intel
51C64H

HIGH PERFORMANCE RIPPLEMODE™ 64K X 1
CHMOS DYNAMIC RAM

51C64H-8 51C64H-10 51C64H-12

Maximum Access Time (ns) 80 100 120
Maximum Column Address Access Time (ns) 45 55 65
Ripplemode Cycle Time (ns) 55 65 75

m Ripplemode Operation m Fast ‘‘Usable Speed”
— Continuous data rate over 18 MHz — tge = 140 ns
— Random access within a row — tcac = 20 ns
— Flow through column latch for pipelining - — tacp = 30 ns min./60 max.

m Low Operating Current — 45 mA m Fully TTL Compatible

= Low Input/Output Capacitance m High Reliability Plastic — 16 Pin DIP

The Intel®51C64H is a high speed 65,536 x 1 dynamic Random Access Memory. Fabricated on Intel's CHMOS IIIl-D
technology, the 51C64H offers features not provided by an NMOS dynamic RAM: Ripplemode for high data
bandwidth and fast usable speed. All inputs and outputs are fully TTL compatible and the input and output
capacitances are significantly lowered to allow increased system performance.

Ripplemode operation allows random or sequential access of up to 256 bits within a row, with cycle times
as fast as 55 ns. Because of static column circuitry, the CAS clock is no longer in the critical timing path.
The flow through column latch allows address pipelining while relaxing many critical system timing require-
ments for fast usable speed. These features make the 51C64H ideally suited for cache based mainframe and
mini computers, graphics, digital signal processing, and high performance microprocessor systems.

LOGIC SYMBOL PIN CONFIGURATION PIN NAMES

I DU AAS ROW ADDRESS STROBE
—n 1 CAS COLUMN ADDRESS STROBE
A : WE WRITE ENABLE
o . AcA; _ ADDRESS INPUTS

i 5 Di DATA IN

—a : Dour DATA OUT

—O RAS

R . 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. N
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51C84H

PRELIWINARY

ABSOLUTE MAXIMUM RATINGSTt
Ambient Temperature Under

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

Relativeto Vss . .............. -2.0V to 7.5V
Voltage on Vpp Relative to Vgs ... — 1.0V to 7.5V
Voltage on Dour

Relative to Vss -2.0Vto Vpp + 1V
DataOutCurrent. .. ................... 50 mA
Power Dissipation

D.C. CHARACTERISTICS'

tCOMMENT :

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

Ta=0°C to 70°C, Vpp =5V + 10%, Vgg =0V, unless otherwise noted.

51C64H
Symbol Parameter Unit Test Conditions Notes
Min. |Typ.2 | Max.
33 45 mA | trc = tac(min), for - 8 specification
Vpo Supply Current,
lopt Operating 27 37 mA | trc = tac(min), for — 10 specification 34
23 35 mA | tre = trc(min), for - 12 specification
Voo Supply Current, TTL RAS and CAS at Vi, all other
lop2 4 mA |,
Standby inputs and output=Vss
28 45 mA | tac =trc(min), for — 8 specification
Vop.Supply Current, TTL AG = tac(min) i
Ipp3 RAS-Only Refresh 24 37 mA | tre =tre(min), for - 10 specification 4
20 35 mA | tac =tpc(min), for — 12 specification
20 45 mA | teg =tpc(min), for — 8 specification
Vop Supply Current, -
Ibpa RipplemodeT™ 18 37 mA | tec= tac{min), for - 10 specification 3,4
17 35 mA | teg = tec(min), for — 12 specification
Voo Supply Current, RAS at V|4, CAS at Vy,, all other
[ 3 6 LY 3
0D Standby, Output Enabled m inputs and output =Vgg
Input Load Current
| 10 A Vin=Vsgs to V,
[ul (any pin) F IN=Vss to Vpp
ol Output Leakage Current for 10 A RAS and CAS at Vi,
Lo High impedance State # Dour = Vss to Vop
Input Low Voltage
V ) -1.0 0.8 \" 5
* (all inputs)
Vi Inplln High Voltage 2.4 Voo 41 v 5
(all inputs) .
Vou Output Low Volitage 0.4 A" loL=4.2 mA
VoH Output High Voltage 2.4 \4 lon= —5 mA
NOTES:

1. All voitages referenced to Vgs.
. Typical values are at To=25°C and Vpp= +5V.

2

3. Ipp is dependent on output loading when the device output is seleﬁt_e_d. Specified ipp {max) is measured with the output open.

4. Ipp is dependent upon the number of address transitions while CAS is at V4. Specified Ipp (max) is measured with a max-
imum of two transitions per address input per random cycle, one transition per access cvcle in Ripplemode.

5. Specified V) (min) is steady state operation. All A.C. parameters are measured with V;_ (min)=Vss and Viy (max) = Vpp.

6. Tast conditions apply only for D.C. Characteristics. All A.C. parameters are measured with a load equivaient to two TTL loads

and 50 pF.
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|nte|® 51C64H PRELINARY
CAPACITANCE? TNOTE: )
T,=25°C, Vgg =5V & 10%, Vgg =0V, unless other- Capacitance is measured at worst case voltage lev-
wise noted. els with a programmable' capacitance meter.
Symbol Parameter Typ. | Max | Unit
Cint Address, Din 3 4 pF
Cing RAS, CAS,WE| 4 5 | pF
Cout Dour 4 6 pF

A.C. CHARACTERISTICS 123

Tp=0°C to 70°C, Vpp =5V + 10%, Vgg=0QV, uniess otherwise noted.
Read, Write, Read-Modify-Write and Refresh Cycles

4 | vEDEC Symbol Parameter 51C64H-8 | 51C64H-10 | 51C64H-12 vait | notes
Symbol Min. | Max. | Min. | Max. | Min. | Max.
1| trLiAHt | tRas RAS Pulse Width 80 |75000} 100 |75000| 120 |75000 | ns
2 | tRLzRL2 | tRe Random Read or Write Cycle Time 140 160 190 ns
3| truzaLz | tre RAS Precharge Time 50 50 60 ns
4| tauicnt [tcsn | CAS Hold Time 80 100 120 ns
5| tavriz | tasm Row Address Set-up Time 0 0 0 ns
6| tauiax | tram Row Address Hold Time 15 15 15 ns
7| torzcLz | tep CAS Precharge Time 10 10 15 ns
8! tomorLe | torp CAS to RAS Precharge Time -20 -20 -20 ns
9| taciciz |taco | RAS to CAS Delay 30 60| 30 80| 35 95| ns | 4
10| taverz |tasc Column Address Set-up Time 0 0 0 ns
114 teliax | tean Column Address Hold Time 10 10 15 ns
12| taiax [ tam Column Address Hold Time From RAS 40 40 50 ns
tavrv | tRer Time Between Refresh 4 4 4|l ms
tr tr Transition Time (Rise and Fall} 50 3 50 50| ns 5
13| teurax {ton Output Buffer Turn On Delay 20 0 20 25| ns
14 | tohzqz | toFF Output Buffer Turn Off Delay 20 0 20 25| ns
NOTES:

1. Ail voltages referenced to Vgs.

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 extended
periods of bias without clocks (greater than 4 ms).

3. A.C. Characteristics assume tt =5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF,
VL (min)=Vgs and Viy (max) =< Vpp.

4. tpep (Max) is specified for reference oniy.

5. tr is measured between Vi (min) and V| (max).

This Materi al
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lnte|® 51C64H p =B

A.C. CHARACTERISTICS (Con’t.)

Read Cycle
# JEDEC Symbol Parameter S1084n2 S1Cou10 | sTCetn 12 Unit | Notes
Symbol Min. | Max. | Min. | Max. | Min. | Max.
15 | trurav trac Access Time From RAS 80 100 120| ns 6
16 | tciav | tcac | Access Time From CAS 20 20 25| ns | 7.8
17 | tavav tcaa Access Time From Column Address 45 55 65| ns 8,9
18 | teLicHim) | toasr) CAS Pulse Width (Read Cycle) 15 |75000| 20 |75000( 25 |75000| ns
19 | teiirrim | tRskmy | RAS Hold Time (Read Cycle) 10 10 10 ns
20 | twhzcL2 tacs Read Command Set-up Time 0 0 0 ns
21 | tavam tecar Column Address to RAS Set-up Time | 45 55 65 ns
22 ltciowx | tach | Read Com. Hold Time Ref. to CAS 0 0 0 ns | 10
23 {tanzwx | tAmn Read Com. Hold Time Ref. to RAS 10 10 10 ns | 10

Write Cycle

# JEDEC Symbol Parameter s10eane SICeIH10 | S108an12 Unit | Notes
Symbol Min. | Max. { Min. | Max. | Min. | Max.

24 | toismiiw) | tRsHayy | RAS Hold Time (Write Cycle) 35 35 40 ns

25 | toLicHiw | tcaswy | CAS Pulse Width (Write Cycle) 25 |75000| 30 [75000| 35 !75000| ns

26 | twsrit | twa | Write Command to RAS Lead Time 25 30 35 ns

27 | twirchs tow Write Command to CAS Lead Time 25 30 35 ns

28 | twiiwH1 twp Write Command Pulse Width 20 20 25 . ns

29 | twiice twes Write Command Set-up Time 0 0 0 ns 11

30 | touiwnn tweH Write Command Hold Time 25 30 35 ns

31 | tovcLe tos Data-in Set-up Time 0 0 0 ns

32 | tcLiox ton Data-In Held Time 20 20 25 ns
NOTES:

6. Assumes that tacp <trcp (max). If trco >taco (Max), then taac wilt increase by the amount that taco exceeds tacp {Max).

7. Assumes trcp =t rep (Max). .

8. If tasc < (tcaa (Max) — tcac (Max) - tr), then access time is defined by tcaa rather than by tcac.
9. When a Ripplemode read cycle immediately follows a Ripplemode write cycle, the specification must be increased by 10ns.

10. Either tacH of thrn Must be satisfied. .

11. twes. trwo. 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 in high impedence throughout the entire cycle. If tcwp = tcwp (Min)
and tawp = tawp (Min) and tawp =tawp(min), then 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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ll'lte|w 51C64H PIRELIINARY

A.C. CHARACTERISTICS (Con't.)
Read-Modify-Write Cycle 12

o| seoEC (O Parameter 51C64H-8 | 51C64H-10 | 51C64H-12 onit | Notes
Symbol Min. |Max. |Min. | Max. | Min. | Max.
33| trizALarMw | tRwe Read-Modify-Write (RMW) Cycle Time | 170 195 230 ns
34| taisrHiww| thrw | RMW Cycle RAS Pulse Width 110 |75000 | 135 [75000| 160 |75000 | ns
35| teuicHipmw] tcrw | RMW Cycle CAS Pulse Width 50 {75000 | 55 |75000| 65 |75000| ns
36| trLrwiz tawp | RAS to WE Delay B0 100 120 ns | 13
37| teLiwiz tcwo | CAS to WE Delay 20 20 25 ns | 13
38| tavwiz tawp | Column Address to WE Delay 45 55 65 ns | 13

Ripplemode Cycle 14

o seoee [ baramoter 51C64H-8 51cs4n-?o 51C64H-12 viitNotes
Symbol Min. | Max. | Min. | Max. | Min. | Max.
39 | teHzav tcar Access Time From Column Precharge 50 60 70 ns | 15,16
40 | toLzcLem) trc Ripplemode Read or Write Cycle 55 65 75 ns | 15,16
41 | tcLzcLarrMw)| trom Ripplemode RMW Cycle Time 80 95 110 | ns
NOTES:

12. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously specified.

13. twcs. trwp, 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 in high impedance throughout the entire cycle. If tcwp = tcwp (min) and
trwb = trwo (Min) and tawp =tawp (Min), then 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.

14, All previously specified A.C. Characteristics are applicable.

15. Access time is determined by the fonger of tcaa or tcac Of tcar.

16. When a Ripplemode read cycle immediately follows a Ripplemode write cycle, the specification must be increased by 10 ns.
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FUNCTIONAL DESCRIPTIONS

The 51C64H is a CHMOS dynamic RAM optimized for
high data bandwidth applications. The functionality is
similar to a traditional dynamic RAM. The 51C64H
reads and writes data by multiplexing a 16 bit address
into an 8 bit row and an 8 bit column address. The row
address is latched in by the Row Address Strobe
(RAS). The column address, however, flows through
the internal address buffer_and is latched by the
Column Address Strobe (CAS). Because access time
is primarily dependent upon a valid column address,
the delay time between RAS and CAS can be long
without affecting the access time.

Memory Cycle

The memory cycle is initiated by bringing RAS low.
Any memory cycle once initiated must not be ended
or aborted prior to fulfilling the minimum tg,g timing
specification. This ensures proper device operation
and data integrity. Additionally, a new cycle cannot be
initiated untit the minimum precharge time, tgp and
tcp, has elapsed.

Read Cycle

A read cycle is performed by maintaining the Write
Enable (WE) signal high during the RAS/CAS opera-
tion. The column address must be held for a minimum
time specified by tyg. Data out becomes valid only
when tgac, tcaa, and toac are all satisfied. Conse-
quently, the access time is dependent upon the timing
relationship among tgac, tcaa @nd toac. For example,
the access time is limited by toaa When tgac and toac
are both satisfied.

Write Cycle

A write cycle is performed by taking WE and CAS low
during a RAS_p_eratlon The column address is
latched in by CAS. The write cycle can be WE con-
trolled or C_% controlied depending upon the later of
WE or CAS low transition. Consequently, the input
data must be valid at or before the falling edge of WE
or CAS, whichever occurs last. In a CAS controlled
write cycle (the feading edge of WE occurs prior to or

coincident with the CAS low transition) the output
{Dou7) pin will be in the high impedance state at the
beginning of the write function. Terminating the write
action with CAS will maintain the  output in the high im-
pedance 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 cycie will per-
form refresh.

Ripplemode™ Operation

Ripplemode operation permits all 256 columns within
a selected row of the device to be randomly accessed
at a high data rate. Maintaining RAS low while succes-
sive CAS cycles are performed, retains the row ad-
dress internally, eliminating the need to reapply it. The
column address buffer acts as a transparent or flow
through latch while CAS is high. Access begins from
the valid column address rather than from CAS,

eliminating tagc and ty from the critical timing path.

CAS latches the addresses into the column address
buffer and acts as an output enable.

During this operation read, write, read-modify-write,
or read-write-read cycles are possible at random or se-
quential addresses within a row. Following the entry
cycle into Ripptemode operation, access time is toaa
or tcap dependent. If the column address is valid pri-
or to or coincident with the rising edge of CAS, then
the access time is determined by the rising edge of
CAS specified by tcap as shown in Figure 1. If the
column address is valid after the rising edge of CAS,
then the access time is determined by the valid
column address specified by tcaa. For both cases,
the falling edge of CAS latches the address and ena-
bles the output.

Ripplemode operation provides a sustained data rate
over 18 MHz for applications that require high data
rate such as bit mapped graphics or high speed sig-
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Figure 1. Ripplemode™ Access Time Determination
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nal processing. The following equation can be used
to calculate the data rate: :

256
Data Rate = m

Data Out Operation

The 51C64H data Output (Doy1), Which has three-
state capability, is controlied by (%JATS During CAS high
state (CAS at V), the output is in the high im-
pedance state. Table 1 summarizes the Doyt state
for various types of cycles.

Power On

An initial pause of 100 us is required after the appti-
cation of the Vpp, supply, followed by a minimum of
eight initiatization 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 51C64H dur-
ing power on is dependent upon the input levels of
RAS and CAS. If RAS = Vgg during power on, the

device would go into an active cycle and lpp would
exhibit large current transients. It is recommended
that RAS and CAS track with Vp, or be held at a valid
V|4 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 51C64H is less than 10
FITs. This is determined by accelerated testing using
an alpha particle source and is subsequently con-
firmed by system testing. The SER is a function of the
operating voitage, cycle time, package, and the alpha
particle source. Intel measures the SER at
Vpp=4.75V, and toyce=14s. A thorium source of
1.6 % 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.

Table 1. Intel 51C64H Data Output Operation for Various Types of Cycles

Type of Cycle ’

Data Out State

Read Cycle

Data from Addressed Memory Cell

CAS Controlled Write Cycle (Early Write)

High Impedance

WE Controlled Write Cycle (Late Write)

Active, Not Valid

Read-Modify-Write Cycle

Data from Addressed Memory Cell

Read-Write-Read Cycle (CAS Controiled)

Data from Addressed Memory Ceil

Read-Write-Read Cycle (WE Controlled)

Data from Addr. Memory Celi and Active, Not Valid

RAS-Only Refresh Cycle

High Impedance

CAS-Only Cycle

High Impedance
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