 to AX11). When A12 and A13 are Low, bank O
is activated. When A12 isHigh and A13 isLow, bank 1 is activated. When A12 isLow and A13 is High,
bank 2 isactivated. When A12 and A13 are High, bank 3 is activated.

Prechar ge selected bank [PRE]: This command starts precharge operation for the bank selected by A12/
A13. If A12and Al3 areLow, bank Oisselected. If A12isHighand A13isLow, bank 1isselected. If A12
isLow and A13isHigh, bank 2 isselected. If A12 and A13 are High, bank 3 is selected.

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

Refresh [REF/SELF]: Thiscommand startsthe refresh operation. There are two types of refresh operation,
the oneis auto-refresh, and the other is self-refresh. For details, refer to the CKE truth table section.

Moderegister set [MRS]: The SDRAM module has amode register that defines how it operates. The mode
register is specified by the address pins (A0 to A13) 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
Command Symbol n-1 n DQMB
Write enable/output enable ENB H X L
Write inhibit/output disable MASK H X H

Note: H: Viy. L1V L. x:ViqorV,.
Write: Ipp iS needed.
Read: |pop is heeded.
The SDRAM module 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, datais written by setting DQMB to Low. When DQMB is set to High, the previous datais
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 SDRAM modul e operating instructions.
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CKE Truth Table

CKE
Current state Command n-1 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 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
H L H X X X X
Self refresh Self refresh exit (SELFX) L H L H H H X
L H H X X X x
Power down Power down exit L H L H H H X
L H H X X X x

Note: H: VlH' L:V|L.x: VlH OrV”_.

Clock suspend mode entry: The SDRAM 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 after the next clock by internally maintaining
the bank active status.

READ suspend and READ with Auto-precharge suspend: The data being output is held (and continues
to be output).

WRITE suspend and WRIT with Auto-precharge suspend: Inthismode, external signals are not accept-
ed. However, theinternal stateis held.

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

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

IDLE: Inthisstate, al banks are not selected, and completed precharge operation.

Auto-refresh command [REF]: When this command is input from the IDLE state, the SDRAM module
starts auto-refresh operation. (The auto-refresh is the same as the CBR refresh of conventional DRAMS.)
During the auto-refresh operation, refresh address and bank select address are generated inside the SDRAM
module. For every auto-refresh cycle, the internal address counter is updated. Accordingly, 4096 times are
required to refresh the entire memory. Before executing the auto-refresh command, all the banks must bein
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 isinput during the IDLE state, the SDRAM module starts
self-refresh operation. After the execution of this command, self-refresh continueswhile CKEisLow. 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 SDRAM module en-
ters power down mode. In power down mode, power consumption is suppressed by cutting off the initial in-
put circuit.

HITACHI 35



HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

Self-refresh exit: When this command is executed during self-refresh mode, the SDRAM module can exit
from self-refresh mode. After exiting from self-refresh mode, the SDRAM module entersthe IDLE state.

Power down exit: When this command is executed at the power down mode, the SDRAM module can exit
from power down mode. After exiting from power down mode, the SDRAM module enters the IDLE state.

Function Truth Table

The following table shows the operations that are performed when each command is issued in each mode of
the SDRAM module. The following table assumes that CKE is high.

Current state s RE CE W Address Command Operation
Precharge H x x x x DESL Enter IDLE after tgp

L H H H x NOP Enter IDLE after tgp

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/WRITA  ILLEGAL**

L L H H BA, RA ACTV ILLEGAL**

L L H L BA, A10 PRE, PALL NOP*6

L L L H X REF, SELF ILLEGAL

L L L L MODE MRS ILLEGAL
Idle 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/WRITA  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
Row active 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*3

L L L BA, A10 PRE, PALL Precharge

L L L H X REF, SELF ILLEGAL

L L L L MODE MRS ILLEGAL
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Current state s RE CE W Address Command Operation
Read 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 H H BA, RA ACTV Other bank active
ILLEGAL on same bank*3
L L H L BA, A10 PRE, PALL Term burst read and
Precharge
L H X REF, SELF ILLEGAL
L L MODE MRS ILLEGAL
Read with auto- H X DESL Continue burst to end and
precharge 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*3
L L H L BA, A10 PRE, PALL ILLEGAL**
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Write 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*3
L L H L BA, A10 PRE, PALL Term burst write and
Precharge*?
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
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Current state s RE CE W Address Command Operation
Write with auto- H x x X X DESL Continue burst to end and
precharge 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/WRITA  ILLEGAL**

L L H H BA, RA ACTV Other bank active

ILLEGAL on same bank*3

L L H L BA, A10 PRE, PALL ILLEGAL**

L L L H X REF, SELF ILLEGAL

L L L L MODE MRS ILLEGAL
Refresh (auto- H x x x x DESL Enter IDLE after tre
refresh) L H H H  x NOP Enter IDLE after trc

L H H L x BST Enter IDLE after tgc

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: 1LH: Vg LIV L. xtVjgorV,.
The other combinations are inhibit.
2.Aninterva of tpp isrequired between the final valid datainput and the precharge command.
3.If trrp IS ot satisfied, this operationisillegal.
4.11legal for same bank, except for another bank.
5.lllegal for al banks.
6.NOP for same bank, except for another bank.

From PRECHARGE state, command operation

To [DESL], [NOP] or [BST]: When these commands are executed, the SDRAM module enters the IDLE
state after tgp has elapsed from the completion of precharge.

From IDLE state, command operation

To[DESL], [NOP], [BST], [PRE] or [PALL]: These commands result in no operation.
To[ACTV]: Thebank specified by the address pins and the ROW address is activated.

To [REF], [SELF]: The SDRAM module enters refresh mode (auto-refresh or self-refresh).

To[MRS]: The SDRAM module enters the mode register set cycle.
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From ROW ACTIVE state, command operation

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

To[READ], [READ A]: A read operation starts. (However, an interval of tgcp is reguired.)
To[WRIT], [WRIT A]: A write operation starts. (However, aninterval of trep is required.)

To [ACTV]: This command makes the other bank active. (However, an interval of trgp isrequired.) At-
tempting to make the currently active bank active resultsin anillegal command.

To [PRE], [PALL]: These commands set the SDRAM module to precharge mode. (However, aninterval
of tragisrequired.)

From READ state, command operation
To[DESL], [NOP]: These commands continue read operations until the burst operation is completed.
To [BST]: Thiscommand stops afull-page burst.

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

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

To[ACTV]: Thiscommand makes other banks bank active. (However, aninterval of tggp isrequired.) At-
tempting to make the currently active bank active resultsin anillegal command.

To[PRE], [PALL]: These commands stop aburst read, and the SDRAM module enters precharge mode.

From READ with AUTO-PRECHARGE state, command operation

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

To[ACTV]: Thiscommand makes other banksbank active. (However, aninterval of tggrp isrequired.) At-
tempting to make the currently active bank active resultsin anillegal command.

From WRITE state, command operation

To [DESL], [NOP]: These commands continue write operations until the burst operation is completed.
To [BST]: Thiscommand stops afull-page burst.

To[READ], [READ A]: These commands stop a burst and start aread 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 trrp isrequired.) At-
tempting to make the currently active bank active resultsin an illegal command.
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To[PRE], [PALL]: Thesecommands stop burst write and the SDRAM modul e then enters precharge mode.

From WRITE with AUTO-PRECHARGE state, command oper ation

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

To [ACTV]: This command makes the other bank active. (However, an interval of tgrp isrequired.) At-
tempting to make the currently active bank active resultsin an illegal command.

From REFRESH state, command operation

To[DESL], [NOP], [BST]: After anauto-refresh cycle (after tgc), the SDRAM module automatically enters
the IDLE state.
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Simplified State Diagram

SR EXIT

MODE
REGISTER |l

REFRESH [ auto ™!

REFRESH

ACTIVE ACTIVE

CLOCK
SUSPEND

READ
SUSPEND

WRITE
WITH AP

PRECHARGE

WRITEA
SUSPEND

READA
SUSPEND

RRECHARGE

POWER
APPLIED

POWER
ON

PRECHARGH

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

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

The mode register is set by the input to the address pins (A0 to A13) during mode register set cycles. The
mode register consists of five sections, each of which is assigned to address pins.

A13,A12, A11, A10, A9 A8: (OPCODE): The SDRAM module has two types of write modes. Oneisthe
burst write mode, and the other is the single write mode. These bits specify write mode.

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

Burst read and single write: Datais only written to the column address specified during the write cycle,
regardless of the burst length.

A7: Keep thisbit Low at the mode register set cycle. If thispinishigh, the vender test mode is set.
A6, A5, A4: (LMODE): These pins specify the CE latency.
A3: (BT): A burst typeis specified. When full-page burst is performed, only "sequential" can be selected.

A2, Al AO: (BL): These pins specify the burst length.

A13| A12| A11| Al10 | A9 | A8 A7 A6 | A5 | A4 A3 A2 | Al | A0
OPCODE 0 LMODE BT BL
A6 | A5| A4 |CAS Latency A3 | Burst Type Burst Length
o 0| O R 0 | Sequential AZ| AL | AO BT=0 |BT=1
o 0| 1 R Interleave ol o| o 1 1
o 1| 0 2 ol o 1 2 2
of 1| 1 3 of 1| O 4 4
1 X| X R ol 1| 1 8 8
1( 0 0 R R
A13| A12| A11| A10| A9 | A8 | Write mode 1] 0] 1] R R
0 0 0 0 0 0 | Burst read and burst write 1110 R R
x I x| x| x]ol1 R 1| 1| 1| FP R
X X X X 1 0 |Burst read and single write F.P. = Full Page
X X X X 1 1 R R is Reserved (inhibit)
X:0o0r1l
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Burst Sequence
Burst length = 2 Burst length = 4
Starting Ad.| Addressing(decimal) Starting Ad.| Addressing(decimal)
AO Sequential | Interleave Al | AO | Sequential Interleave
0, 1, 0, 1, 0 0|0 1, 2, 3, 0, 1, 2, 3,
1 1, 0O, 1, 0, 0 111, 2 3, 0 1, 0, 3, 2,
1 0|2 30 1, 2, 3,0 1,
1 113 0, 1, 2 3, 2,1, 0,
Burst length = 8
Starting Ad. Addressing(decimal)
A2 | Al | AO| Sequential Interleave
0 0 0|0, 1, 2, 3, 45 6, 7, 0, 1, 2, 3 4,5 6, 7,
0 0 111, 2, 3, 4,5 6, 7, 0, 1, 0, 3, 2, 5, 4, 7, 6,
0 1 0| 2, 3, 4,5, 6, 7, 0, 1, 2,3 0, 1 6, 7, 4,5,
0 1 1|1 3,45 6, 7,0 1, 2, 3, 2,1, 0, 7, 6, 5, 4,
1 0 O 4,5 6, 7,0, 1, 2, 3, 4, 5,6, 7, 0, 1, 2, 3,
1 0 1156 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 0, 1,
1 1 11 7,0 1, 2, 3, 4, 5, 6, 7, 6, 5 4, 3, 2, 1, 0,

Operation of the SDRAM module
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. Bank 0, bank 1, bank 2 or bank 3 is activated according
to the status of the bank select address (BA) pin, and the row address (AX0 to AX11) is activated by the AO
to A1l pins at the bank active command cycle. Aninterval of tgcp isrequired between the bank active com-
mand input and the following read/write command input.

Read operation: A read operation starts when aread command is input. Output buffer becomes Low-Z in
the (CE Latency - 1) cycle after read command set. The SDRAM module can perform a burst read operation.

The burst length can be set to 1, 2, 4, 8 or full-page. The start address for a burst read is specified by the
column address and the bank select address (BA) at the read command set cycle. In aread operation, data
output starts after the number of clocks specified by the CE Latency. 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 clock after
the successive burst-length data has been outpuit.

The CE latency and burst length must be specified at the mode register.
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CE Latency

o LU LT LT L L L UL
1 'RCD !
Command X ACTVX >< I‘?EAD><
Address >< R:ow >< ><C9Iumn><

Dout cL-3 \out0>< outl><out2><out3/

CL = CE latency
Burst Length = 4

Burst Length

=S ) e I I

. 'rRep !

Command XacTv X XREAD)
Address CRow X XColump

o )———————————————————————————————————————————— - ---------- —_—— -
BL=1
{ out 0X out 1> e ————— -
BL=2
Dout out 0X out X out 2Xout 3 e —
BL=4
BL=8
out OX out IXout 2Xout 3Xout A out Bout 6 )Xout 7XoutB): - - - - - GuroXour OXout 1y, "~
BL = full page s

BL : Burst Length
CE Latency = 3

Write operation: Burst write or single write mode is selected by the OPCODE (A13, A12, All, A10, A9,
AB8) of the mode register.

1. Burst write: A burst write operation isenabled by setting OPCODE (A9, A8) to (0, 0). A burst write starts
in the same clock as awrite command set. (The latency of datainput isO clock.) 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 ad-
dress and the bank select address (BA) at the write command set cycle.

3 S

. rcDp !

Command GerX XX R

Address S

hg —m/mM8M8M8M8M - -- - - _— -

BL=1
in0 X in1 —————— .

BL=2
Din ¢ —— <o) 1X(in 2Xn 3 )= _
GnoXin1Xin2Xin3 Xin4 Xin5 Xin 6 Xin 7 e ——

BL=8
Cin0XCin 1Xin 2 Xin 3 Xin 2 Xin 5 X(in 6 X(in 7 Xin 8 )------------- CinoaXin 0 Xin 177"

BL = full page

CE Latency =3
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2. Singlewrite: A singlewrite operation isenabled by setting OPCODE (A9, A8) to (1, 0). Inasinglewrite
operation, datais only written to the column address and the bank select address (BA) specified by the write
command set cycle without regard to the burst length setting. (The latency of datainput is O clock).

S o

| trcD |

|
-

Command ><A1CTV>< X WRlTX
Address XROW >< ><C9Iumn><

Din

N\
\in0

Auto Precharge

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

CE latency Precharge start cycle
3 2 cycle before the final data is output
2 1 cycle before the final data is output

Burst Read (Burst Length = 4)

CLK :
| | | |

|
cL=3 command _ X _ACTV. X X ReapA X

; T 1 | | |
RAS | |

|
ouo X outt X outz X out3
|

I

| |

DQ (input) + +
| |

| |

Note: Internal auto-precharge starts at the timing indicated by "ygg".
And an interval of tgas (Iras) is required between previous active (ACTV) command and internal precharge *

Writewith auto-precharge: Inthisoperation, since prechargeisautomatically performed after completing
aburst 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 |5pyy IS required between the final valid data input and input
of next command.
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Burst Write (Burst Length = 4)

Command >Q§CT}>< >@T’R'T X ‘ ‘ >QCT W

| | |
< = - |

_ L | |
Din in0 X inl1 X in2 X in3 }
| | |

\H\

Note: Internal auto-precharge starts at the timing indicated by " ".
and an interval of tgas (Iras) iS required between previous active (ACTV) command
and internal precharge *

Single Write

Command >@< RITA CT

i< IRASJ';

Din { in

Note: Internal auto-precharge starts at the timing indicated by " ".
and an interval of tgas (Iras) is required between previous active (ACTV) command
and internal precharge *

Full-page Burst Stop

Burst stop command during burst read: The burst stop (BST) command is used to stop data output during
afull-page burst. The BST command sets the output buffer to High-Z and stopsthe 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 isvalid only during full-page burst mode, and isillegal with burst lengths 1, 2, 4 and 8.

CE latency BST to valid data BST to high impedance
2 1 2
3 2 3
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CE Latency = 2, Burst Length = full page

ot B S B S

Command >< BST ><

1
1
1
|
Dout >< out X out X out >< out X out >\ <I)ut
|

i_': lggy = 2 cycle
lgsr = 1 cycle
CE Latency = 3, Burst Length = full page
oK [ S S N s L
Command ‘BST X

X
Dout >< out X out >< out out ><

‘ >

|
P> | 55,,= 3 clocks

I
|
I
T
| |
| |
ot X out X out !
L
I
|
]

" Iggr= 2 clocks

Burst stop command at burst write: The burst stop command (BST command) is used to stop data input
during afull-page burst write. No datais written in the same clock asthe BST command, and in subseguent
clocks. In addition, the BST command is only valid during full-page burst mode, and is illegal with burst
lengths of 1, 2, 4and 8. And aninterval of tpp isrequired between last data-in and the next precharge com-
mand.

Burst Length = full page

CK

Command X BT X XPRE/PALLX
Din 3( in X in i

|
| tDPL
| "r

I gsw = 0 clock
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Command Intervals
Read command to Read command interval:

1. Samebank, 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 inter-
val of no lessthan 1 clock. Even when the first command isaburst read that is not yet finished, the data read
by the second command will be valid.

READ to READ Command Interval (same ROW addressin same bank)

Dout

\ !

Bar?ko Column =A Column =B Column =A Column =B CIE Latency = 3
Active Read Read Dout Dout
Burst Length = 4

Bank 0

2. Samebank, 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.

3. Different bank: When the bank changes, the second read can be performed after an interval of no less
than 1 clock, provided that the other bank isin the bank-active state. Even when the first command isaburst
read that is not yet finished, the data read by the second command will be valid.

READ to READ Command I nterval (different bank)

SiptipipininininininininininEnininl

Command “Xaerv X XacrvXREADXRER
Address — X ROWOXZXE : ‘

\
‘ ‘ : ‘ ! !
I I I I ! I
BA ‘ / | \ i / 1\\\ :
| | ‘ | |
Dout : : : : out AOXout BoXout BLXout B2Xout B3
1 I I I ! I
Bank0 Bank3 BankO Bank3 Bank0 Bank3 ——
E Latency =
Active Active Read Read Dout  Dout CE Latency = 3

Burst Length = 4

Write command to Write command interval:

1. Samebank, 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
lessthan 1 clock. In the case of burst writes, the second write command has priority.
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WRITE to WRITE Command Interval (same ROW addressin same bank)
CK

‘ ‘
Command “WacTvX__XWRITXWRIT
1 ; 1
Address "X rgw X Xgotumn Aotumn 8
1

BA 1
: Y
Din in A0 Xin Bo Xin B1 Xin B2 Xin B3
Bank0  Column =A Column =B Burst Write Mode
Active Write Write Burst Length = 4
Bank O

2. 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.

3. Different bank: When the bank changes, the second write can be performed after an interval of no less
than 1 clock, 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)

Spiigligiigiigiigigiginininininlinlinlinl
Command :><Ac‘jrv><:><ACjTVXWI%ITXWFj{ITX

Address mmolu:mn é(cmuim X

A\ /7 N\

1y Y

Din : y in A0 Xin BO X in B1 X in B2 X in B3
BankO Bank3 Bank0O Bank3 Burst Write Mode
Active Active  Write  Write Burst Length =4

Read command to Write command interval:

1. 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
lessthan 1 clock. However, DQMB must be set High so that the output buffer becomes High-Z before data
input.
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READ to WRITE Command Interval (1)

1S3 1 B I O O B
Command XREADXWRITX
DOMB
CL=3
Din in B0 Xin B1 Xin B2 Xin B3 )—————
; Burst Length =4
High-Z
Dout = Burst write

READ to WRITE Command Interval (2)

S O O
Command XREADX : XWRliTX
DQMB j :
CL=3 "2 clock ;
Dout D i Hon2
Din XXX~

2. 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.

3. Different bank: When the bank changes, the write command can be performed after an interval of no less
than 1 clock, provided that the other bank isin 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:

1. Samebank, 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 clock. However, in the case of aburst write, datawill continue to be written until one cycle before the
read command is executed.
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WRITE to READ Command Interval (1)

NN S e s i o
Command X WR‘IT X — X ‘
DQMB—\ i i

Dout { outBO >< out B1 >< out B2 X outB3 —
Column=A -~ bi CE Latency Burst Write Mode
Write coumn =B Column =B CE Latency :_3
Read Dout Burst Length = 4
Bank 0

WRITE to READ Command Interval (2)

e[ L] S |_| L] |_'_|_|_| N A I
Command X wriT X X Rreap X

|
DQMB !
I

I
I
|
:
I
Din 4-(in A0 in Al ;
I
I
I
I
I
I
i

|
|
Dout :
|

< o‘utBO X out B1 X out B2 X out B3 >—

Burst Write Mode

Column=A mE ==

Write CE Latency CE Latency = 3
Column =B Column =B Burst Length = 4
Read Dout Bank 0

2. 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.

3. Different bank: When the bank changes, the read command can be performed after an interval of no less
than 1 clock, 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 clock before the read command is executed (as in the case of the
same bank and the same address).

Read with auto prechargeto Read command interval

1. Different bank: When some banks are in the active state, the second read command (another bank) is
executed. Even when the first read with auto-precharge is a burst read that is not yet finished, the data read
by the second commandisvalid. Theinternal auto-precharge of one bank starts at the next clock of the second
command.

Read with Auto Precharge to Read Command Interval (Different bank)
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\

ckl LT L[ L Lo L LI L1
Command :>( READ A X X _READ X | | |
N 7
Dout : : : ( outA0 X outAl X outBO X outBl X
bank0 bank3 o
Read A Read CE Latency =3

Burst Length = 4

Note: Internal auto-precharge starts at the timing indicated by " *

2. Same bank: The consecutive read command (the same bank) isillegal.
Writewith auto prechargeto Write command interval

1. Different bank: When some banks are in the active state, the second write command (another bank) is
executed. In the case of burst writes, the second write command has priority. The internal auto-precharge of
one bank starts at the next clock of the second command .

Writewith Auto Prechargeto Write Command Interval (Different bank)

ck[ 1L L[| [_| | *I [ N N B
Command — XWRITA X X WRT_X_ | | |
o Y A/ B e —
Din——inA0 X inA1 X inB0O X inB1 X inB2 X inB3
bank0 bank3
Write A Write Burst Length = 4

Note: Internal auto-precharge starts at the timing indicated by " *

2. Same bank: The consecutive write command (the same bank) isillegal.
Read with auto prechargeto Write command interval

Different bank: When some banks are in the active state, the second write command (another bank) is exe-
cuted. However, DOMB must be set High so that the output buffer becomes High-Z before datainput. The
internal auto-precharge of one bank starts at the next clock of the second command.

Read with Auto Prechargeto Write Command Interval (Different bank)
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¥
oKL L LI L1 L L]

Command XREAD AX_WRIT X

BAT\ ./ \
e
Din 4( in BO X in B1 X in B2 X in B3 >
Douti : High-Z (
bank0 bank3 Burst Length = 4

Read A  Write

Note: Internal auto-precharge starts at the timing indicated by " *

2. Same bank: The consecutive write command from read with auto precharge (the same bank) isillegal.
It is necessary to separate the two commands with a bank active command.

Write with auto prechargeto Read command interval

1. Different bank: When some banks are in the active state, the second read command (another bank) is
executed. However, in case of aburst write, data will continue to be written until one clock before the read
command is executed. The internal auto-precharge of one bank starts at the next clock of the second com-
mand.

Writewith Auto Prechargeto Read Command Interval (Different bank)

ekl LI L[ 1 [ Lo | LI 751 [—
Command | XWRITAYX_READ X__ | | | | |

BATN /T N\
DQMB 3 \ 3 3 | | | | /
Din —(Tin A0 )— f f f f f f
Dout ! : (out BO XoutB1 XoutB2 XoutB3 )
banko bank3 CE Latency = 3
Write A Read Burst Length = 4

Note: Internal auto-precharge starts at the timing indicated by " *

2. Same bank: The consecutive read command from write with auto precharge (the same bank) isillegal.
It is necessary to separate the two commands with a bank active command.

Read command to Prechar ge command interval (same bank):
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When the precharge command is executed for the same bank as the read command that preceded it, the min-
imum interval between the two commands is one clock. However, since the output buffer then becomes
High-Z after the clocks defined by | zp, thereis a case of interruption to burst read data output will be inter-
rupted, if the precharge command isinput during burst read. To read all data by burst read, the clocks defined
by |gp must be assured as an interval from the final data output to precharge command execution.

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

CE Latency = 2, Burst Length =4

CK
: ; : ;
Command >< READ >< 3 ><PRE/PALL><
i i i i
Dout : out A0 >< out Al >< out A2 >< out A3
| ! i |
CL=2 lep =-1cycle

CE Latency = 3, Burst Length =4

£ e e e e o e e e I s S S U I A

|
Command READ PRE/PALL)

Dout L out AO out A1 out A2 out A3

] i ;
o) o s oo

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

ELatency =2, Burst Length = 1, 2, 4, 8, full page burst

< 3 I e
Command >< READ ><PRE/PAL><

Dout : out A0

High-Z

lhzp =2

ELatency =3, Burst Length = 1, 2, 4, 8, full page burst

i B e e e W i B e W i e I
Command >< READ ><PRE/PALI><

Dout % out A0

High-Z

\ 4

lhzp =3
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Writecommand to Prechar ge command interval (samebank): 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 clock. However, if the burst write operation is unfinished, the input data must be masked by means of
DQMB for assurance of the clock defined by tpp, .

WRITE to PRECHARGE Command I nterval (same bank):

Burst Length =4 (To stop write operation)

CK||_||_||_!|_||_||_||_||_||_||_||_
>< WRIT ><PRE/IPALL><

Command

DQMB J

e[ L oL 7 07 -7 7 -7 7 7 I ’-J 1

i i
i
Command WRIT 3 PRE/PALL
| :
|
DQMB ! i
'
1 |
Din in AO in AL
!
; |
———————————--

opL

Burst Length =4 (Towriteall data)

e[ L L7757 r_

: i
Command >< WRIT >< i ><PRE/PALL><
1 i
DQMB } T
i
i
Din in AO >< in Al >< in A2 >< in A3
T i
——-

topL

Bank active command interval:

1. Samebank: Theinterval between the two bank-active commands must be no less than tre.
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Bank activeto bank active for same bank

i X X
Address :>< row X 0 X RC:’W X
oA\ ) NS

Bank 0 Bank O
Active Active

2. In the case of different bank-active commands: The interval between the two bank-active commands
must be no less than trrp.

Bank activeto bank active for different bank

Command >< ACTV >< >< ACTV ><
Address >< ROW:0 >< >< ROW:1 ><
BA  \ | / / | \
g >
i tRRD .
Bank O Bank 3
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 | ggp.
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CK | | | |
Command >< MRS >< ACTV ><
Address >< CO‘DE ><BS & .ROW><

i IRrRsA
Mode Bank
Register Set  Active

DQMB Control
The DQMB mask the DQ data. Thetiming of DQMB is different during reading and writing.

Reading: When datais 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 dataiis not output. However, internal reading operations continue. Thelaten-
cy of DQMB during reading is 2 clocks.

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 datais held. Thelatency
of DQMB during writing is O clock.

Reading
I I
CK ‘

I I
T I

DQMB | !
I I
I .
! High-z —

Dout { outo >< out 1 i out 3 >—

| |
[ V
I I
| lpop = 2 Latency |
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Writing

= B

DQMB

Din ino X in1 >W X __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 internal counter every time it is executed and determines the banks and the
ROW addresses to be refreshed, external address specification is not required. The refresh cycle is 4096 cy-
cles/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 required.

Self-refresh: After executing aself-refresh command, the self-refresh operation continueswhile CKE isheld
Low. During self-refresh operation, all ROW addresses are refreshed by the internal refresh timer. A self-
refresh isterminated by a self-refresh exit command. Before and after self-refresh mode, execute auto-refresh
to al refresh addresses in or within 64 ms period on the condition (1) and (2) below.

(1) Enter self-refresh mode within 15.6 ps after either burst refresh or distributed refresh at equal interval to
all refresh addresses are completed.

(2) Start burst refresh or distributed refresh at equal interval to all refresh addresses within 15.6 s after ex-
iting from self-refresh mode.

Others

Power -down mode: The SDRAM modul e enters power-down mode when CKE goesLow in the IDLE state.
In power down mode, power consumption is suppressed by deactivating theinput initial circuit. Power down
mode continueswhile CKE isheld Low. In addition, by setting CKE to High, the SDRAM module exitsfrom
the power down mode, and command input is enabled from the next clock. In this mode, internal refreshis
not performed.

Clock suspend mode: By driving CKE to Low during a bank-active or read/write operation, the SDRAM
module enters clock suspend mode. During clock suspend mode, external input signals are ignored and the
internal stateismaintained. When CKE isdriven High, the SDRAM module terminates clock suspend mode,
and command input is enabled from the next clock. For details, refer to the "CKE Truth Table".

Power -up sequence: The SDRAM module should be gone on the following sequence with power up.

The CK, CKE, S, DQMB and DQ pins keep low till power stabilizes.
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The CK pin is stabilized within 100 ps after power stabilizes before the following initialization sequence.
The CKE and DQMB is driven to high between power stabilizes and the initialization sequence.

This SDRAM module has V ¢ clamp diodes for CK, CKE, S, DQMB and DQ pins. If these pins go high
before power up, the large current flows from these pinsto V ¢ through the diodes.

Initialization sequence: When 200 ps or more has past after the above power-up sequence, all banks must
be precharged using the precharge command (PALL). After tgrp delay, set 8 or more auto refresh commands
(REF). Set the mode register set command (MRS) to initialize the mode register. We recommend that by
keeping DQMB to High, the output buffer becomes High-Z during Initialization sequence, to avoid DQ bus
contention on memory system formed with a number of device.

Power up sequence o Initialization sequence
‘ 100ps 200ps
Vee OV 1 ) )
CKE, DQMB —Low L | | ) )
oK _Low | I ) S B O A Y
SpQ Low | } ) i
Power stabilize
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Timing Waveforms

Read Cycle

tek

Lok tekL
SV O A VAN (AN SN N AN ANV SNV
RC
— Vi
CKE tras o
trep
tcs| teH tcs| tcH tcs| teH tes| teH
s [ 7 7 T
¢ tcs| ten
tcs| ten j—N—»{ tcs| ten tcs| ten
RE £ it }
tes| ten tes| fen tes| ten
/F_. ‘K/ tes| ten /F—bq—:k/ -
CE /j)t j
tes| ten [les| ten tcs| fen
o I tes| teH |
W 72 IXT 7 \
tas| taH tas| tAH tas| taH tas| tAH
~e T NN 7 ) ‘
BA A a: : /J‘// /V
tas| tan tas| tan
/>E—v tas| tan tas| tan i
a0 ‘ YA B
f
tas| tAH tas| tAH tas| tAH
Address ~ />F % % @E_. k
tes tcH
DQMB /i\‘ ‘
Din
tac tac tac [
Dout
tac > [«
~ ton ton foH tou CE latency = 3
Bank 0 Bank 0 Bank 0 Burst length = 4
ctive Read Precharge Bank 0 access

=Vigorvi
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Write Cycle

ek

tekH ek
e

C

%

trRep
tcH

tcs| tcH

tRAs

tcs| tcH

tcs| teH

S

tcH
tcs| tcH | | tcH tcs
7
RE X y Y
tcs| tcH . tcs| tcH tcs|tcH ‘
[ tcs| tcH ’q—» -
|
e 7 % a7 71T X 7 X
tcs| tcH tcs|tcH
» tcs| tcH tcs| tcH }
w 7 ! %N, Z8
tas| taH tas| taH ‘ ‘ tas| tAH tas | tAH
BA / L N j‘ 2. ‘t j?
tas| taH ‘ ‘ tas | taH
»E—* tas| taH tas| taH
ALO W ya /X‘ j/‘ Z
tas| taH tas| tAH ‘ ‘ tas| taH
Address »E_; ;% A >E % £ >Z SC
tcs tcH
[Phid <—T
DQMB :
tps| toH_ps| toH 'Ds| toH ['Ds| ton
Din —‘
/
topL
Dout
Bank 0 Bank 0 Bank 0 CE latency = 3
Active Write Precharge Burst length = 4

Bank 0 access

=Viyor V|
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Mode Register Set Cycle

0 12 3 4 5 6 7 8 9 410 411 12 13 14 15 16 17 18
CKE — Vpt——————————
SN TN N TN T TN
RELLNL LAZ77N | ) NGriry ) NN, L g7
CF e [ "L [ NLLN, Ly ey NG
W N L 2NV 7 X 7 XZ %N/
BA NV 7 X2 /T XL /T XL
Address 0.y G IS s
Dout —————————————————————— b X b X1 )br2)b+3)
Din i i l l — l l 1 Higih-z 1 l : i i i i i i i
Lo lReal L b n T
‘ lRP A RSA‘ lRCD ‘ Output mask IRCcD=3
Precharge Mode Bank 3 Bank 3 CE latency = 3
If needed g}gster Active Read Burst length = 4
Cd=Vihor vy

Read Cycle/Write Cycle

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Read cycle

| | | | | | | | | | | | _—
| . . I L L RE-CE delay =3
TN NN N L NN T T\ CElaeney=3
I
|
|

\ Ny Burst length = 4

: — CI=Vinor vy

/ N\ LT O\ L7777 T
Address 7 )RaX__CaX XREX . 2XCBX. XCENXCEX,
A | | | | | |

DQME T : A
Dout ————————————————@ YarLXa+2)Xar3)——b_XoriXbr2Xer3Xb Yo+ 03
O s s s s =2 e A S A A N A
| Banko | | Bank0o | Bank3 | | Bank3 Bank0 | Bank3 | Bank3 | | | Bank3 | !
I Active I I Read I Active I I Read  Precharge I Read I Read I I I Precharg¢ 1
I I I I I I I I I I I I I I I I I I I I I I
CKE VWi & T T T Write cycle
I I I I I I I I I I I I I I I I 1 I I I 1 I ﬁ_ﬁ dela = 3
ST/ T\ LT T\ O\ LT T T\ s
1 T I I T I T I I T I T | T I T I | I T I I =
RE ZZA\._/ 7 AL L 7 XA LT N & AL/ S{'\e/“gg]r;/“
— 77 4= VIH IL
W T A 1 ‘ Al
BA 772\ 4

. /7T

L
Address 7/ YR:aX/ ./ XC:aX/XR:b) (C:bX)E:b)

I I I I I I I I I I
DQMB | | | //C A\ | | | | | | | | /
T T T T T T T T T T T Ty T T T T T T T T T
I I I I I I I I I I I High-Z I I I I I I I I I
DOUt I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I
I I I I I I
' BankO Bank 0 Bank 3 Bank 3 Bank 0 Bank 3 Bank 3 Bank 3 '
Active Write Active Write Precharge Write Write Precharge
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Read/Single Write Cycle

10 11 12 13 14 15 16 17 18 19 20

9

8

[

A

a v
I
I
Bank 0 Bank 0

Bank 3
Precharge

|
a_arDXa+r2)at3)—

Bank 0
Precharge

Write Read

o

x5

=8
__1_58.-

o

¥ PlElEE
O

RaX

Address

(C:aXXCbXC:c X,

)\‘

LN

3

4

3

Read/Single write

RE, CE delay

Burst length

CE latency
(I

Bank 0
Precharge

Bank 0 Bank 0

Write  Write

Bank 0

Write

\\\\\\\\\

Vigor Vi
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Read/Burst Write Cycle

T memem/ﬂ 1 ‘mm““““ N
NN N | - omduw// SSANEN B 8
N NNININNBC R NN
. LN AN g O
NN R CE
TRPNNN R m m
u/AAA mA vl e uv NININ g
1 ININININ\ B ‘/“\‘A‘WAWA O N‘allmm
RN {NININININRH B B
ue ““““““ n
) CF]
RN E N JLE
TN s NS ma
T ANDN gl 2 RS N:/i/‘m NEEE
3 3
o \\v‘/\ ~N WA \\\\\\\\\\\\\\ v\/‘ /Ja A
T /\\.\A\\ﬂ\v n 1 \MM T /A/Aa \\\\\\\ Mw
o \\/‘v\v\/\ TN ~N v v N >N
) /m L Y e m \\\\\\\
< < Frq
B AN NN TN NN NN NNNRH

YW g
O o 10 oM

Address
DQMB
Din
Dout
CKE
DQMB

3

3
=4

Vigor Vi

Read/Burst write

RE, CE delay

Burst length

(I

CE latency

HITACHI

64



HB52F88EM -75F, HB52F89EM -75F, HB52F168EN-75F, HB52F169EN-

Full Page Read/Write Cycle

CKE VWl T T T 7 7 7 7 Y . 1 . 1 1 1 1 . | Readgode
= | | D — ——— | | RE, CE delay = 3
SN TN N T T T N /TN T Ry as
RE 7“ 7>\1 /{ ‘ /1 ‘(‘ )\1 /‘ 5§ /1 ‘(‘ )\1 /‘ Burst length = full page
CE LT \LLZAL LT X 777X Cd=Vinor v
WZT 2T T T i L
BA_ZAN [N L7 X HY /X
Address Xra X/~ XcaX/ Krb ) )
DQMB A I N N 4
Dout ——————— e Xe O XXX ———
Din — b MR
e Em Lm0 0 D meew pmgg
CKE VWi T T Writeopeke
s T A/ T\ / L/ l T T T T T T T W@,CEdelay:3
S | ‘ | | | ‘ | | | | | | | | | | ‘ | ' CE Iatency=3
RE / ;‘ ;\1 /‘ / ! X X: /‘ ‘ 7 1 VA ! / Burst length = full page
CE LLT N\LZIN LT L § 7 X7 X2 C=VinorviL
w7\ N /70X N AL
8A ZZA\L_[Z77N_ 77T N T
Address 2 Xea X727 XeaX 7 X ) 77 T 7777 7777,
DQMB N S
Do —————————————
pin ——— XXX X XXX O ———
‘ E?{n keo ‘ ‘ \?\Ia;'r;: o 22{‘ ke3 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | Bistsuop E?g‘ckhgrg; ‘
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Auto Refresh Cycle

0 1 2 3 4 5 b 7 8 9 0 11 12 13 14 15 16 17 18 19 20
oK J‘ U‘ U‘ U‘ U‘ U‘ U‘ U‘ U‘ U‘ U‘ U‘ U‘ U‘ U‘ U‘ U‘ U‘ U‘ U‘ U‘ U‘
P L T N O M
_
VR
ST/ TN T T N T NN
we 2O\ L7777 s A L

o L0 NZZN L7
w ZZA L7777 NI
BA N
Address Z 7 ; ; 7 7 y . 7 ; ; ; 7 y . m 7

AL

DQMB

Din —

N O
vooalger T T
e N Doy

' “ | tgp “ Lo
Refresh cycle and
Auto Refesh Adive  Read
;':ec:gé%e ot futoRefesh Bank 0 Bank0 Read cycle
RE-CE delay =2

CE latency = 2
Burst length = 4
=VigorViL
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Self Refresh Cycle

e Lo (SR
S T\LT T\ AT T T\ LAz T N T T
N W e W SN
= N [TTT I L N/

WAL N7 AT 7T O ~

Address 5 % it
| |
DQMB ! /S\/ Il Il Il ‘%Y ! /S({ ‘
Din — {5 L E N
Dout —— ) e T |
AR A ke h b TRep p
precharge command  Selrefes enty Soichesnont  Ned  sefveresneny Mot [ RE GE delay 3

or No operation enable enable CE latency = 3
Burst length = 4
=Vigor Vi

Clock Suspend Mode

tces tcen tces

|
10 11 12}{13 14 15 16 17 18 19 20

RE, CE delay = 2

CK
CKE | | | L fv 7 7 7 T T 7 1 Readgycle
= ! ! LA ! RE, CE delay = 2
ST\ SN XA N TN ey 2a
RE AL / 7 XL/ 7T \_Z A\, /7~ Burstlength =4
Jp— N . | L N " L ) " L ; | N " L N N 7] =
ok 2L N7 777777777777, [ NZZZT, Xz AT Ve
W27 X /i T X /T L AL 7
| " | " . . " " ; " L . | L ; " L
BAZZN /77770 A LAY LA \ LT L
Address IIAE"IIIIIIIIIIA”I@
DOMB AL L L g N
Dout ———————————————————————<a_Xa+L a3 ﬂ
. | | | | | | | | | | | | | High-Z | | | | | |
Din — ' ' + + ' ' + t ' + + +
| IR | NN
I BankO Active clock | Active clock Bank0 | Bank3 | Read suspend Read suspend Bank3 BankO | Earliest Banka
| Active suspend start | suspend end Read | Active | end Read Precharge | Precharge
CKE | | \‘ 1 1 1 /1 | | \1 1 1 / ; | | | | | | | Write cycle
Il L I I Il Il I I
A L /T X 7\

I I
Il Il Il Il
b\~ | CE latency = 3

|
| I T |
s T\ /T X |
RE A/ 77 \L_/ 7 \_/ AL/ Burst length = 4
I I T ] I I T 1 T I I T T I ! I:I =Vjgor Vi
CE L L AL /X ANV 7 X
w2 X2 A /T AL/ AL/
| I I T L I I ! I T I I I I
BAZZ\ /. NIV 7 \_1. /T &
Address RiaX /L XCa RO L
DQMB />\\ | | I I I I s
Dout ————— T 1 e
. I I I I I I I I I I I
B B R €I CI5Y CX5) G (T OO (5) 0 (R e
Bank0 Active clock Active clock Bank0 Bank3 ~ Write suspend Write suspend  Bank3 Bank0 Earliest Bank3
Active  suspend start supend end Write  Active end Write Precharge Precharge
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Power Down Mode

oke T el —
22777 LTI
= T Xy T AT T
WA [T < T
oh NN A7 L,

Address i\ XX

DQMB AT
Din : ! ! ‘ )/)
Dout 1 1 {— High-Z 1 ‘ : |
! "top ‘ ‘ ‘ | | |
RP
orech ‘ . Powefdown entry oo erto . T Power down cycle
recharge comman Wi Wi DE ~E —
If neede%i mode exit RE, CE delay = 3

Active Bank 0 CE latency = 3
Burst length =4
=Vigor Vi

Initialization Sequence

S 0 1 2 3 4 5 6 7 8 9 10 48 49 50 51 52 53 54 55
STPQU 1Y e e e e e e e e e e e o e B
. N R R
€ AT RIS IR
S AN — N~ Rl
RE 2200 W2 : A 7 7z N
e 20 W7 ) L N LT N
w I N/ L)y N 77T L
Address 77 (777 70aiaX7 A& e CID D L)
oo (- It o
o0 /1 ) e
Trp ., o 4 M
Slrle?:ahgﬁe Auto Refresh Auto Refresh ’\Sﬂeolde register Eannekegggve
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Physical outline

Unit: MM
Front side inch
- 133.37 £0.15 N
2.00typ ‘ 5.251 + 0.006
oLeop (DATUM -A-) 4.00 max
- | -—
~ (63.67) o 0.157 max
< (2.51)
oo
e I<r=
oo ==
Al Component area EE
o0
2 g (Front) <2
v 7%, Y
‘ T A O O M A N T T 84 i
A .
™ _c ~_B A
11.43 . 36.83 - 54.61 1.27 £0.10 o
0450 1.450 - 2.150 0.050 £0.004
Backside 127.35 £ 0.15 _
- 5.014 + 0.006 o
oy 21 93.00+0.10
S 2 21 90.1180.003
o
Hix S8 I I O OO 0 TS
o i") o
NS )
et Component area 2%
(Back) @1
A F
W (DATUM -A-)
Detail A Detail B Detail C
[ee]
§ S 127 R FULL (DATUM -A-) 100 R FULL
o | | * .
(5 0050 ¥ 0.039
3w I 212
[} Hi=}
S B 1
| | Q2 635 6.35
sls &3 0.250 g[8 ™0.250
\ A 3|8l lle200£0.10 S|l 4.175
i L 0.079 £ 0.004 HlH 0.164
1.00£0.05, al dl8 | | 4200£0.10
0.039 + 0.002 olo wlo 0.079 * 0.004|

Note: Tolerance on all dimensions + 0.15/0.006 unless otherwise specified.
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Cautions

1.

Hitachi neither warrants nor grants licenses of any rights of Hitachi's or any third party’s patent, copy-
right, trademark, or other intellectual property rights for information contained in this document. Hitachi
bears no responsibility for problems that may arise with third party’s rights, including intellectual property
rights, in connection with use of the information contained in this document.

Products and product specifications may be subject to change without notice. Confirm that you have re-
ceived the latest product standards or specifications before final design, purchase or use.

Hitachi makes every attempt to ensure that its products are of high quality and reliability. However, con-
tact Hitachi’s sales office before using the product in an application that demands especially high quality
and reliability or where its failure or malfunction may directly threaten human life or cause risk of bodily
injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation, traffic, safety
equipment or medical equipment for life support.

Design your application so that the product is used within the ranges guaranteed by Hitachi particularly
for maximum rating, operating supply voltage range, heat radiation characteristics, installation conditions
and other characteristics. Hitachi bears no responsibility for failure or damage when used beyond the
guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable failure rates or fail-
ure modes in semiconductor devices and employ systemic measures such as fail-safes, so that the equip-
ment incorporating Hitachi product does not cause bodily injury, fire or other consequential damage due
to operation of the Hitachi product.

This product is not designed to be radiation resistant.

No one is permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

Contact Hitachi's sales office for any questions regarding this document or Hitachi semiconductor prod-
ucts.
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Revision Record

Rev. Date Contents of Modification Drawn by  Approved
by
0.0 Feb. 20, 1999 Initial issue T. Oono K. Tsuneda

(referred to HM5264165F/HM5264805F/HM5264405F
-75/A60/B60 rev. 0.1)

0.1  Jul. 30, 1999 (referred to HM5264165F/HM5264805F/HM5264405F

-75/A60/B60 rev. 0.1)
Addition of the CE latency = 2 (100 MHz)
Serial PD Matrix
Byte 18: 04 to 06
Byte 23: 00 to AO
Byte 24: 00 to 60
Byte 63: 8C to 8E (88EM)

: 9E to AO (89EM)

: 8D to 8F (168EN)

: 9F to Al (169EN)
Byte 126: 85 to 64
Byte 127: AD to AF (88EM/89EM)

: FD to FF (168EN/169EN)

Change of Physical Outline
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