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Description

The Hitachi HM5164165 Series, HM5165165 Series are 64M-bit dynamic RAMS organized as 4,194,304-
word X 16-bit. They have realized high performance and low power by employing CMOS process
technology. HM5164165 Series, HM5165165 Series offer Extended Data Out (EDO) Page Mode as a high
speed access mode. They have the package variations of standard 50-pin plastic SOJ and standerd 50-pin
plastic TSOPII

Features

e Single 3.3 Vsupply: 33V:03V
¢ Access time: 50 ns/60 ns (max)
* Power dissipation
— Active: 432 mW/396 mW (max) (HM5164165 Series)
1 504 mW/432 mW (max) (HM5165165 Series)
— Standby: 1.8 mW (max) (CMOS interface)
: 0.54 mW (max) (L-version)
¢ EDO page mode capability
e Refresh cycles
— RAS-only refresh
8192 cycles /64 ms (HM5164165)
/128 ms (HM5164165L) (L-version)
4096 cycles /64 ms (HM5165165)
/128 ms (HM5165165L) (L-version)
— CBR/Hidden refresh
4096 cycles /64 ms (HM5164165, HM5165165)
/128 ms (HM5164165L, HM5165165L) (L-version)
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® 4 variations of refresh
— RAS-only refresh
— CAS-before-RAS refresh
— Hidden refresh
— Self refresh (L-version)
e 2CAS-byte control
e Battery backup operation (L-version)

Ordering Information

Type No.

Access time Package

HM5164165J-5

50 ns

400-mil 50-pin plastic SOJ (CP-50DA)

400-mil 50-pin plastic TSOP Il (TTP-50DB)

HM5164165J-6 60 ns
HM5164165LJ-5 50 ns
HM5164165LJ-6 60 ns
HM5165165J-5 50 ns
HM5165165J-6 60 ns
HM5165165LJ-5 50 ns
HM5165165LJ-6 60 ns
HM5164165TT-5 50 ns
HM5164165TT-6 60 ns
HM5164165LTT-5 50 ns
HM5164165LTT-6 60 ns
HM5165165TT-5 50 ns
HM5165165TT-6 60 ns
HM5165165LTT-5 50 ns
HM5165165LTT-6 60 ns
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Pin Arrangement (HM5164165 Series)

50-pin SOJ 50-pin TSOP
Vec | 1 N7 50|[] v Voo [ 10 50( | vgg
oo L| 2 49| 1015 oo ] 2 49[] 1015
o1 L| 3 48] 1014 o1 [ 3 48] vo14
o2 L| 4 47| vo13 o2 [] 4 47[] v013
o3 L] 5 46| o012 1103 [] 5 46[] /012
Voo L © 45/[ ] vgg Vec L] 6 45[ ] vgg
o4 [ 7 44| 1o11 o4 [ 7 447 vo11
l/os []| 8 43| 1010 /05[] 8 43[7] 1vo10
voe [] @ 42|71 109 /o6 [ 9 427 109
o7 []|10 41|71 1os /07 |10 41[7] vos
NC []|11 40|] NC NC [ ] 11 40[7] NC
Vee L|12 39 ] Vgg Ve [[12 3911 Vgs
WE []|13 38| LCAS WE [|13 38[7] LCAS
RAS 14 37|] UCAS RAS |14 37[7] UCAS
NCE15 36:@ NC|:15 363@
Nc [ ] 16 351 NC NC []16 35[] NC
Nc (17 34:‘ NC NC [[17 34:' NC
Nc [][18 33|] A12 NC []18 33[7] A12
Ao [][19 32/ A1 A0 []19 32[7] A1t
A1[]|20 31 At0 A1 [ |20 317 A10
A2 []|21 307 A9 A2 []21 30[] A9
A3 []|22 297 A8 A3 []22 2977 A8
a4 []23 28] A7 A4 []23 28] A7
A5 |: 24 27 :l A6 A5 |: 24 27:| A6
Vee |: 25 26 :l Vgg Vee |: 25 26:| Vss
(Top view) (Top view)
Pin Description
Pin name Function
A0 to A12 Address input
— Row/Refresh address A0 to A12
— Column address A0 to A8
/00 to /1015 Data input/output
RAS Row address strobe
UCAS, LCAS Column address strobe
WE Write enable
OE Output enable
Ve Power supply
Ve Ground
NC No connection
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Pin Arrangement (HM5165165 Series)

50-pin SOJ 50-pin TSOP
Vo O 1 Y 50[0 vgg Vee [ 10 50 ] Vgg
oo L 2 49| ] 1o1s 1100 [] 2 49 ] 11015
vo1 L 3 48] 1014 o1 [] 3 48[ ] 11014
o2 L| 4 47| vo13 o2 [ 4 4707 1013
o3 L] 5 46/ ] 1vo12 /03 [ 5 46 11012
Voo 6 45| ] Vgg Vee L] 6 45[ ] Vgg
o4l |7 4417 1ot o4 [ 7 447 o1
lvos[]| 8 431 1o1o /o5 | 8 43[7] 11010
1voe [| @ 42| 1109 l/oe [] 9 427 109
o7 []|10 417 vos 1107 []10 41177 o8
NCE11 40:‘ NC NC []11 40:' NC
Voo |12 39| Vgs Vee []12 3911 Vgs
WE [|[13 38| ] LCAS WE []13 38[] LCAS
RAS [ |14 37| ] UCAS RAS |14 377] UCAS
Nc [][15 36(°] OF NC []15 36[] OF
NG 1|16 357] NC NC []16 35[] NC
NCE17 34:] NC NC|:17 34:| NC
Nc [ 18 33|] NC NC []18 33[7] NC
Ao ] 19 327 A1 Ao |19 327 A11
A1 []|20 31 At0 A1 []20 31[7] A0
A2 []|21 30(] A9 A2 []21 30[7] A9
A3 []|22 29 A8 A3 []22 29[7] A8
A4 []|23 28| A7 A4 []23 28[7] A7
A5 [ ] 24 27 ] A6 A5 [ |24 27:| A6
Vee []|25 26 ] Vgs Vee []25 26 ] Vgs
(Top view) (Top view)
Pin Description
Pin name Function
A0 to A1 Address input
— Row/Refresh address A0 to A11
— Column address A0 to A9
/00 to /1015 Data input/output
RAS Row address strobe
UCAS, LCAS Column address strobe
WE Write enable
OE Output enable
Ve Power supply
Ve Ground
NC No connection
4
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Block Diagram (HM5164165 Series)
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Block Diagram (HM5165165 Series)
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Operation Table

RAS LCAS UCAS WE OE 1/100tol/O7 1/08to /O 15 Operation

H X X X X High-Z High-Z Standby

L L H H L Dout High-Z Read cycle

L H L H L High-Z Dout

L L L H L Dout Dout

L L H L*2 X Din X Early write cycle

L H L L*? X X Din

L L L L*? X Din Din

L L H L*2 H Din X Delayed write cycle

L H L L*? H X Din

L L L L*? H Din Din

L L H HtoL LtoH Dout/Din High-Z Read-modify-write cycle

L H L HtoL LtoH High-Z Dout/Din

L L L HtoL LtoH Dout/Din Dout/Din

L H H X High-Z High-Z RAS-only refresh cycle
HtoL H L H X High-Z High-Z CAS-before-RAS refresh cycle or
HtoL L H H X High-Z High-Z Self refresh cycle (L-version)
HtoL L L H X High-Z High-Z

L L L H H High-Z High-Z Read cycle (Output disabled)
Notes: 1. H: V,, (inactive) L:V, (active) x: V,,or V.

2. twes 20 ns: Early write cycle
twes < 0 ns: Delayed write cycle

3. Mode is determined by the OR function of the UCAS and LCAS. (Mode is set by the earliest of
UCAS and LCAS active edge and reset by the latest of UCAS and LCAS inactive edge.)
However write operation and output High-Z control are done independently by each UCAS,
LCAS.

ex. if RAS =H to L, LCAS = L, UCAS = H, then CAS-before-RAS refresh cycle is selected.

HITACHI
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Absolute Maximum Ratings

Parameter Symbol Value Unit
Terminal voltage on any pin relative to Vg V; —0.5t0 Ve + 0.5 (£4.6 V (max)) \
Power supply voltage relative to Vg Vee -0.510 +4.6 \
Short circuit output current lout 50 mA
Power dissipation P 1.0 w
Storage temperature Tstg -55to +125 °C

DC Operating Conditions

Parameter Symbol Min Typ Max Unit Notes
Supply voltage Ve 3.0 3.3 3.6 \ 1,2

Ves 0 0 0 v 2
Input high voltage Vi 2.0 — Ve +03 V 1
Input low voltage \'A -0.3 — 0.8 \ 1
Ambient temperature range Ta 0 — 70 °C

Notes: 1. All voltage referred to V.

2. The supply voltage with all V. pins must be on the same level. The supply voltage with all V¢
pins must be on the same level.

HITACHI
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DC Characteristics (HM5164165 Series)

HM5164165
-5 -6
Parameter Symbol Min Max Min Max Unit Test conditions
Operating current*" ** lect — 120 — 110 mA  tg. =min
Standby current leco — 2 — 2 mA  TTL interface
RAS, UCAS, LCAS =V,
Dout = High-Z
— 0.5 — 0.5 mA  CMOS interface
RAS, UCAS,
LCAS >V, -02V
Dout = High-Z
Standby current leco — 150 — 150 uA CMOS interface
(L-version) RAS, UCAS,
LCAS >V, -02V
Dout = High-Z
RAS-only refresh current*® lecs — 120 — 110 mA  tg. =min
Standby current*’ lecs — 5 — 5 mA RAS =V,
UCAS,LCAS =V,
Dout = enable
CAS-before-RAS refresh lecs — 120 — 110 mA  tg. =min
current
EDO page mode current*** I, — 120 — 110 mA  RAS =V, , CAS cycle,
tupe = thpe MIN
Battery backup current** lecio — 500 — 500 uA CMOS interface
(Standby with CBR refresh) Dout = High-Z
(L-version) CBR refresh: ty, = 31.3 us
tras £0.3 us
Self refresh mode current leots — 400 — 400 LA CMOS interface
(L-version) RAS, UCAS, LCAS <0.2V
Dout = High-Z
Input leakage current I, -5 5 -5 5 LA 0OV<VingV,+03V
Output leakage current lo -5 5 -5 5 LA 0V <Vout <V
Dout = disable
Output high voltage Vau 24 Ve 24 Ve \ High lout = -2 mA
Output low voltage Voo 0 0.4 0 0.4 \ Low lout =2 mA

Notes: 1. I, depends on output load condition when the device is selected. |, max is specified at the
output open condition.

2. Address can be changed once or less while RAS = V.
Measured with one sequential address change per EDO cycle, .
4. V2V, —02V,0VV <02V,

w
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DC Characteristics (HM5165165 Series)

HM5165165
-5 -6
Parameter Symbol Min Max Min Max Unit Test conditions
Operating current*" ** lect — 140 — 120 mA  tg. =min
Standby current leco — 2 — 2 mA  TTL interface
RAS, UCAS, LCAS =V,
Dout = High-Z
— 0.5 — 0.5 mA  CMOS interface
RAS, UCAS,
LCAS >V, -02V
Dout = High-Z
Standby current leco — 150 — 150 uA CMOS interface
(L-version) RAS, UCAS,
LCAS >V, -02V
Dout = High-Z
RAS-only refresh current*® lecs — 140 — 120 mA  tg. =min
Standby current*’ lecs — 5 — 5 mA RAS =V,
UCAS,LCAS =V,
Dout = enable
CAS-before-RAS refresh lecs — 140 — 120 mA  tg. =min
current
EDO page mode current*** I, — 120 — 110 mA  RAS =V, , CAS cycle,
tupe = thpe MIN
Battery backup current** lecio — 500 — 500 uA CMOS interface
(Standby with CBR refresh) Dout = High-Z
(L-version) CBR refresh: ty, = 31.3 us
tras £0.3 us
Self refresh mode current leots — 400 — 400 LA CMOS interface
(L-version) RAS, UCAS, LCAS <0.2V
Dout = High-Z
Input leakage current I, -5 5 -5 5 LA 0OV<VingV,+03V
Output leakage current lo -5 5 -5 5 LA 0V <Vout< Vg
Dout = disable
Output high voltage Vau 24 Ve 24 Ve \ High lout = -2 mA
Output low voltage Voo 0 0.4 0 0.4 \ Low lout =2 mA

Notes: 1. I, depends on output load condition when the device is selected. |, max is specified at the
output open condition.

2. Address can be changed once or less while RAS = V.
Measured with one sequential address change per EDO cycle, .
4. V2V, —02V,0VV <02V,

w

10
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Capacitance (Ta=25°C, V.. =33V +03V)

Parameter Symbol Min Typ Max Unit Notes
Input capacitance (Address) G, — — 5 pF 1
Input capacitance (Clocks) C, — — 7 pF 1
Output capacitance (Data-in, Data-out) Cio — — 7 pF 1,2

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. RAS, UCAS and LCAS =V, to disable Dout.

11
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AC Characteristics (Ta=0to +70°C, V. =3.3 V103V, V=0 V)b #>#la

Test Conditions

* Inputrise and fall time: 2 ns

* Inputpulse levels: V=0V, V=30V
* Input timing reference levels: 0.8 V,2.0V

* Output timing reference levels: 0.8 V,2.0V
*  Output load: 1 TTL gate + C; (100 pF) (Including scope and jig)

Read, Write, Read-Modify-Write and Refresh Cycles (Common parameters)

HM5164165/HM5165165
-5 -6

Parameter Symbol Min Max Min Max Unit Notes
Random read or write cycle time tec 84 — 104 — ns
RAS precharge time tae 30 — 40 — ns
CAS precharge time tep 8 — 10 — ns 31
RAS pulse width tras 50 10000 60 10000 ns
CAS pulse width toas 8 10000 10 10000 ns
Row address setup time tasr 0 — 0 — ns
Row address hold time tran 8 — 10 — ns
Column address setup time tasc 0 — 0 — ns 28
Column address hold time tean 8 — 10 — ns 28
RAS to CAS delay time trco 12 37 14 45 ns
RAS to column address delay time teao 10 25 12 30 ns
RAS hold time trsn 13 — 15 — ns
CAS hold time (. 35 — 40 — ns
CAS to RAS precharge time teme 5 — 5 — ns 29
OE to Din delay time toso 13 — 15 — ns 5
OE delay time from Din toso 0 — 0 — ns 6
CAS delay time from Din toze 0 — 0 — ns 6
Transition time (rise and fall) tr 2 50 2 50 ns 7

12
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Read Cycle
HM5164165/HM5165165
-5 -6

Parameter Symbol Min Max Min Max Unit Notes
Access time from RAS taac — 50 — 60 ns 8,9
Access time from CAS teac — 13 — 15 ns 9,10, 17
Access time from address tan — 25 — 30 ns 9, 611,17
Access time from OE toea — 13 — 15 ns 9
Read command setup time tres 0 — 0 — ns 28
Read command hold time to CAS trcn 0 — 0 — ns 12, 29
Read command hold time from RAS techr 50 — 60 — ns
Read command hold time to RAS tean 0 — 0 — ns 12
Column address to RAS lead time 9% 25 — 30 — ns
Column address to CAS lead time tear 15 — 18 — ns
CAS to output in low-Z ts 0 — 0 — ns
Output data hold time ton 3 — 3 — ns 21
Output data hold time from OE toro 3 — 3 — ns
Output buffer turn-off time torr — 13 — 15 ns 13, 21
Output buffer turn-off to OE toer — 13 — 15 ns 13
CAS to Din delay time teoo 13 — 15 — ns 5
Output data hold time from RAS tonr 3 — 3 — ns 21
Output buffer turn-off to RAS torm — 13 — 15 ns 13, 21
Output buffer turn-off to WE twez — 13 — 15 ns 13
WE to Din delay time tweo 13 — 15 — ns
RAS to Din delay time troo 13 — 15 — ns

13
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Write Cycle
HM5164165/HM5165165
-5 -6
Parameter Symbol Min Max Min Max Unit Notes
Write command setup time twes — 0 — ns 14, 28
Write command hold time twen — 10 — ns 28
Write command pulse width twe — 10 — ns
Write command to RAS lead time taw 13 — 15 — ns
Write command to CAS lead time towe 8 — 10 — ns 30
Data-in setup time tos — 0 — ns 15, 30
Data-in hold time ton 8 — 10 — ns 15, 30
Read-Modify-Write Cycle
HM5164165/HM5165165
-5 -6
Parameter Symbol Min Max Min Max Unit Notes
Read-modify-write cycle time tewe 116 — 140 — ns
RAS to WE delay time tawo 67 — 79 — ns 14
CAS to WE delay time towo 30 — 34 — ns 14
Column address to WE delay time tawp 42 — 49 — ns 14
OE hold time from WE toen 13 — 15 — ns
Refresh Cycle
HM5164165/HM5165165
-5 -6
Parameter Symbol Min Max Min Max Unit Notes
CAS setup time (CBR refresh cycle) tesk 5 — 5 — ns 28
CAS hold time (CBR refresh cycle) tenr 8 — 10 — ns 29
WE setup time (CBR refresh cycle) twre 0 — 0 — ns
WE hold time (CBR refresh cycle) twrn 8 — 10 — ns
RAS precharge to CAS hold time taec 5 — 5 — ns 28

14

HITACHI



HM5164165 Series, HM5165165 Series

EDO Page Mode Cycle
HM5164165/HM5165165
-5 -6
Parameter Symbol Min Max Min Max Unit Notes
EDO page mode cycle time thec 20 — 25 — ns 20
EDO page mode RAS pulse width tease — 100000 — 100000 ns 16
Access time from CAS precharge tepa — 28 — 35 ns 9,17,29
RAS hold time from CAS precharge teprn 28 — 35 — ns
Output data hold time from CAS low toon — 3 — ns 9, 22
CAS hold time referred OE tooL — 10 — ns
CAS to OE setup time teop — 5 — ns
Read command hold time from techc 28 — 35 — ns
CAS precharge
Write pulse width during CAS precharge tyee — 10 — ns
OE precharge time tose — 10 — ns
EDO Page Mode Read-Modify-Write Cycle
HM5164165/HM5165165
-5 -6
Parameter Symbol Min Max Min Max Unit Notes
EDO page mode read-modify-write cycle t,oqwe 57 — 68 — ns
time
WE delay time from CAS precharge tepw 45 — 54 — ns 14, 29
Refresh (HM5164165 Series)
Parameter Symbol Max Unit Note
Refresh period trer 64 ms 8192 cycles
Refresh period (L-version) trer 128 ms 8192 cycles
15
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Refresh (HM5165165 Series)

Parameter Symbol Max Unit Note
Refresh period trer 64 ms 4096 cycles
Refresh period (L-version) trer 128 ms 4096 cycles

Self Refresh Mode (L-version)

HM5164165L/HM5165165L

-5 -6
Parameter Symbol Min Max Min Max Unit Notes
RAS pulse width (self refresh) trass 100 — 100 — us 26
RAS precharge time (self refresh) tees 90 — 110 — ns 26
CAS hold time (self refresh) tons -50 — -50 — ns 30
Notes: 1. AC measurements assume t; = 2 ns.

2. Aninitial pause of 200 us is required after power up followed by a minimum of eight initialization
cycles (any combination of cycles containing RAS-only refresh or CAS-before-RAS refresh).

3. Operation with the tzcp (Max) limit insures that tz,c (Max) can be met, t., (Mmax) is specified as a
reference point only; if t..; is greater than the specified t;., (max) limit, than the access time is
controlled exclusively by t.,..

4. Operation with the t.,, (max) limit insures that tz,c (max) can be met, t;,, (Max) is specified as a
reference point only; if t.,, is greater than the specified t,,, (max) limit, then access time is
controlled exclusively by t,,.

5. Either tgg, or t,,, must be satisfied.

6. Either t,, or t,, must be satisfied.

7. V, (min) and V,_ (max) are reference levels for measuring timing of input signals. Also, transition
times are measured between V,, (min) and V, (max).

8. Assumes that tpep < trep (Max) and tray < trap (Max). If teep OF trap is greater than the maximum
recommended value shown in this table, t,,. exceeds the value shown.

9. Measured with a load circuit equivalent to 1 TTL loads and 100 pF.

10. Assumes that tgp 2 trep (Max) and tpep + toae (Max) 2tz + 1, (Max).

11. Assumes that tg,p 2t (Max) and teep + toae (Max) < tgpyp + 1, (Max).

12. Either t,, or t;5, must be satisfied for a read cycles.

13. tore (Max), toey (Max), tye, (Max) and t,; (Max) define the time at which the outputs achieve the
open circuit condition and are not referred to output voltage levels.

14. tcsr trwos Town Lawn @Nd topy are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only; if t,.¢ > t,cs (Min), the cycle is an early write cycle
and the data out pin will remain open circuit (high impedance) throughout the entire cycle; if tyup
2 tFEWD (min)! tCIWD 2 tC)WD (min)! and tAWD 2 tAWD (min)! or tC)WD 2 tC)WD (min)! tAWD 2 tAWD (mln) and tCIPW 2
terw (Min), the cycle is a read-modify-write and the data output will contain data read from the
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out
(at access time) is indeterminate.

15. 1, and t,, are referred to UCAS and LCAS leading edge in early write cycles and to WE leading
edge in delayed write or read-modify-write cycles.

16
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16. th.sr defines RAS pulse width in EDO page mode cycles.

17. Access time is determined by the longest among t,,, teac @and tepa.

18. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data
to the device.

19. When output buffers are enabled once, sustain the low impedance state until valid data is
obtained. When output buffer is turned on and off within a very short time, generally it causes
large V/V¢s line noise, which causes to degrade V,, min/V,. max level.

20. 5 (min) can be achieved during a series of EDO page mode write cycles or EDO page mode
read cycles. If both write and read operation are mixed in a EDO page mode RAS cycle (EDO
page mode mix cycle (1), (2)), minimum value of CAS cycle (tes + ter + 2 t;) becomes greater
than the specified t,.. (min) value.The value of CAS cycle time of mixed EDO page mode is
shown in EDO page mode mix cycle (1) and (2).

21. Data output turns off and becomes high impedance from later rising edge of RAS and m._
Hold time and turn off time are specified by the timing specifications of later rising edge of RAS
and CAS between t,,; and t,, and between t,; and to.

22. tyoy defines the time at which the output level go cross. V, =0.8 V, V,, = 2.0 V of output timing
reference level.

23. Before and after self refresh mode, execute CBR refresh to all refresh addresses in or within 64
ms period on the condition a and b below.

a. Enter self refresh mode within 15.6 us after either burst refresh or distributed refresh at equal
interval to all refresh addresses are completed.

b. Start burst refresh or distributed refresh at equal interval to all refresh addresses within
15.6us after exiting from self refresh mode.

24. In case of entering from RAS-only-refresh, it is hecessary to execute CBR refresh before and
after self refresh mode according as note 23.

25. For L-version, it is available to apply each 128 ms and 31.2 us instead of 64 ms and 15.6 us at
note 23.

26 Att.,es > 100 ps, self refresh mode is activated, and not activated at t;,oc < 10 ps. Itis undefined
within the range of 10 us < tg,qq < 100 us. For thes 2 10 s, it is necessary to satisfy tqps.

27.When both@ and LCAS go low at the same time, all 16-bit data are written into the device.
UCAS and LCAS cannot be staggered within the same write/read cycles.

28.t4eor Toans tross Lwoss twors Loss @Nd tapg are determined by the earlier falling edge of UCAS or LCAS.

29. tere, toums trom tora @Nd tepy, are determined by the later rising edge of UCAS or LCAS.

30. ty, tom tos and tg,s should be satisfied by both UCAS and LCAS.

31.t,, is determined by the time that both UCAS and LCAS are high.

32.XXX: HorL (H: V,, (min) £V, £V, (max), L: V_ (min) <V, <V, (max))

Wi Invalid Dout
When the address, clock and input pins are not described on timing waveforms, their pins must
be applied V,,or V..

17
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Notes concerning 2CAS control

Please do not separate the UCAS/LCAS operation timing intentionally. However skew between
UCAS/LCAS are allowed under the following conditions.

1. Each of the UCAS/LCAS should satisfy the timing specifications individually.
2. Different operation mode for upper/lower byte is not allowed; such as following.

RAS \

s T\

oo \
- \

Delayed writ

Early write

N

[0)]

3. Closely separated upper/lower byte control is not allowed. However when the condition (tep < tp) 18
satisfied, EDO page mode can be performed.

RAS \ /
UCAS \
LCAS /

tuL

4. Byte control operation by remaining UCAS or LCAS high is guaranteed.

18
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Timing Waveforms**
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Early Write Cycle
tre
B tras trp
N
RAS \ \
\ /
tesH .| | fcrP .
» trep e tRsH .
tr| | _ tcas
UCAS 3& 71
LCAS X /
tasr | |tRAH tasc | | fcaH
Address Row Column
twes | | tweH
wJOR0R /XX
N 7
Ips_ IbH
4
Din Din

|\

High-Z*

Dout

+ twes = twes (min)
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Series, HM5165165 Series

Delayed Write Cycle*'®

- tre .
» tras . trp
-\
RAS N \
\ /
- tosH | terp
- trep trsH -
Tl » tcas .
UCAS BX 7‘
LCAS N #
tasr | |IRAH tasc| | tcan
Address Row Column
Jowy
| tRwi
tRCs| twp
_ /
WE
N\ /
_lbze, tps toH
High-Z
o XORR 22— )
tbzo toep
> — JOEH,
- toep -
_ C 4 O
o QOO |/ UK,
toez
—
lcig
High-Z
Dout g
Invalid Dout
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HM5164165 Series, HM5165165 Series

Read-Modify-Write Cycle*'®

RAS

UCAS
LCAS

Address

Din

Dout

o trwe N
tras - trp
-\
\ / \
tr
treD < tcas |l fcrRP |
\
traD - &( #
tasr | | tRAH tasc| | tcan
Y
Row Column
N
tCWD tCWL
tRcs! [ > |
tawp tRwL
- tRwD o leWR
OO0 [ N 00000
N 7
<0 ¢ « DH
DS
|
c High-Z Oin
/
t t
< D70 o <O,
loeA |- toep
RO [ \KR0y
|
feacy! | |torz
-t tAA >
tRAC > | ;tOHO
High-Z
Dout E 9
t N
cLz
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RAS-Only Refresh Cycle

tras - trp N
Y \ /
RAS / N\ \
¢ N
To| o
P tcrp _ | trpc CRP.

~N A

UCAS ‘ 3
[CAS

tasr traH

Address Row
torr
toFF
High-Z
Dout /) E g
7
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HM5164165 Series, HM5165165 Series

CAS-Before-RAS Refresh Cycle

tre p tre _
P lRp tras . tRP tRAS trP
RAS / N N \
tr
trpc trpc lcrp
| fep | | tcsr] | teHR) tep fcsr tcHR

ucas \/ £ 3 \

LCAS / N

twrp| | twrh twrp| | twrH

torr

 Jorp

% High-Z
/

Dout
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HM5164165 Series, HM5165165 Series

Hidden Refresh Cycle

P trc . tre N trc N
P tras »| L« IRP tRA: IRP| | tRAS | | tRP
-\ /— \
RAS N /
N 7 N 7
tr
11 tRsH tenr | | | | torp
| rep |
_—— \
UCAS X Z
LCAS N /
< 1RAD | tRAL
tasr| |IRAH tasc| | toan
/ A
Address Row Column
N /

tRRH
§ tRCSV B treH
__ / \
WE N
t
Iozc <VEG)
N < |lCDD,
tRDD
N High-Z - 2
Din y/ \
oo | oy
L {OEA
o= QXX /X
N /
tcac =t(t)EZ
1, g <Ilwgz
-« M »——1oHo
P trac | Jorr,
tcLz <o,
/ \
Dout Dout §—
N 7
torr
tonr
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HM5164165 Series, HM5165165 Series

EDO Page Mode Read Cycle
trP
t
mas & trasp HPC / \_
- : thpc thpc tcPRH tcrp
CSH icp tcp LCP | tpey
X 3 r
UCAS . tcas \ tcas g tcAs & tcas |||
LCAS tRonR " tRCHC ¢
T t Res! RRH
R'E)E jEIH =|' - tRCH
e O )
twee Ll tRAL
tASR ferl [RAH tAsoI tcAH | tasc | |tcan asg |toan tasc.| ||toan twep
Address XXX Ro W Column 1 x Column 2X><><><><><><><X Column 3| Column 4
toaL teal teaL toaL
tRDD
tpzc| tcbD
Din \ High-Z ]
/ \
tbzg) col tcop
tOEP el tOEP e~ o] tOED
oe XK \ [ AOXX
t t
tcpal CPA OFR
toEA
taa | |ltoes tcpA tan toHR
tcag toag| | tan toez = toEZ
tan tweZ toHo teac| ||.o lCAC ! tono
s toea ~ t
IRAC —= tDOH toEA OFF
T | toHg OH
Dout z Dout 1 E g Dout ZE Dout 2 @ Dout 3}—{ Dout 4 >—
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HM5164165 Series, HM5165165 Series

EDO Page Mode Read Cycle (2CAS control)

tRp
RAS \ trasp Z \_
i
t thpc tHPG tupc torp
T tosH tcp tcp icp
" tRSH —
[CAS tcas N tcas _E tcas ||
_ —
UCAS t i
S I K_ cas f X Z
tRCHC
tres tRRH
s «—tRCH
e U ‘
L IRAL .
tash et [RAHIRSG | TOAH T.Aio. Loan tasg] toar, thso.| tcaH WED
Address XXX Row m Column 1M Column 2X><><><><><><><XO0Iumn 3 Column 4]
toal toal toal
tcal tRDD
tpzc) - tcDD
|o—
. N High-Z J
tpzo) tcol tcop
logp [ toep[™] =~ tOED
oe L0 \ IR OO
¢ tcpal topa torr
= taa | |k i tonr
OEZ| AA
loag tCAC toE7 = loEZ
taa . OHO e icad e tono
DOH toEA Rl - t
tRAC — 'y tOFF
toHo OH
L Dout { Dout 1 Dout 2( Dout 2 ) { Dout 4
\ / / \
tcpa
tan ;
tcac OEA
U Dout < Dout 1 —{Dout 35—] Dout 4 >—
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HM5164165 Series, HM5165165 Series

EDO Page Mode Early Write Cycle

- trasp l.__trp
_ N
RAS N
\ 7 \
tp
» tosh . thpc | tRst |
tgep tcas tcp tcas tcp t tcrp
UCAS A / \ /— \
UCAS X Z X X
LCAS N 7
tasc| |tcan tasc| |fcan
Column 2 Column N ><><><><
twes | |tweH twes | | twer twes | [twen

Din

High-Z*

Dout

* twes = twes (min)
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HM5164165 Series, HM5165165 Series

EDO Page Mode Delayed Write Cyele*'®

trasp N
| Iep
_ \
RAS N\ \_
N /
t tc top 1o tcre
tosh . Hpc « URSH
treD | fcas | . loas B tcas
00AS \ N \ /|
LCAS K 7 N 7 N 7
B tasc Jld tasc o1 tasc
tcan tcaH tcan
Address Column 1 Column 2 Column N
f t f
tRwi
tres, | tres trcs
o 7 \ \ \
we X XK/ \ \ N/ XXX
twe || | twel | | twp
| |Jbzetos | T |ltozctpg| | | |ltpzc oS[|
) oy fox fou
o XU
o o ! a KN
DzQ t —pf t —»
e 3740) oo DZ toeD
<JOEP| LR . [oER
tOEH [ tOEH<—> tOEH ]
L 14 N 7 \ 14 \
OE \ / \ / \ /
teiz,) teiz | ez,
Gl foEz =4 ol IOEZ
High-Z
Dout g
Invalid Dout Invalid Dout Invalid Dout
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HM5164165 Series, HM5165165 Series

EDO Page Mode Read-Modify-Write Cyele*'®

- trASP .
| | trP
\ }
RAS
N / \_
t t
T, L < HPRWC .  tgsy ~
tcp tcp > tCRP
. ftRcD |, tcas . . (CAS . lCAS .
UCAS BX an ZDX
LCAS K 7 k 3 7
tRAD
tasR, |l tAsC oLl tASC ollel tASC
tRAH tcaH tcaH tcaH
Address Row Column 1 Column 2 Column N
tRwp t(i\l_V»L tcrw  tewl tcpw ‘triv_vl_‘
tAWD tros tAwp tAWD -
trcyg tRwL
tewp e ol | [CWD L o] [ 1CWD ]
\ \ \
g \ \ L
tres twp twp twp
i N ™= T L -
- ‘tDZCtDSV ‘ ‘tDZCtDSV‘ ‘tDZCtDSV‘
tDllj tDH ' tDﬂ
toED = toep|Y N toED \
tpzo| | || = tpzo || || ™ tpzol || || =™
> toep ([{OEP < OEF ]
tOEH e tOEH e tOEHIe—»
/ \ 4 N 4 \
°F ><>< X jz X \ X 7Z \m
| > | letOHO > la1OHO | > toHo
tOEA| e tOEA |«»] tOEA le»
tCACes tCAC <> tCAC 4>
tAAl: > ¢ t|AA!= » . tlA’l_\‘1|= »
TRAG CPA CPAq«
!l !l !l
tciz joez  teiTldorz el L0EZ
/\ N\ .
D { ) N ﬂ( High-Z
out \ / / h
NA NA (W
Dout 1 Dout 2 Dout N
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HM5164165 Series, HM5165165 Series

EDO Page Mode Mix Cycle (1) **

trP
TAS \ tRASP i \_
. /
¢ tcrp
T tcp tcp tcp
TS \ . —————
UCAS tcas \ tcas \ tcas / \_tcas /
[CAS t E i T :
CSH tRsH
trep
t
tWCS tWCH tRCS tF{CS 0t22:
_ i tcpw twe
WE ><>< A tawp i \
( F tRAL
S faa | J1AR ) [ LCAH tasg| |toar g |tony tascl, , | [lo
Address KXX Row m Column 1MXXXCOIumn 2 Column 3X>O< Column 4
t
CAL tcaL tRDD
t t
tos toH tpg, DH CDD
Din Din 1 High-Z \:XXX
toED,,
toep < twep
or JROOOOOCOOCROCK [ JROCK
tcpa tora ] EVOVFE';
™ kcPal tan
| tOEZ ! torz
toEA taa lcAC
R <—= toHo
tCAC| |t
t OHO toEA
A tboH EOFF
Rl OH
- —+ X
Dout < Dout 2 >@<Dwt3 Dout 4 >—
, W
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HM5164165 Series, HM5165165 Series

EDO Page Mode Mix Cycle (2)**

'rp
RAS : tRASP ] \_
\ /
, tcrp
T tosH tcp tcp tcp
_ . —
UCAS tcas \ tcas \_ tcas N toas ||/
LCAS trco as = 1
trcHR tRsH
tRcs t
tres tron|bwes| |twen tRcs RRH
RCH sl
s wes) | RCH
. v Yo g
i tRAL
tascl|| t
tASF{ [ __.tRAH CAH | t<—>ASC EC_;A’H tnAEE tCAH "IAISC<—> tCAH
Address m Row m Column 1 XCqumn 2K><><><><><><>< Column 3 Column 4
tcaL | teal teal
tps
tps| |, toH {DH ESBB
)
Din High-Z { Din 2 Din 3 \:XXX
7
toEpP loepP | |,
I toeD t
J— N Ol
oF _ ] \ Z
t | torR
taa OEA tCPA - twEZ
T
toea o forh taa ! torz
TCAC Ez toEz lleag oo
tRAG tcac {OEA, | t
toHo ™™ toHoO tOFF
OH
Dout { Dout 1 } <Do.:t { Dout 4 >—
7
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HM5164165 Series, HM5165165 Series

Self Refresh Cyele (L-version)*?: 2 2.2

3 tRe | |a trass - trps
RAS / \ \
N /
tr ||
- tRPC= B tCRP
t -
N I 1 CHs
ucas / 7 3
LCAS
twrp | | twRH

| torm_

torr

X High-Z

Dout 7
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HM5164165 Series, HM5165165 Series

Package Dimensions

HMS5164165]J/1.J Series

HM5165165J/1.J Series (CP-50DA)

Preliminary Unit: mm
20.95
21.38 Max
‘of
o| o
+i| +H
) Q| &l &
O S| =
1 25
0.47
8 g
o :
+ 8_ 3
1.09 Max 3 3 0
™ 8 o
o
IRARARRRRARARRARARAARARRR? | QJJ J |
0.80 9.40+0.25
0.32+0.08 |,
0.30 + 0.04 0.10
E Hitachi Code CP-50DA
JEDEC Conforms
Dimension including the plating thickness EIAJ —
Base material dimension Weight (reference value)| 1.2 g
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HM5164165TT/LTT Series
HM5165165TT/LTT Series (TTP-50DB)

20.95

50 26
nonnoonnonnnonnoonnonnnon

21.35 Max

Hoom

0.30+0.10

R
25

0.28 +0.08

@[0.134)

1.20 Max |

Dimension including the plating thickness

Base material dimension

Unit: mm

©
o
0.80
11.76 £ 0.20 '
o _ RO
‘ — 0°-5 -
(o——Al ©
i+ W i 0.50+0.10 ©
Qe <9 o
olo ©
+H|+H H
v o
T2 5 Hitachi Code TTP-50DB
o|o JEDEC —
EIAJ —
Weight (reference value)| 0.51 g
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When using this document, keep the following in mind:

1. This document may, wholly or partially, be subject to change without notice.

2. Allrights are reserved: No one is permitted to reproduce or duplicate, in any form, the whole or part of
this document without Hitachi’s permission.

3. Hitachi will not be held responsible for any damage to the user that may result from accidents or any
other reasons during operation of the user’s unit according to this document.

4. Circuitry and other examples described herein are meant merely to indicate the characteristics and
performance of Hitachi’s semiconductor products. Hitachi assumes no responsibility for any intellectual
property claims or other problems that may result from applications based on the examples described
herein.

5. No license is granted by implication or otherwise under any patents or other rights of any third party or
Hitachi, Ltd.

6. MEDICAL APPLICATIONS: Hitachi’s products are not authorized for use in MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi’s sales company.
Such use includes, but is not limited to, use in life support systems. Buyers of Hitachi’s products are
requested to notify the relevant Hitachi sales offices when planning to use the products in MEDICAL
APPLICATIONS.
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Revision Record

Rev. Date Contents of Modification Drawn by Approved by
0.0 Jul. 23, 1997 Initial issue J. Miyake M. Saeki
0.1 Oct. 24, 1997 AC Characteristics J. Miyake Y. Takahashi

Change order of notes
Change note numbers of tables

Correct errors
EDO page mode read cycke

1.0 Mar. 18, 1998

Deletion of Preliminary
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