intel

51C65H
HIGH PERFORMANCE STATIC COLUMN 64K X 1
CHMOS DYNAMIC RAM

51C65H-10 51C65H-12
Maximum Access Time (ns) 100 120
Maximum Column Address Access Time (ns) 55 65

= Static Column Mode Operation

— Continuous data rate over 15 MHz
— Random access from address within row

B Low input/Output Capacitance

8 Low Operating Current — 37mA (max.)

]

® Fast ‘‘Usable Speed’’
— tcac=20,25ns

B Fully TTL Compatible

a High Reliability Plastic — 16 Pin DIP

The Intel®51C65H is a high speed 65,536 x 1 dynamic Random Access Memory. Fabricated on Intel's
CHMOS 1II-D technology, the 51C65H offers features not provided by an NMOS dynamic RAM: Static Calumn
Mode for high data bandwidth and fast usable speed. All inputs and outputs are TTL compatible and the input
and output capacitances are significantly lowered to allow increased system performance.

Static Column Mode operation allows random or sequential access of ail 256 bits within a row simply by changing
the column address. Because column address access time is as fast as 55 ns, a continuous data rate of over
15 million bits per second can be achieved. The 51C65H offers high performance while relaxing many critical
system timing requirements for fast usable speed. These features make the 51C65H ideally suited for graph-
ics, digital signal processing, and high performance systems.
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PIN NAMES
RAS ROW ADDRESS STROBE
CAS COLUMN ADDRESS STROBE
‘WE WRITE ENABLE
Ag-A; ADDRESS INPUTS
D DATA IN
Dout DATA OUT
Voo POWER (+5V)
Vgs GROUND

Intel Corporation Assumes No Responsibitity for the Use of Any Circuitry Other Than Circuitry Embodied in an intel Product. No Other Circuit

Patent Licenses are Implied.

©intet Corporation, 1984
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intel

51C65H

PRELIMINARY

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under

Bias...................... —-10° to +80°C
Storage Temperature . . Plastic - 55°C to +125°C
Voltage on Any Pin except Vpp and Dour

Relative to Vss. .. ............ -2.0V to 7.5V
Voltage on Dout

Relativeto Vgg. .. ......... ~2.0Vto Vpp+1V
Voltage on Vpp Relative to Vgs. ... — 1.0V to 7.5V
Data QutCurrent. ... .................. 50 mA
Power Dissipation. .. ................... 1.0W

*COMMENT:

Stresses above those listed under *'Absolute Maxi-
mum Rating’' may cause permanent damage to the
device. This is a stress rating only and fuctional oper-
ation of the device at these or at any other conditions
above those indicated in the operational sections of
this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

D.C. AND OPERATING CHARACTERISTICS®
Ta=0°C to 70°C, Vpp =5V + 10%, Vss =0V, unless otherwise noted.

51C65H Limits
Symbol Parameter Unit Test Conditions Notes
Min. |Typ.2| Max.
| Vpp Supply Current, 27 37 mA | tac =tac {min), for - 10 A.C. spec 34
DD " B
' | Operating 23 | 35 | mA |tro=tac (min), for - 12 A.C. spec.

oo 2 Vop Supply Current, TTL 0.7 4 mA ﬁAS and CAS at V|, all other
Standby inputs and outputs = Vss

oo 3 Voo Supply Current, 24 37 mA | tac =tac (min), for —10 A.C. spec 34
RAS-Only Cycle 20 35 mA | tac=trc (min), for ~12 A.C. spec

oo 4 Voo Supply Current, 18 37 mA | Minimum Cycle for — 10 A.C. spec 34
Static Column Mode 17 | 35 | mA |Minimum Cycle for — 12 A.C. spec

i Voo Supply Current 3 6 mA RAS at Viy, CAS at V., all other 3

Do S Standby, Output Enabled inputs and output =Vss

il Input_ Load Current 10 4A | Vin=Ves to Voo
(any input)

Ilo! Qutput Leakage Current for 10 WA RAS and CAS at Vi,

Lo High Impedance State Dour = Vss to Vpp

Vi Inpgt Low Voltage 1.0 0.8 v 5
(all inputs)

Vin Inpt_n High Voitage 24 70 v 5
(all inputs)

VoL Output Low Voltage 0.4 \ lo.=4.2 mA

Vo Output High Voltage 2.4 v lon= -5 mA

NOTES:

1. All voltages referenced to Vgs.

2. Typical values are to Ta =25°C and nominal supply voltages.

3. fpp is dependent on output loading when the device output is selected. Specified Ipp (max) is measured with the output open.

4. Ipp is dependent upon the number of address transitions. Specified Ipp (max} is measured with a maximum of two transi-
tions per address input per random cycle, one transition per access cycle in Static Column Mode.

Do

loads and 50 pF.

. Specified VL (min) is steady state operation. All A.C. parameters are measured with V) (min)=Vgg and Vi (max)=<Vpp.
. Test conditions apply only for D.C. characteristics. A.C. parameters specified with a load equivalent to two TTL
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|nte| 51C65H NI
CAPACITANCE? INOTE:
Ta=25°C, Voo =5V + 10%, Vss =0V, unless other- Capacitance is measured at worst case voltage lev-
wise noted. els with a programmable capacitance meter.
Symbol Parameter Typ. | Max. | Unit

Ciny Address, Data In 4 pF

Cine RAS, CAS, WE pF

Cout Data Out 6 pF

A.C. CHARACTERISTICS!"?3

Ta=0°C to 70°C, Vpp =5V + 10%, Vss =0V, unless otherwise noted.
Read, Refresh and Write Cycles
# ;5::’:' Symbol Parameter 5.1065'1'10 ?1(:65“'12 Unit | Notes
Min. Max. Min. Max.
1| tatanr | taas RAS Pulse Width 100 | 75000 | 120 | 7s000| ns
2| tRuoALz tre Random Read or Write Cycle Time 160 190 ns
3| tameree thp RAS Precharge Time 50 60 ns
4| tacich tcsn™ | CAS Hold Time 100 120 ns
5| twherz | twee Write to RAS Precharge Time -5 _5 ns
6] tavmre tasm Row Address Set-up Time 0 o] ns
71 taLiax tRAH Row Address Hold Time 15 15 ns
8| tmuiez tAHz RAS to Output High Impedance 15 15 ns
9| tmLiox taLz RAS to Output Low Impedance 30 30 ns
10| toweaz [ CAS to Output Low Impedance 20 20 ns 45
11| toriax tz” 'CAS to Output Low Impedance ns 45
tavav tRer Time Between Refresh 4 4 ms
tr tr Transition Time (Rise and Fall) 3 50 3 50 ns 6
NOTES

This parameter not applicable if operated with CAS grounded.

-

. All Voltages referenced to Vgs.

2. An initial pause of 100 microseconds is required after power up followed by a minimum of eight mttnalnzatnon cycles (any
combination of cycies containing a RAS clock such as RAS-only refresh). Eight initialization cycles are required after ex-
tended periods of bias without clocks (greater than 4 ms).

3. A.C. characteristics assume ty = 5 ns.-All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF,
ViL (min) = Vgg and Vi (max) < Vpp.

[o2 03,00
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. Assumes three state test load (5 pF and a 380 Ohm Thevenin equivalent).
. Al any given temperature and voltage combination, tyz (max) is less than t z (min) from device to device.
. tr is measured between Vi (min) and V. (max).



|ntel® 51C65H

ELIMINARY

A.C. CHARACTERISTICS (Con’t.)

Read Cycle
JEDEC 51C65H-10 | 51C65H-12
No. Symbol Symbol Parameter Min. |Max. |[Min. | Max. Unit | Notes
12 [taiay | tRac Access Time From RAS 100 120 | ns 7
13 [tosav | teac” | Access Time From CAS 20 26 | ns
14 | tavay teaa Access Time From Column Address 55 65 | ns
15 | toscrs | toasm ™ | CAS Pulse Width (Read Cycie) 20 25 ns
16 {toiimm | taswm” | FAS Hold Time (Read Cycle) 10 10 ns
17 | twuscre | trcs Read Command Set-up Time 0 0 ns
18 {taiax | tam Column Address Hold Time from RAS 90 110 ns
19 | tavrmn » tcAR Column Address to RAS Set-up Time 55 65 ns
20 |terowx | tack Read Command Hold Time referenced to CAS 0 ] ns
21 {tapowx | tReH Read Command Hold Time referenced to RAS 10 10 ns
22 | tayoax tARH Golumn Address Hold Time referenced to RAS 0 0 ns
23 {tg jav trAD RAS to Column Address Delay Time 20 45 20 55 | ns 8
Write Cycle
24 |t ycunw| tcaswr CAS Pulse Width (Write Cycle) 30 35 ns
25 | toLsamiw)| tasiwy | RAS Hold Time (Write Cycle) 35 40 ns
26 ftaiiwee | twom RAS to Write Command Delay Time 30 - 35 ns
27 | twiimnr | tawe Write Command to RAS Lead Time 30 35 ns
28 | twirer . | tow Write Command to CAS Lead Time 30 35 ns
29 | twiiwrs | twe Write Command Pulse Width 30 35 ns
30 | twhowiz |ltwep Write Command Precharge Time 10 15 ns
31 {twice | twes Write Command Set-up Time 0 0 ns 9
32 lteiwrr L twen™ Write Command Hold Time 30 35 ns
33 {taiiwnt | 'woR Write Command Hold Time from RAS 80 90 ns
34 |taywe | tawst Column Address to Write Command Set-up Time 5 5 ns 10
35 [tavwre | tawsz Column Address to Write Command Set-up Time 55 65 ns 1
36 | twiiax | taws Column Address to Write Command Hold Time 15 20 ns
37 {tovwe | tos Data-in Set-up Time 0 0 ns
38 Ptwiiox  |low Data-In Hold Time 20 25 ns
39 |twioox | low Output Active From End of Write 0 0 ns
NOTES:
* This parameter not applicable if operated with CAS grounded.
7. Assumes that trap < trap (Max). If trap > trap (Max), then trac will increase by the amount that trap exceeds trap (Max).
8. trap specified for reference only. o
9. twes, thwo, tewp. and tawp are specified as reference points only. if twcs = twes (min), the cycle is a CAS controlled write
cycle (early write cycle) and the data out pin will remain high impedance for the duration of WE low. If tcwp =towp (min) and
trwo = trwp (Min) and tawn =tawp (Min) the cycle is a read-modify-write cycle and the data out will contain the data read
from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate.
10. taws: is applicable for a CAS controlied write operation, i.e., the leading edge of WE is low prior to or coincident with a CAS

11.

low transition.
Under typical TTL conditions {Vin 2 3V) and low supply inductance tawsz =taws:. Otherwise, tawsz is applicable for aWE
controlled write operation, i.e., the leading edge of CAS is low prior to a WE low transition.
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lI'\".'el® 51C65H P ABLIMINARY

A.C. CHARACTERISTICS (Con’t.)

Read-Modify-Write Cycle12

# ;s:igl Symbol Parameter 51C65H 10 S1c65H-12 Unit | Notes
Min. Max. Min. Max.

40| tRierLz (RMW) trwe Read-Modify-Write (RMW) Cycle Time 195 230 ns

41] taLiRHY (AMW) tRRW RMW CycleﬁA_S Puise Width 135 75000 160 75000 | ns

22| toLicn mwwy | tcaw” | RMW Cycle CAS Pulse Width 55 65 ns

43| tarow tawn | PAS to WE Hold Time 5 5 ns

44] taowee tawp | RAS to WE Delay 100 120 ns | 13
45| tavwiz tawp Column Address to WE Delay 55 65 ns | 13
46| tcLiwie towo” | CAS to WE Delay 20 25 ns | 13

Static Column Mode14

# ;i:i; Symbol Parameter 51C65H-10 S1C65H-12 Unit | Notes
) Min. | Max. | Min. | Max.

471 taxax toHA Output Hold Time From Address Change | 10 10 ns

48]  twhzax tonw Output Hold Time From End of Write 0 0 ns

49] twhzav twpa RMW Write Precharge Access Time 70 80 ns 15
50| twiLiqv twRA RMW Write-Read Access Time 105 120 ns 15
51| twhawLz twps RMW Write Command Prcharge Time 55 65 ns
NOTES:

-

This parameter not applicable if operated with CAS grounded.
12. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously specified.
13. twes, tawo. twep, and tawp are specified as reference points only. If twcs =twcs (min), the cycle is a CAS controlled write
cycle (early write cycle) and the data pin will remain high impedance for the duration of low. If towp = town {min) and
trwp = tawp (Min) and tawp = tawp (min) the cycle is a read-modify-write cycle and the data out will contain the data read
from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate.
14. All previously specified A.C. characteristics are applicable.
15. Access time from a write command to a read command is determined by the longer of tcaa OF twpa OF twra.
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Typica! power supply waveforms versus time are shown for the RAS/CAS timings of the Read/Write and RAS-
only refresh cycles. Igp current transients at the RAS and CAS edges are significantly reduced from typical
high speed NMOS DRAMs.
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GRAPH 10 GRAPH 11 GRAPH 12
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FUNCTIONAL DESCRIPTION

The 51C65H is a CHMOS dynamic RAM optimized for
high data bandwidth applications. The 51C65H func-
tionality is similar to a traditional dynamic RAM oper-
ation. The 51C65H reads and writes data by
multiplexing 16 address bits into 8 row and 8 column
address bits. The row address is latched in by the Row
Address Strobe (RAS). The column address, however,
flows through the internal address latch and access
time is dependent upon a vaiid column address. The
Column Address Strobe (CAS) acts only as an output
enable signal (active low) and can remain low during
the entire memory operation.

Memory Cycle

The memory cycle is initiated by bringing RAS active
jow. Any memory cycle once initiated must not be end-
ed or aborted prior to fulfilling the minimum tgag tim-
ing specification. This ensures proper device
operation and data integrity. Additionally, a new cy-
cle cannot be initiated until the minimum precharge
time, tgp, has elasped. The output pin will always
switch into the high impedance state when a memory
cycle is initiated and remain in the high impedance
state for a minimum period specified by tg, 7. At that
time, the output can change impedance states.

Read Cycle

A read cycle is performed by maintaining the Write
Enable (WE) signal high during the RAS operation.
The column address must be held for a minimum time
specified by tag. CAS may either be held low or be
puised similar to the traditional CAS operation.

For applications where CAS is held low, the ouput pin
is always in a low impedance state except when the
cycle is initiated. The data out becomes valid when
trac and tcaa are both satisfied.

For applications where CAS is pulsed similar to the
traditional CAS operation, the additional timing specifi-
cations noted by the asterisks in the A.C. Characteris-
tics are applicable. The output pin will remain in the
high impedance state until both tg, > and t  are satis-
fied. Data out becomes valid only when tcac, tcaa
and tgac are ali satisfied. Consequently, the access
time is dependent upon the timing relationship among
teacs toaa and tpac. For example, the access time is
limited by 1caa When trac and tgac are satisfied.

Write Cycle

A write cycle is performed by taking WE low during a
RAS operation. To simplify the system design, the
column address is latched in by the later of WE or
CAS. As in the read cycle, CAS may either be held low
or be pulsed similar to the traditional ‘CAS operation.

For applicaticns where CAS is held low, the input data
must be valid at or before the falling edge of WE. The

output pin is always in a low impedance state except
when the cycie is initiated.

For applications where CAS is pulsed similar to the
traditional CAS operation, the additional timing specifi-
cations noted by the asterisks in the A.C. Characteris-
tics are applicable. The input data must be valid at or
before the falling edge or WE of TAS, whichever oc-

curs last. In an early write cycle (the leading edge of
‘WE occurs prior to or coincident with the CAS low tran-
sition) the output pin will be in the high impedance
state at the beginning of the write action. Terminating
the write action with CAS will maintain the output in
the high impedance state; terminating with WE allows
the output to go active.

Refresh Cycle

To retain data, a refresh operation is performed by
clocking each of the 256 row addresses (A, through
A7) with RAS at least every 4 milliseconds. Any Read,
Write, Read-Modify-Write, or RAS-Only cycle will per-
form refresh. CAS is not required.

Static Column Mode Operation

Static column mode operation permits all 256 columns
within a selected row of the device to be randomly ac-
cessed at a high data rate. Read, write, and read-
modify-write cycles can be performed during static
column mode operation. The row address is internally
retained by maintaining RAS active low. Following the
entry cycle into static column mode operation, the
data is accessed simply by changing the column ad-
dress. Because the column address buffer acts as a
transparent or flow-through latch, access begins from
a valid column address. Thus, the 51C65H operates
like a static RAM for multiple accesses within the
same row. CAS acts only as an output enable. Intel's
Application Note #172 CHMOS Drams in Graphics Ap-
plications, provides more details on static column
mode operation.

Data Out Operation

The 51C65H Data Output (D7) is controlied primar-
ily by CAS and secondarily by and WE. CAS acts
only as an output enable. By bringing CAS high, the
output switches to the high impedance state within the
time specified by t,;7. By taking ‘CAS low, the output
switches to a low impedance state after the time speci-
fied by 1 5.

The output is not controlled by CAS during a memory
cycle initialization. By bringing RAS low to initiate a
memory cycle, the output automatically switches to
the high impedance state within the time specified by
tryz and will remain in the high impedance state for
a least the period specified by tz, 7. In an early write
cycle, when WE is asserted before CAS, the output
will remain in the high impedance state until the end

3-109



intel

51C65H e

of write. The output will also remain in the high im-
pedance state in a CAS-only cycle.

Power On

An initial pause of 100 s is required after the appli-
cation of the Vpp supply, followed by a minimum of
eight initialization cycles (any combination of cycles
containing a RAS clock such as RAS-only refresh).
Eight initialization cycles are required after extended
periods of bias without clocks (greater than 4 ms).

The Vpp, current (Ipp) requirement of the 51C65H dur-
ing power on is dependent upon the input levels ot
RAS and CAS. If RAS = Vgg during power on, the
device will go into an active cycle and Ipp would show
current transients similar to those shown for the
RAS/CAS timings. It is recommended that RAS and
CAS track with Vpp or be held at a valid Vy during
power on.

Soft Error Rate

Soft errors are random, non-recurring changes in
memory logic states caused by the impact of an ioniz-
ing particle, such as an alpha particle. For example,
a logic “‘0’" may change to a logic **1"'. The average -
soft error rate (SER) of less than 10 FITs is determined
by accelerated testing using an alpha particle source
and is subsequently confirmed by system testing. The
SER is a function of the operating voltage, cycle time,
package, and the alpha particle source. Intel meas-
ures the SER at Vpp =4.75V, and t,,qe = 1ps. A tho-
rium source of 1.6 x 105 a/cm2/hr is used because it
best matches the package energy spectra.

References

For further details see Application Note (A.P.) #171,
Low Power with CHMOS DRAMS, and A.P. #172,
CHMOS DRAMS in Graphics Applications.
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51C65L
LOW POWER 64K X 1
CHMOS DYNAMIC RAM

PRELIMINASY

51C65L-10 51C65L-12
Maximum Access Time (ns) 100 120
Maximum CHMOS Standby Current (mA) 0.05 0.05

s Low Power Data Retention

— Standby current, CHMOS — 50.A (max.)

— Refresh period, RAS-Only — 64 ms {max.)
— Data retention current — 80uA (max.)

m Low Operating Current — 37 mA (max.)

m Low Input/Output Capacitance

& Fully TTL Compatible

a High Reliability Plastic — 16 Pin DIP
m Column Address Not Latched

During Read Cycle.

The Intel® 51C65L is a low power 65,536 x 1 dynamic Random Access Memory. Fabricated on intel's
CHMOS HI-D technology, the 51C65L offers features not provided by an NMOS dynamic RAM: CHMOS standby
current and extended RAS-Only refresh for low data retention power. All inputs and outputs are TTL compati-
ble and the input and output capacitances are significantly lowered to allow increased system performance.

The 51C65L offers a maximum standby current of 50 uA when RAS =Vpp-0.5V. During standby (i.e. refresh
only cycles), the refresh period can be extended to 64 ms to reduce the total current required for data retention
to less than 80 xA (max.). The 51C65L combines low power with high density for portable and battery backup

applications.

LOGIC SYMBOL PIN CONFIGURATION

Ag DN
Aq
Az
A3z
As Dout [—
Asg
Ag
A7
RAS
CAS
WE

b4 LTI T]

N/C

A2

Voo

O0O00O000000

m NG U s W

-
-
-]

] Vss
] TAS
:] Dout
[ As
|1 A3
(1 A
] As
[1 A7

PIN NAMES

RAS ROW ADDRESS STROBE
CAS COLUMN ADDRESS STROBE
WE WRITE ENABLE

Ag-A; ADDRESS INPUTS

Dy DATA IN

Dout DATA OUT"

Voo POWER (+5V)

Vgs GROUND

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit

Patent Licenses are implied.

©1ntel Corporation, 1984
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ABSOLUTE MAXIMUM RATINGS'
Ambient Temperature Under
Bias....................... -10°C to+80°C
Storage Temperature . . . Plastic -55°C to +125°C
Voltage on Any Pin except Vpp and Doyt
Relativeto Vgg. ... ............. -2.0V to 7.5V
Voltage on Doyt

Relative to Vgg .......... -2.0Vto Vpp + 1V

Voltage on Vpp Relative to Vgg. . . .. -1.0V to 7.5V
Data Qut Current. . ... ............... .. 50 mA
Power Dissipation. . .................... 1.0W

tCOMMENT:

Stresses above those listed under ‘‘Absolute Maxi-
mum Rating” may cause permanent damage to the
device. This is a stress rating only and functional oper-
ation of the device at these or at any other conditions
above those indicated in the operational sections of
this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

D.C. AND OPERATING CHARACTERISTICS'
T,=0°C to 70°C, Vpp =5V + 10%, Vg5 =0V, unless otherwise noted.

51C65L Limits .
Symbol Parameter Unit Test Conditions Notes
Min. |Typ.2| Max.
| Voo Supply Current, 27 37 mA | tac =trc {min), for — 10 A.C. spec 34
DD 1 h y
Operating 23 35 mA | trc =tac (min), for - 12 A.C. spec.
op 2 Voo Supply Current, TTL 07 5 mA BAS at V|H‘, CAS at vy, all other
Standby inputs and output = Vsg
oo 3 Voo Supply Current 24 37 mA | tac = trc (min}, for - 10 A.C. spec 34
RAS-Only Cycle 20 35 mA | trc =tac (min), for —12 A.C. spec
| Voo Supply Current 3 4 mA RAS at Viu, CAS at V|, all other 3
oD 5 Standby, Output Enabled inputs and output =Vgg
Vpo Supply Current BAS=Vpp-0.5V, CAS at Vi,
looe CHMOS Standby 0.008| 005 | mMA | sther inputs and output =Vss
™ Inpul‘ Load Current 1 WA | Vin=Vss to Voo
(any input)
ol Output Leakage Current for ; A RAS and CAS at Vi,
Lo High Impedance State K Dout =Vss to Vop
Vi |npgt Low Voltage 10 0.8 v 5
(alt inputs)
Vil Inpgt High Voltage 24 7.0 v 5
(all inputs)
Vou Output Low Voltage 0.4 A loL=4.2 mA
Vou Output High Voltage 2.4 lon= -5 mA
NOTES:
1. All voltages referenced to Vgg.
2. Typical values are to T,=25°C and nominai supply voltages. . .
3. Iy is dependent on output loading when the device output is selected. Specified I, (max) is measured with the output open.
4. lyp is dependent upon the number of address transitions. Specified I, (max) is measured with a maximum of two transi-
tions per address input per random cycle.
5. Specified V,_(min) is steady state operation. All A.C. parameters are measured with V| (min)=Vgg and V, (max)<Vp,.

8. Test conditions apply only for D.C. characteristics. A.C. parameters specified with a load equivalent to two TTL loads

and 50 pF.
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CAPACITANCE" INOTE:
TA=25°C, Vgp =5V + 10%, Vgg =0V, unless other- Capacitance is measured at worst case voltage Iev-
wise noted. els with a programmable capacitance meter.
Symbol Parameter Typ. | Max. | Unit
Cini Address, Data In 3 4 pF
Cinz RAS, CAS, WE 4 5 pF
Cout Data Out 4 6 pF

A.C. CHARACTERISTICS -2 3
Tao=0°C to 70°C, Vpp =5V + 10%, vgg =0V, unless otherwise noted.

Read, Refresh and Write Cycles

# ;525; Symbol Parameter ;1 Cest-10 5.1 cestL-12 Unit | Notes
in. | Max. | Min. | Max.
1 tRL1RHY tRas BAS Pulse Width 100 | 75000| 120 | 75000| ns
2 | talomie tre Random Read or Write Cycle Time 160 190 | | ns
3 | tamenLe tre RAS Precharge Time 50 60 ns
4 | taicm tcsn” | CAS Hold Time 100 120 ns
5 tWH2RL2 twrp Write to RAS Precharge Time -5 -5 ns
6 | tavAz tasr Row Address Set-up Time o] 0 ns
7 | tauax tRAH Row Address Hold Time 15 15 ns
8 | tmuioz tanz | RAS to Output High Impedance 15 15 | ns
9 | trurax thiz HAS to Output Low Impedance 30 30 ns
10 | toneaz tiz® | TAS to Output High Impedance 0 20 0 20 | ns | 45
" teLiax tz” CAS to Output Low Impedance o] o] ns | 45
trRvRY tReF1 Time Between Refresh 4 4 | msi s
trvay trer2 | Time Between Refresh, RAS-only Refresh 64 64 [ ms| 6
tr tr Transition Time (Rise and Fall) 3 50 3 50 ns 7
NOTES:

= This parameter not applicable if operated with CAS grounded.

1. All voltages referenced 10 Vgg.

2. An initial pause of 100 microseconds is required after power up followed by a minimum of eight initialization cycles (any
combination of cycles containing a RAS clock such as RAS-Only refresh). Eight initialization cycles are required after ex-
tended periods of bias without ciocks (greater than 64 ms).

A.C. characteristics assume t; =5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF,
V) (min)2Vgg and V,, (max) < Vpp,.

. Assumes three state test load (5 pF and a 380 Ohm Thevenin equivalent).

At any given temperature and voltage combination, t,,; (max) is less than t ; (min) from device to device.

. The 51C65L extends the refresh period to 64 ms during RAS-only refresh operation.

.ty is measured between V,, (min) and V, (max).

w

~No o
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A.C. CHARACTERISTICS (Con’t.)

Read Cycle
JEDEC 51C65L-10 | 51C65L-12

No. Symbol Symbol Parameter Min. | Max. | Min. | Max. Unit | Notes

12 |tauav | trac Access Time From RAS 100 120 | ns | B

13 |toLsav teac™ Access Time From CAS 20 25 | ns

14 |tavav tcaa Access Time From Column Address 55 65 ns

15 [teicn | teasm”™ | CAS Pulse Width (Read Cycle) 20 | 25 ns

16 |tcumm [ trswm”™ | FAS Hold Time (Read Cycle) 10 10 s

17 |twrzorz | tres™ Read Command Set-up Time 0 0 ns

18 {tRLiax tar Column Address Hold Time from RAS 90 110 ns

19 {taveHr tcar Column Address to RAS Set-up Time 55 65 ns

20 |tcHawx thcH ™ Read Command Hold Time referenced ta CAS 0 0 ns

21 [truawx | tRRm Read Command Hold Time referenced to RAS 10 10 ns

22 [tmrHzax taRH Column Address Hold Time referenced to RAS 0 0 ns

23 [triiav | teo RAS to Column Address Delay Time 20| 45 20| 55| ns 9
Write Cycle

24 |teLrchnw | teasw™ | CAS Pulse Width (Write Cycle) 30 35 ns

25 |tcLirriw | tRsiwy ™ | RAS Hold Time (Write Cycle) 35 40 ns

26 {trswie | twom RAS to Write Command Delay Time 30 35 ns

27 |tworrmt | tRwe Write Command to RAS Lead Time 30 35 ns

28 |twiicHr | tewl” Write Command to TAS Lead Time 30 35 ns

29 ftwLiwkt | twp Write Command Pulse Width 30 35 ns

30 ItwHzwie |twep Write Command Precharge Time 10 15 ns

31 ltwicle |twes™ | Write Command Set-up Time 0 0 ns | 10

32 ltcoswmr | twen™ Write Command Hold Time 30 35 ns

33 [trRuawH1 | twem Write Command Hold Time from RAS 80 90 ns

34 |tavwie tawst Column Address to Write Command Set-up Time "5 5 ns 11

35 |tavwiz tawsz Cotumn Address to Write Command Set-up Time 55 65 ns 12

36 |twL1ax tawH Column Address to Write Command Hold Time 15 20 ns

37 |tovwiz tos Data-In Set-up Time 0 0 . ' ns

38 {twiibx toH Data-In Hold Time 20 25 ns

39 |twhoax tow Qutput Active From End of Write 0 0 ns
NOTES:

* This parameter not applicable if operated with CAS grounded.

11

t2.

. Assumes that trap <trap (Max). If trap>trap (max) then trac will increase by the amount that taap exceeds trap (Max).
. trap specified for reference only.

twes, thwd, towp. and tawp are specified as reference points only. If twes =twcs (min), the cycle is a CAS controlied write
cycle (early write cycle) and the data out pin will remain high impedance for the duration of WE low. If towp =tcwp (min) and
trwb = trwo (Min) and tawn = tawp (Min) the cycle is a read-modify-write cycle and the data out will contain the data read
from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate.
taws: is applicable for a CAS controlled write operation, i.e., the leading edge of WE is low prior to or coincident with
a CAS iow transition. : _
Under typical TTL conditions (V|4 = 3V) and low sup%ly_isnductance. tawsz = taws1. Otherwise, taws: is applicable for a WE
controlled write operation, i.e., the leading edge of CAS is low prior to a WE low transition.
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A.C. CHARACTERISTICS (Con’t.)
Read-Modify-Write Cycle13
E 51C65L-1 51C65L-

# JEDEC Symbol Parameter SL-10 cesL-12 Unit | Notes

Symbol Min. | Max | Min. | Max.
40 | tayopiommw) tawe Read-Modify-Write (RMW) Cycle Time 195 230 ns
41 | toiamamw | teaw RMW Cycle RAS Pulse Width 135 | 75000 [ 160 | 75000 | ns
42 | to sompmw | torw” | RMW Cycle CAS Puise Width 55 65 ns
43 | tapowns tawn RAS to WE Hold Time 5 5 ns
44 | taiwio tawn RAS to WE Delay 100 120 ns | 14
45 | tyywie tawp Column Address to WE Delay 55 65 ns 14
46 | to1wie tewo™ | CAS to WE Delay 20 25 ns | 14
NOTES:

-

This parameter not applicable if operated with CAS grounded.
13. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously

specified.

14. tws, tawb, twep, and tawp are specified as reference points only. If twes = twes (min), the cycle is a CAS controlled write
cycle (early write cycle) and the data pin will remain high impedance for the duration of WE low. If tewp = tcwp (min) and
tawo = trwo (Min) and tawp =tawp (Min) the cycle is a read-modify-write cycle and the data out will contain the data read
from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate.
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Typical power supply waveforms versus time are shown for the RAS/CAS timings of the Read/Write and RAS-
only refresh cycles. ipp current transients at the RAS and TAS edges are significantly reduced from typicat

high speed NMOS DRAMs.
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FUNCTIONAL DESCRIPTION

The 51C65L is a CHMOS dynamic RAM optimized for
low power applications. The 51C65L functionality is
similar to a traditional dynamic RAM operation. The
51C65L reads and writes data by multiplexing a 16 ad-
dress bits into 8 row and an 8 column address bits.
The row address is latched in by the Row Address
Strobe (RAS). The column address, however, flows
through the internal address latch and access timeis
dependent upon a valid column address. The Column
Address Strobe (CAS) acts only as an output enable
signal (active low) and can remain low during the en-
tire memory operation.

Memory Cycle

The memory cycle is initiated by bringing RAS active
low. Any memory cycle once initiated must not be end-
ed or aborted prior to fulfiling the minimum tgag tim-
ing specification. This ensures proper device
operation and data integrity. Additionally, a new cy-
cle cannot be initiated until the minimum precharge
time, tgp, has elapsed. The output pin will always
switch into the high impedance state when a memory
cycle is initiated and remain in the high impedance
state for a minimum period specified by tg 7. At that
time, the output can change impedance states.

Read Cycle

A read cycle is performed by maintaining the Write
Enable (WE) signal high during the RAS operation.
The column address must be held for a minimum time
specified by tag. CAS may either be held low or be
pulsed similar to the traditional CAS operation.

For applications where CAS is held low, the output pin
is always in a low impedance state except when the
cycle is initiated. The data out becomes valid when
tpac @nd tcaa are both satisfied.

For applications where CAS is pulsed similar to the
traditional CAS operation, the additional timing specifi-
cations noted by the asterisks in the A.C. Characteris-
tics are applicable. The output pin will remain in the
high impedance state until both tg 7 and t, , are satis-
fied. Data out becomes valid only when tcac and teaa
and tgac are all satisfied. Consequently, the access
time is dependent upon the timing relationship among
teac toaa @nd trac- For example, the access time is
limited by tcas When tgac and teac are satisfied.

Write Cycle

A write cycle is performed by taking WE lowduring a
RAS operation. To simplify the system design, the
column address is latched in by the later of WE or
CAS. As in the read cycle, CAS may either be held low
or be pulsed similar to the traditional CAS operation.

For applications where CAS is held low, the input data
must be valid at or before the falling edge of WE. The
output pin is always in a low impedance state except
when the cycle is initiated.

For applications where CAS is pulsed similar to the
traditional CAS operation, the additional timing specifi-
cations noted by the asterisks in the A.C. Characteris-
tics are applicable. The input data must be valid at or
before the failing edge of or CAS, whichever oc-
curs last. In an early write cycle (the leading edge of
WE occurs prior to or coincident with the CAS low tran-
sition) the output pin will be in the high impedance
state at the beginning of the write action. Terminating
the write action with CAS will maintain the output in
the high impedance state; terminating with WE allows
the output to go active.

Refresh Cycle
To retain data, a refresh operation is performed by

.clocking each of the 256 row addresses (A, through

A;) with RAS at least every 4 milliseconds. Any Read,
Write, Read-Modify-Write, or RAS-Only cycle will per-
form refresh. CAS is not required.

Extended Refresh Cycle

The 51C65HL extends the refresh cycle period to 64
milliseconds for RAS-only refresh cycles. This feature
reduces the total current consumption to a maximum
of 80 micro Amperes, and typically 15 micro Amperes,
for data retention (RAS =Vpp-0.5V, RAS-only refresh
operation for the 51C65L-12). The low standby cur-
rent can significantly extend battery life in battery
back-up applications. Current consumption i$ calcu-
lated from the following equation:

_ (trc lacTive) + (tri — tre) (IsTAnDBY)
tRi

|

where tpc = refresh cycle time,
and tg, = refresh interval time or tper/256

Before entering or leaving an extended refresh peri-
od, the entire array must be refreshed at the normal
interval of four milliseconds. This can be accom-
plished by either a burst or distributed refresh.

Data Out Operation

The 51C65L Data Output (Do) is controlled primar-
ity by CAS and secondarily byHKS and WE. CAS acts
only as an output enable. By bringing CAS high, the
output switches to the high impedance state within the
time specified by tyz. By taking CAS low, the output
switches to a low impedance state after the time speci-
fied by t,». ;
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The output is not controlled by CAS during a memory
cycle initialization. By bringing RAS low to initiate a
memory cycle, the output automatically switches to
the high impedance state within the time specified
by truz and will remain in the high impedance state
for at least the period specified by ta.z. In an early
write cycle, when WE is asserted before CAS, the out-
put will remain in the high impedance state until the
ond of write. The output will also remain in the high
impedance state in CAS-only cycle.

Power On

An initiai pause of 100 xs is required after the appli-
cation of the Vpp supply, followed by a minimum of
eight initialization cycles {any combination of cycles
containing a RAS clock such as RAS-only refresh).
Eight initialization cycles are required after extended
periods of bias without clocks (greater than 64 ms).

The Vpp current (Ipp) requirement of the 51C65L dur-
ing power on is dependent upon the input levels of
_%3 and CAS. if RAS= Vgg during power on, the
device will go into an active cycle and Ipp would show
current transients similar to those shown for the
RAS/CAS timings. It is recommended that RAS and

CAS track with Vpp, or be held at a valid V, during
power on.

Soft Error Rate

Soft errors are random, non-recurring changes in
memory logic states caused by the impact of an ioniz-
ing particle, such as an alpha particle. For example,
a logic “0” may change to a logic ‘‘1”. The average
soft error rate (SER) of the 51C65L is less than 10
FiITs. This is determined by accelerated testing using
an alpha particie source and is subsequently con-
firmed by system testing. The SER is a function of the
operating voltage, cycle time, package, and the alpha
particle source. Intel measures the SER at
Vpp =4.75V, and teycle = 1uS. A thorium source of
1.6 x 105 afcm2/hr. is used because it best matches
the package energy spectra.

References

For further details see Application Note (A.P.) #171,
Low Power with CHMOS DRAMS, and A.P. #172,
CHMOS DRAMS in Graphics Applications.
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| 51C65HL :
HIGH PERFORMANCE LOW POWER
" STATIC COLUMN 64K X 1
CHMOS DYNAMIC RAM

51C65HL-10 51C65HL-12
Maximum Access Time (ns) 100 120
Maximum Column Address Access Time (ns) 55 65
Maximum CHMOS Standby Current (mA) 0.05 0.05
m Static Column Mode Operation a Low Power Data Retention
— Continuous data rate over 15 MHz — Standby current, CHMOS — 50.:A (max.)
— Random access from address within row — Refresh period, RAS-Only — 64 ms (max.)
—teac = 20,2508 — Data Retention Current — 80u4A (max.)
m Low Input/Output Capacitance ® Low Operating Current — 37 mA (max.)
m Fully TTL Compatible m High Reliability Plastic — 16 Pin DIP

The Intel® 51C65HL is a high speed 65,536 x 1 dynamic Random Access Memory. Fabricated on Intel’s
CHMOS III-D technology, the 51C65HL offers features not provided by an NMOS dynamic RAM: Static Column
Mode for high data bandwidth, fast usable speed, and CHMOS standby current and extended RAS-Only refresh
for low data retention current. All inputs and outputs are TTL compatible and the input and output capacitances
are significantly lowered to allow increased system performance.

Static Column Mode operation allows random or sequential access of all 256 bits within a row simply by changing
the column address. Because column address access time is as fast as 55 ns, a continuous data rate of over
15 million bits per second can be achieved. The 51C65HL offers high performance while relaxing many critical
system timing requirements for fast usable speed. These features make the 51 C65HL ideally suited for graph-
ics, digital signal processing, and high performance systems.

The 51C65HL offers a maximum standby current of 50 xA when RAS = Vpp-0.5V. During standby (i.e. refresh
only cycles), the refresh period can be extended to 64 ms to reduce the total current required for data retention
to less than 80 pA(max.). The 51C65HL combines this low power with high density for portable and battery backup
applications.

LOGIC SYMBOL PIN CONFIGURATION PIN NAMES
A e RAS ROW ADDRESS STROBE
—a, NIC 1 16 [0 Vss —
a, Din S 2 15 1 cas CAS __ COLUMN ADDRESS STROBE
— A we O] 3 14 [ Dour WE  WRITE ENABLE
% Pour[— RAS [ 4 13 1 As Ag-A7 ADDRESS INPUTS
1 fo Qs 2 g ~ Dn _ DATA INPUT
— vHy wBn Dour _ DATA OUTPUT
i vwo s o[ Voo POWER (+5V)
—o| WE Vss GROUND

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an intel Product. No Other Circuit
Patent Licenses are Implied.

©Intel Corporation, 1984 June, 1984
3-125 Order Number: 280029-001
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ABSOLUTE MAXIMUM RATINGS?

Ambient Temperature Under

Bias. . .

-10°C to+80°C

Storage Temperature . . . Plastic -55°C to + 125°C
Voltage on Any Pin except Vg and Dgyr

Relativeto Vgg. .. ............. .-2.0V to 7.5V
Voltage on Dgyr

Relativeto Vgg  .......... -2.0V to Vpp + 1V
Voltage on Vp, Relative to Vgg. . . .. -1.0Vto 7.5V
Data Out Current. ... ........... ... .. .. 50 mA
Power Dissipation. .. ................. .. 10W

TCOMMENT:

Stresses above those listed under ‘‘Absolute Maxi-
mum Rating”” may cause permanent damage to the
device. This is a stress rating only and functional oper-
ation of the device at these or at any other conditions
above those indicated in the operational sections of
this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

D.C. AND OPERATING CHARACTERISTICS'
T,=0°C to 70°C, Vpp =5V + 10%, Vg5 =0V, unless otherwise noted.

51C65HL Limits
Symbol Parameter mit Unit Test Conditions Notes
Min. |Typ.2| Max.
| Voo Supply Current, 27 37 mA . | trc =trc (min), for — 10 A.C. spec 34
DD 1 ) ,
Operating 23 35 mA | tac = tac (Min), for — 12 A.C. spec.
lbpe | Voo Supply Current, TTL 0.7 » ma | RAS and CAS at Vi, al other
Standby inputs and output = Vgg
150 3 Vpo Supply Current, 24 37 mA | tac =trc (min), for —10 A.C. spec 34
RAS-Only Cycle 20 35 mA | tac =trc (min), for — 12 A.C. spec
oo Voo Supply Current, 18 37 mA | Minimum Cycle for — 10 A.C. spec 34
4 . i
Static Column Mode 17 35 mA | Minimum Cycle for — 12 A.C. spec
Voo Supply Current, RAS at V4, CAS at V,,, all other
Iops 3 4 mA . 3
Standby, Output Enabled inputs and output=Vgg
Vop Supply Current, RAS =Vpp - 0.5V, CAS at Vi,
loos CHMOS Standby 0.008 | 0.05 mA all other inputs and output =Vgg
Hul Input‘ Load Current 1 A Vin = Vss to Vop
(any input)
Mol Output Leakage Current for 1 A RAS and CAS at Vi,
Lo High impedance State Doyt =Vss to Vpp
Vi Inpgt Low Voltage 10 08 v 5
(all inputs)
Vi Ian_Jt High Voltage 24 70 v 5
(alt inputs)
Voo Output Low Voltage 0.4 V 'jlor=4.2mA
Vou Output High Voltage 24 v lon=~-5mA
NOTES:
1. All voltages referenced to Vgg.
2. Typical values are to T, =25°C and nominat supply voltages.
3. lpp is dependent on output loading when the device output is selected. Specified |, (max) is measured with the output open.
4. Ipp is dependent upon the number of address transitions. Specified Iy, (max) is measured with a maximum of two transi-

tions per address input per random cycle, one transition per access cycle in Static Column Mode.

[o2 4]

and 50 pF.

- Specified V, (min) is steady state operation. All A.C. parameters are measured with V, (min)=Vgg and V,, (max) < Vpp.
. Test conditions apply only for D.C. characteristics. A.C. parameters specified with a load equivalent to two TTL Joads
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CAPACITANCE! tNOTE: ‘
Ta=25°C, Vgp =5V + 10%, Vgg =0V, unless other- Capapltance is measured at worst case voltage lev-
wise noted. els with a programmable capacitance meter.
Symbol Parameter Typ. | Max. | Unit
Cini Address, Data In 3 4 pF
Cinz RAS, CAS, WE 4 5 pF
Cour Data OQut 4 6 pF

A.C. CHARACTERISTICS 123

Tao=0°C to 70°C, Vpp =5V 1 10%, vgg = OV, unless otherwise noted.

Read, Refresh and Write Cycles

No. JEDEC Symbol Parameter S1C8SHLT0 | S108sHL2 Unit | Notes
Symbol Min. | Max. | Min. | Max.
1 | taLrke taas RAS Pulse Width 100 | 75000 120 [ 75000 { ns
2 | taLzrL2 the Random Read or Write Cycle Time 160 190 ns
3 | tawoae | tee RAS Precharge Time 50 60 ns
4 | taiowr | tesn” CAS Hold Time 100 120 ns
5 | twuzrie | twee Write to RAS Precharge Time -5 -5 ns
6 | tavALz tasr Row Address Set-up Time ) 0 0 ns
7 | taLax tRAH Row Address Hold Time 15 15 ns
8 | tauiaz trHz RAS to Output High Impedance 15 15 ns 4
9 | taurox thiz RAS to Output Low Impedance 30 30 | ns
10 | toeaz tuz " CAS 1o Output High Impedance 0 20 ] 20 | ns 4,5
11 | tcuiax tz” CAS ta Output Low Impedance [y} 1} ns 4,5
trvRY tREF1 Time Between Refresh 4 4 ms 6
trRvRY trerz Time Between Refresh, RAS-only Refresh 64 64 ms 6
ty tr Transition Time (Rise and Fall) 3 50 3 50 ns 7
!lOTEs:

This parameter not applicable if operated with CAS grounded.

1. All voltages referenced to Vgg.

2. Aninitiat pause of 100 microseconds is required after power up followed by a minimum of eight initialization cycles (any
combination of cycles containing a RAS clock such as RAS-Only refresh). Eight initialization cycles are required after ex-
tended periods of bias without clocks (greater than 64 ms).

. A.C. characteristics assume t; =5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF,
V) (min)=Vgg and V,, (max) = Vpp,.

. Assumes three state test load (5 pF and a 380 Ohm Thevenin equivalent).

. At any given temperature and voltage combination, t,,; (max) is less than t,; (min) from device to device.

. The 51C65HL extends the refresh period to 64 ms during RAS-only refresh operation.

. t; is measured between V,, (min) and V, (max).

w

~NO ! A
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A.C. CHARACTERISTICS (Con’t.)

Read Cycle
JEDEC 51C65HL-10 |51C65HL-12

No-1 symbot | Symbe! Parameter Min. [Max. [Min. [Max. | UMt | Notes

12 itaiav | tRac Access Time From RAS 100 120 | ns 8

13 |teiiov iteac” Access Time From CAS 20 25 | ns

14 | tavay tcan Access Time From Column Address 55 65 | ns

15 toiiom |teasm” | CAS Pulse Width (Read Cycle) 20 25 ns

16 {tcipmr | tasum ™ | RAS Hold Time (Read Cycle) 10 10 ns

17 |twuecre | thos”™ Read Command Set-up Time o ] ns

18 [taiax | tam Column Address Hold Time from RAS 90 110 ns

19 [tawr  |tear Column Address to RAS Set-up Time 55 65 ns

20 |tenowx | tRen” Read Command Hold Time referenced to CAS ] 0 ns

21 | tayowx | trem Read Command Hold Time referenced to RAS 10 10 ns

22 {tayoax | tamu Column Address Hold Time referenced to RAS 0 0 ns

23 | triq1av traD RAS to Column Address Delay Time 20 45 20 55 | ns 9
Write Cycle

24 [ to, 1o teasom ™ | CAS Pulse Width (Write Cycle) 30 35 ns

25 | teLirmiow| tasrowy - | FAS Hold Time (Write Cycle) 35 40 ns

26 |taywe | twor RAS to Write Command Delay Time 30 35 ns

27 twisame | tawe Write Command to RAS Lead Time 30 35 ns

28 [twiscns |tow” | Write Command to CAS Lead Time 30 35 ns

29 ltwiiwns | twe Write Command Pulse Width 30 35 ns

30 | twhowiz | twee Write Command Precharge Time 10 15 ns

31 |ty |twes™ | Write Command Set-up Time 0 0 ns | 10

32 | teiwrn | twen™ Write Command Hold Time 30 35 ns

33 {tawmr | twon Write Command Hold Time from RAS 80 90 ns

34 |tawie | tawss Column Address to Write Command Set-up Time 5 5 ns 1

35 |tawiz | tawse Column Address to Write Command Set-up Time 55 65 ns 12

36 twiiax | tawn Column Address to Write Command Hold Time 15 20 ns

37 Itovwe | lbs Data-in Set-up Time 0 0 ns

38 |twupx | tow Data-In Hold Time 20 25 | ns

39 |twheax | tow Output Active From End of Write 0 0 ns
NOTES

This parameter not applicable if operated with CAS grounded.
8. Assumes that taap <trap (Max). If taap >trap (Max) then taac will increase by the amount that trap exceeds trap (Max).
9. trap specified for reference only.

10. twcs, tawp, towp, and tawp are specified as reference points only. If twes =twes (min), the cycle is a CAS controlled write
cycle (early write cycle) and the data out pin will remain high impedance for the duration of ‘WE low. If tewp = towp (min) and
tawp = trwo (Min) and tawo =tawp (min) the cycle is a read-modify-write cycle and the data out will contain the data read
from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate.

11. tawsi is applicable for a CAS controlied write operation, i.e., the leading edge of WE s low prior to or coincident with
a CAS low transition.

12. Under typical TTL conditions (V4= 3V) and low supply inductance, tawsz = taws1. Otherwise, tawsz is applicabie for a WE
controlled write operation, i.e., the leading edge of CAS is low prior to a WE iow transition.
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A.C. CHARACTERISTICS (Con't.)
Read-Modify-Write Cycle13

4 ;;25; Symbol Parameter 51C65HL-10 51CesHL-12 [, 1y otoJ
Min. Max. Min. Max.

40 | trizrLz (rmw)| tRwe Read-Modify-Write (RMW) Cycle Time 195 230 ns

41 | taLirrt mw)| tarw | RMW Cycle RAS Pulse Width 135 | 75000 | 160 | 75000 | ns

42 | toiicen amw)] terw™ | RMW Cycle CAS Pulse Width 55 65 ns

43 | taawin tawn | RAS to WE Hold Time 5 5 ns

4 | trowee tawo | RAS to WE Delay 100 120 ns | 14
45 | tavwiz tawo | Column Address to WE Delay . 55 65 ns | 14
46 | toLiwee tewn | CAS to WE Delay 20 25 ns | 14

Static Column Mode15

47 | taxax toHa Qutput Hold Time From Address Change 10 10 ns

48 | twhoox touw Output Hold Time From End of Write 0 0 ns

49 | twhzav twea RMW Write Precharge Access Time 70 80 ns| 16

50 | twuiav twra RMW Write-Read Access Time 105 120 ns 1 16

51 tWszLz twps RMW Write Command Precharge Time 55 65 ns
N?TES:

This parameter not applicable if operated with CAS grounded.
13. The parameters shown in the Read-Modity-Write timing diagrams which are not listed in the table are previously specified.
14. twes, tawo, tweo and tawp are specified as reference points only. I twes 2 twes (min), the cycle is a CAS controlled write
cycle (early write cycle) and the data pin will remain high impedance for the duration of WE low. If twp =town (min) and
tawD = tawp (min) and tawo = tawp (Min), the cycle is a read-modify-write cycle and the data out will contain the data read
from the selected address. If any of the above conditions are not satisfied, the condition of data out is indeterminate.
15. All previously specified A.C. characteristics are applicable.
16. Access time from a write command to a read command is determined by the longer of {caa Of twpa OF twra.
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PRELIMINARY

Typical power supply waveforms versus time are shown for the RAS/CAS timings of the Read/Write and RAS-
only refresh cycles. Ipp current transients at the RAS and CAS edges are significantly reduced from typical
high speed NMOS DRAMs.
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GRAPH 10 GRAPH 11 GRAPH 12
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FUNCTIONAL DESCRIPTION

The 51C65HL is a CHMOS dynamic RAM optimized
for high data bandwidth and low power applications.
The 51C65HL functionality is similar to a traditional dy-
namic RAM operation. The 51C65HL reads and writes
data by multiplexing 16 address bits into 8 row and a
8 column address bits. The row address is latched in
by the Row Address Strobe (RAS). The column ad-
dress, however, fiows through the internal address
latch and access time is dependent upon a valid
column address. The Column Address Strobe (CAS)
acts only as an output enable signal (active low) and
can remain low during the entire memory operation.

Memory Cycle

The memory cycle is initiated by bringing RAS active
low. Any memory cycle once initiated must not be end-
ed or aborted prior to fulfilling the minimum tgag tim-
ing specification. This ensures proper device
operation and data integrity. Additionally, a new cy-
cle cannot be initiated until the minimum precharge
time, tgp has elapsed. The output pin will always
switch into the high impedance state when a memory
cycle is initiated and remain in the high impedance
state for a minimum period specified by tg 7. At that
time, the output can change impedance states.

Read Cycle

A read cycle is performed by maintaining the Write
Enable (WE) signal high during the RAS operation.
The column address must be held for a minimum time
specified by tag. CAS may either be held low or be
pulsed similar to the traditional CAS operation.

For applications where CAS is held low, the output pin
is always in a low impedance state except when the
cycle is initiated. The data out becomes valid when
trac @nd tcaa are both satisfied.

For applications where CAS is pulsed similar to the
traditional CAS operation, the additional timing specifi-
cations noted by the asterisks in the A.C. Characteris-
tics are applicable. The output pin will remain in the
high impedance state until both tg 7 and 1, 7 are satis-
fied. Data out becomes valid only when tcac, tcaa
and tgac are all satisfied. Consequently, the access
time is dependent upon the timing relationship among
tcac: tean @nd tpac- For example, the access time is
limited by tcaa when tpac and teac are satisfied.

Write Cycle

A write cycle is performed by taking WE low during a
RAS operation. To simplify the system design, the
column address is latched in by the later of WE or
CAS. As in the read cycle, CAS may either be held low
or be pulsed similar to the traditional CAS operation.

For applications where CAS is held low, the input data
must be valid at or before the falling edge of WE. The

output pin is always in a low impedance state except
when the cycle is initiated.

For applications where CAS is pulsed similar to the
traditional CAS operation, the additional timing specifi-
cations noted by the asterisks in the A.C. Characteris-
tics are applicable. The input data must be valid at or
before the falling edge of WE or CAS, whichever oc-
curs last. In an early write cycle (the leading edge of
WE occurs prior to or coincident with the CAS low tran-
sition) the output pin will be in the high impedance -
state at the beginning of the write action. Terminating
the write action with CAS will maintain the output in
the high impedance state; terminating with WE allows
the output to go active.

Refresh Cycle

To retain data, a refresh operation is performed by
clocking each of the 256 row addresses (A, through
A7) with RAS at least every 4 milliseconds. Any Read,
Write, Read-Modify-Write, or RAS-Only cycle will per-
form refresh. CAS is not required.

Extended Refresh Cycle

The 51C65HL extends the refresh cycle period to 64
milliseconds for RAS-only refresh cycles. This feature
reduces the total current consumption to a maximum
of 80 micro Amperes, and typically 15 micro Amperes,
for data retention (RAS = Vp-0.5V, RAS-only refresh
operation for the 51G65HL-12). The low standby cur-
rent can significantly extend battery life in battery
back-up applications. Current consumption is calcu-
lated from the following equation:

(tac tacTive) + (tri— trc) (IsTanbay)
tRI

where tgc =refresh cycle time,
and tg, =refresh interval time or tge/256

Before entering or leaving an extended refresh peri-
od, the entire array must be refreshed at the normal
interval of four milliseconds. This can be accom-
plished by either a burst or distributed refresh.

Static Column Mode Operation

Static column mode operation permits all 256 columns
within a selected row of the device to be randomly ac-
cessed at a high data rate. Read, write, and read-
modify-write cycles can be performed during static
column mode operation. The row address is internally
retained by maintaining RAS active low. Following the
entry cycle into static column mode operation, the
data is accessed simply by changing the column ad-
dress. Because the column address buffer acts as a
transparent or flow-through latch, access begins from
a valid column address. Thus, the 51C65HL operates
like a static RAM for multiple accesses within the
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same row. CAS acts only as an output enable. Intel's
Application Note #172 CHMOS DRAMS in Graphics
Applications, provides more details on static column
mode operation.

Data Out Operation

The 51C65HL Data Output (Dgyr) is controlled
primarily by CAS and secondarily by RAS and WE.
CAS acts only as an output enable. By bringing CAS
high, the output switches to the high impedance state
within the time specified by t,;7. By taking CAS low,
the output switches to a low impedance state after the
time specified by t, 7.

The output is not controlled by CAS during a memory
cycle initialization. By bringing RAS low to initiate a
memory cycle, the output automatically switches to
the high impedance state within the time specified by
truz and will remain in the high impedance state for
at least the period specified by tg, 7. In an early write
cycle, when WE is asserted before CAS, the output
will remain in the high impedance state until the end
of write. The output will also remain in the high im-
pedance state in a CAS-only cycie.

Power On

An initial pause of 100 u is required after the applica-
tion of the Vpg supply, followed by a minimum of
eight initialization cycles (any combination of cycles
containing a RAS clock such as RAS-only refresh).

Eight initialization cycles are required after extended
periods of bias without clocks (greater than 64 ms).

The Vpp current (Ipp) requirement of the 51C65HL
dun;irn%powe_rgg is dependent upon the input levels
of RAS and CAS. If RAS = Vgg during power on, the
device will go into an active cycle and Ipp would show
current transients similar to those shown for the
RAS/CAS timings. It is recommended that RAS and
CAS track with Vpp or be held at a valid V|, during
power on.

Soft Error Rate

Soft errors are random, non-recurring changes in
memory logic states caused by the impact of an ioniz-
ing particie, such as an alpha particle. For example,
a logic ‘0" may change to a logic ‘‘1”’. The average
soft error rate (SER) of less than 10 FITs is determined
by accelerated testing using an alpha particle source
and is subsequently confirmed by system testing. The
SER is a function of the operating voltage, cycle time,
package, and the alpha particle source. Intel meas-
ures the SER at Vpp =4.75V, and t,y e = 1ps. A tho-
rium source of 1.6 x 105 a/em2/hr. is used because it
best matches the package energy spectra.

References

For further details see Application Note (A.P.) #171,
Low Power with CHMOS DRAMS, and A.P. #172,
CHMOS DRAMS in Graphics Applications.
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