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FEATURES

» Allows two microprocessors to

access the same bank of dynamic
RAM

 Performs arbitration, signal timing,
address multiplexing and refresh

» 10 address output pins allow
direct
control of up to 1Mbit dynamic
RAMs

» External address multiplexing
enables control of 4Mbit (or
greater) dynamic RAMs

« Separate refresh clock allows
adjustable refresh timing

» 74F1764/F1764-1 have on-chip 20-
bit address Input latch

« Allows control of dynamic RAMS
with row access times down to
40ns

» 74F1764/F1765 output drivers
designed for incident wave switch-
Ing

» 74F1764-1/F1765-1 output drivers
designed for first reflected wave
switching

DESCRIPTION

The 74F1764/1765 DRAM Dual-ported
Controller is a high speed synchronous
dual-port arbiter and timing generator that
allows two microprocessors, microcon-
trollers, or any other memory accessing
device to share the same block of DRAM.
The device performs arbitration, signal
timing, address multiplexing, and refresh
address generation, replacing up to 25
discrete devices.

74F1764 vs 74F1765

The 74F1764 though functionally and pin
to pin compatible with the 74F 1765 differs
from the later in that it has an on-chip
address input latch. This is useful in sys-
tems that have unlatched or multiplexed
address and data bus.

May 11, 1989

FAST 74F1764/1765

74F1764-1/1765-1
| Megabit DRAM Dual-Ported

TYPICAL SUPPLY CURRENT

TYPE TYPICAL £, (TOTAL)
74F 1764/1765 150MHz 150mA
74F1764-1/1765-1 150MHz 125mA

ORDERING INFORMATION
COMMERCIAL RANGE

PACKAGES Vg = 5V410%; T, 20°C 10 470°C
48-Pin Plastic DIP N74F1764N, N74F1765N, N74F1764-1N, N74F 1765-1N
44-Pin PLCC N74F1764A, N74F1765A, N74F1764-1A, N74F1765-1A

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

74F(U.L) | LOADVALUE
PINS DESCRIPTION HIGH/LOW| HIGHLOW
RAO - RAg Row address inputs 1.0/1.0 20uA/0.6mA
CA,- CAg Column address inputs 1.0/1.0 201A/0.6mA
ﬁEQ1, FREQ2 Memory access request inputs |  1.0/1.0 201LA/0.6mA
cpP Clock input 1.0/1.0 20U A/0.6mA
RCP Refresh clock input 1.0/1.0 20pA/0.6mA
___ | Fr7eann7es 750/40 | 15.0mA/24mA
SEL,, SEL, Select outputs
'F1764-1/1765-1 1000/13.3 | 20.0mA/8mA
'F1764/1765 750/40 15.0mA/24mA
MA0 - MA9 Memory address outputs
'F1764-1/1765-1 1000/13.3 | 20.0mA/8mA
‘F1764/1765 750740 15.0mA/24mA
GNT Grant output
'F1764-1/1765-1 1000/13.3 | 20.0mA/8mA
‘F1764/1765 750/40 15.0mA/24mA
RAS Row address strobe output
'F1764-1/1765-1 1000/13.3 | 20.0mA/8mA
*F1764/1765 750/40 15.0mA/24mA
WG Write gate output
'F1764-1/1765-1 1000/13.3 | 20.0mA/8mA
F1764/1765 | Cotumn address 750/40 15.0mA/24mA
CASEN be enable 1
'F1764-1/1765-1| Srobe enable outpu 1000/13.3 | 20.0mA/8mA
DTAGK 'F1764/1765 Data transfer acknowledge 750/40 15.0mA/24mA
'F1764-1/1765-1| Output 1000/13.3 | 20.0mA/8mA

NOTE:

1.0ne (1.0) FAST Unit Load is defined as: 20pA in the High state and 0.6mA in the Low state
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Philips Semiconductors-Signetics FAST Products Product Specification

FAST 74F1764, 74F1765,
74F1764-1, 74F1765-1

1 Megabit DRAM Dual-Ported Controllers

DIP PIN CONFIGURATION PLCC PIN CONFIGURATION
ne [ 48] ReP
Ra, [2 47] wa
ca, [3 46] GNT
RA, [ 45] CASEN RASuA " 2c';NI:.GNDM m‘ ms
- Sl ] ] ] s ]
ca, [ 42] wa, ﬂ@ il
ra, 3 ] s, CASEN[4) 27] ma g
ca; [3 a3 ma, N [42] 26 | CP
Ra, [i9] [3s] onD wa [4) 25] SEL,
ca, [iY [38] GND RCP[ad 24| REG,
Vee [i2] 37] oD RAg|1}0 23] REQ,
Ve [3] 36] Ma, CAo[2] 22] SEL
Vec [14] 35] mMa, RA4[3] 21] ca,
Ra, [i5] [34] mag ca,[4] [20] RA g
CAg E ;_5, MA RA2E ECAs
RAg [i7] 32] Ma, °A2E 18] RAg
cA7 RO 2] cp AAs RA; v ©CA5 cCcA; ca,
RAs [21] 28) SEL; TOP VIEW
CAg [22 27] AEG,
CAy [24] 25] SET,
TOP VIEW

LOGIC SYMBOL for N Package

<

1 2 3 4 5 67 8 1 1115 1617 18 19 2021 22 23 24

NCRA, CAJRA ,CA RA, CA,RA ,CA; RA, CA,RA ;CA RA CA RA,CA,RA, CA RA CA
SEL4J0— 25
2 REQ 1 SEL: 28
7 REQ 2 RAS [p— 43
2 cP DTACK |[— M
48 RCP CASEN Jo—45
GNT }— 46
MA, MA | MA MA , MA, MA MA ( MA ,MA , MA WG |47

Vee =pin 12,13, 14 42 41 40 35 35 34 33 32 31

GND = pin 37, 38, 39
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Philips Semiconductors-Signetics FAST Products Product Specification

1 Megabit DRAM Dual-Ported Controliers

FAST 74F1764, 74F1765,
74F1764-1, 74F1765-1

PIN DESCRIPTION

IsYMBOL DIPP'NIS’LCC TYPE NAME AND FUNCTION
RA, 2 1
RA, 4 3
RA, 6 5
RA, 8 7
RA, 10 9 i .
nputs | Address inputs used to generate memory row address
RA, 15 12
RA, 17 14
RA, 19 16
RA, 21 18
RA, 23 20
CA, 3 2
CA, 5 4
CA, 7 6
CA, 9 8
CA‘ 1 10 Inputs | Address inputs used to generate memory column address
CA, 16 13
CA, 18 15
CA, 20 17
CA, 22 19
CA9 24 21
R_€51 26 23 | Input | Memory access request from Microprocessor 1
_hﬁz 27 | 24 | Input | Memory access request from Microprocessor 2
CcP 29 26 Input | Clock input which determines the master timing
RCP 48 44 | Input ?:fresh clock determines the period of refresh for each row after it is internally divided by
§E[1 25 22 | output hsﬂ?:gt prs;%g:ﬁr:ctivated in response to active REQ, input indicating selection of
§EE2 o8 25 | output f:lect signal is activated in response to active l'-?tEQ2 input indicating selection of
icroprocessor 2
MA, 42 38
MA, 41 37
MA, 40 36
MA, 36 33
MA, 35 32 Outputs| M d4d desi . .
puts emory address outputs designed fo drive address lines of the DRAM
MA, 34 31
MA, 33 30 3
MA, 32 29
MA, 31 28
MA, 30 27
GNT 46 42 | Output | Grant output, activated upon start of a memory access cycle
RAS 43 39 | Output c'?i?:a?mﬁ sérxge'h:su?g ctacf, :’a’:;:};)tg: {AO:; address into the bank of DRAM (to be connected
WG 47 43 | Output zvy::l}: Gate may be gated with the microprocessor's write strobe to perform an early write
CASEN | 45 41 | Ooutput goll;:gw: NT:dress Strobe Address Enable is used to latch the column address into the bank
DTACK | 44 40 | Output gra;:etr:gs;grs lt\icr:;\c;‘v;lseﬁgz r:n:\ig?tes that the data on the DRAM output lines is valid or the
May 11, 1989
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Philips Semiconductors-Signetics FAST Products

Product Specification

1 Megabit DRAM Dual-Ported Controllers

FAST 74F1764, 74F1765,
74F1764-1, 74F1765-1

ARCHITECTURE

The 74F1764/1765 1 Megabit DRAM
dual-ported controller is a synchronous
device, with all signal generation being a
function of the input clock (CP).

The 'F1764/1765 arbitration logic is di-
vided into two stages. The first stage
controls which one of the two inputs
will be serviced by activating the corre-
sponding output. This arbitration
takes place irrespective of whether or not
arefresh cycle is in progress The arbitra-
tion _is accomplished by sampling the
REQ, and inputs on differenrt
edges of the CP dock. REQ, is sampled
ontherising edge and REQ, onthe falling
edge ( refer to Figure 1 and 2).

Therefore, if access to the DRAM is re-
quested by both processors at the same
time, the contention is automatically re-
solved. The internal flip-flops of the de-
vice used in the arbitration process have
been chosen for their immunity to metas-
table conditions.

The second stage of arbitration selects
between the selected processor and any
internal refresh request. Refresh always
has priority and is serviced immediately
after the current cycle is completed (if
needed). This arbitration stage also indi-
cates the start of an access cycle by
asserting the GNT output.

The Refresh Clock (RCP) input deter-
mines the period for each row. This clock
may be held in the High state for external
or no refresh applications. When used, a
refresh request is internally generated

every 64 RCP cycles. The refresh
counterisincremented atthe end of every
refresh cycle, and provides the refresh
address.

Since SEL outputs indicate which one of
the two memory accessing devices has
been selected to be serviced, these pro-
vide an indication of which processor's
address bus shouid be asserted at the
controller address inputs. A Data Trans-
fer Acknowledge (DTACK) signal is gen-
erated by the timing logic and either this
signal or GNT may be used with the SEL
outputs to indicate the end or beginning of
an access cycle for each processor.

FUNCTIONAL DESCRIPTION

As described eariier, the timing, arbitra-
tion, refresh and multiplexing functions
provided by the controller are all derived
from the CP input. The period of this clock
should be set equal to:

{tras (of the DRAM) + 16-5 )/4 plus any
system guard-band required.

For the 74F1764-1/1765-1 the CP clock
input period should be equal to:

(Tras (of the DRAM) + 22-10 )/4 plus any
system guard-band required.

A microprocessor requests access to the
DRAM by activating the appropriate REQ
input. If a refresh cycle is not in process
and the other request input is not active,
the output corresponding to the ac-
tive REQ input will be asserted to indicate
the selected processor. The GNT output
then goes High to indicate the start of a
memory access cycle. if however, a re-

BLOCK DIAGRAM
Eammee e RTS
DTACK = R e —— we
cP —®  CASEN
Y
SELy -] 1
REG; ——™ M REFRESH/
EE; — | ARBTER ACCESS -
mz -—— ARBITER
RCP —_— %},"&E REFRESH COUNTER
GNT -
RA (- RA g e S
ADDRESS ADDRESS
LATCH® S MUX MUX » mo -MAO
CAO,CA 0 * #
* LATCH AVAILABLE ONLY ON THE F | 764/ 1 764~ |
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freshcycle is in process, and there is only
one active REQ input, the SEL output cor-
responding to the active input willbe
asserted but the GNT output will not go
High until the completion of the refresh
cycle (see Figures 8 and 9).

When the device is servicing a memory
access cycle and a memory access is
also requested by the other processor
before the current cycle is completed, the
SEL outputfor the other processor will not
be issued, though GNT is asserted at that
time, because the other processor is per-
forming an access cycle. This will insure
that there is no contention on the address
bus, i.e., the address bus is not driven by
both processors at the same time.

Following the completion of the current
memory access cycle, the SEL output
corresponding to the awaiting REQ input
will be asserted, followed by the GNT
output. if ,however, there are any pending
refresh requests, assertion of the GNT
output will be held OFF until the refresh
has been serviced.

When GNT goes High, the RA -RA and
CA -CA, address input to the 'F1764/
'F1 964—? are latched internally and the
RAO-RA9 signals are propagated to the
MA‘,-MA9 outputs. The address inputs
are not latched by the 74F1765/F1765-1
and therefore, RAO-RA inputs propagate

directly to the MAC-MA; outputs.

A halfclock cycle is allowed for the ad-
dress signals to propagate through to the
outputs, after which the RAS output is
asserted.



Philips Semiconductors-Signetics FAST Products

Proauct Specification

1 Megabit DRAM Dual-Ported Controllers

FAST 74F1764, 74F1765,
74F1764-1, 74F1765-1

One clock cycle later, the CA_-CA_ latch
outputs on the 'F1764 and 'F? 764-1 or

CAO-CA9 inputs tothe 'F1765 and 'F1765-
1 are selected and propagated to the
MAO-MA9 outputs. The Write Gate (WG)
output becomes valid at this time to indi-
cate the proper time to gate the Write
signal from the selected processor to the
DRAM to perform an Early Write cycle.

is valid, the controller will wait for 2 and
one-half clock cycles before negating
RAS, making a total RAS pulse width of
approximately 4 clock cycles. Since this
width matches the standard DRAM ac-
cess time, the controller next asserts
DTACK output, indicating that valid data
is on the DRAM data lines or that a
memory access cycle is complete.
DTACK may be used to assert valid data

withdraws its request by driving its REQ
input High.

When the request is withdrawn, internal
synchronization takes place, the control-
ler output signals become inactive, and
any pending memory access or refresh
cycles are serviced.

Arefresh cycle is serviced by propagating
the 10 refresh counter address signals to

A haffclock cycle is again allowed forthe  transfer acknowledge for processors the MA,-MA, outputs. After a half-clock
CA_-CA_signals to propagate and stabil-  requiring this signal(i.e., the 68000 family cycle the output is asserted for four
ize. CASEN then becomes valid. CASEN  ©f processors). cycles and then negated for three clock

can be used as CAS output or decoded
with higher order address signals to pro-
duce muttiple CAS signals. Atter EAS%N

cycles to meet the RAS precharge re-
quirements of the DRAMS (see Figures 3
and 4).

All controller output signals are held in this
final state until the selected processor

TIMING SEQUENCE

cpP A’ A B Cc D E

REQ, sampled
A WE@? sampled
SEL, triggered (SEL, triggered by REQ, sample circuitry) (REQ, disabled by SEL, circuitry)
GNT triggered
RAO-RA9 and CAC,-CA9 latched (input address latch triggered by GNT circuitry)*
RA -RA, propagate to MA,-MA, outputs

triggered

WG triggered
CA -CA, selected and propagated to MA,-MA, outputs
CASEN triggered
RAS negated
DTACK triggered

oo W

mm

* Only on 'F1764 and 'F1764-1

Figure 1. Sequence of Events for REQ1 Memory Access Cycle

TIMING SEQUENCE

cpP A’ A B Cc D E

A" REQ, sampled
SEL, triggered (SEL, triggered by REQ, sampling circuitry)
, is not samplecf(disabled by SEL, Circuitry) N
GNT triggered
FIAO-RA9 and CA,-CA, latched (input address latch triggered by GNT circuitry)"
RA -RA9 propagate to MAO-MA9 outputs
RT% triggered
WG triggered
CA,-CA, selected and propagated to MA-MA, outputs

CASEN triggered

RAS negated
DTACK triggered

w >

o0

mm

* Only on 'F1764 and 'F1764-1

Figure 2. Sequence of Events for REQ, Memory Access Cycle
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FAST 74F1764, 74F1765,
74F1764-1, 74F1765-1

1 Megabit DRAM Dual-Ported Controllers

TIMING DIAGRAM

§

o — a— — —— — —— — — — . — — G— —— — — — —— —— — — — ——— — — —

——“——r\
DTACK '

—)

REFREQ* /

I

I

|

N

REF GNT* :
|

|

|

J)

-——-—-_—-——-—.—.———.-—_*-———-————.d-——-{—

RAS

—
MAo'MAg ADD HIGH REFRESH ADDRESS n X‘ +1
«

REF ADD o
CNTR" REFRESH ADDRESS n X n+1

b )} S

T <

Note: "= These are internal signlas only

e e e s b — — — — — e — — — i e v —— . —— — —— —— o——— —
b o e fe e s s d — e —— . —— — — — —— — — . — —— —— —

T

—‘

Figure 3. Refresh Cycle Timing Following a ﬁEQ1 Memory Access Cycle
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‘ _ FAST 74F1764, 74F1765,
1 Megabit DRAM Dual-Ported Controllers 74F1764-1, 74F1765-1

TIMING DIAGRAM

—_t—t e —_ |

A s

A

e — —— — e —— —— ——

[
L

DTACK

3N
REF REQ‘_/ o

REF GNT*

]

— — s o — —

2

— e e — — ———— —— ——

I N
A1) l l
RAS AN /
I
3 | |
MA;-MA;  ADD HIGH REFRESH ADDRESS n X n+1
¢ | |
a 1 1 1 1 1
REF ADD n+1
EF AD) " REFRESH ADDRESS n X +

I I
Note: *= These are internal signlas only

Figure 4. Refresh Cycle Timing Following a REQ,, Memory Access Cycle
2
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1 Megabit DRAM Dual-Ported Controliers

FAST 74F1764, 74F1765,
74F1764-1, 74F1765-1

Using 74F1764/1765 AND 74F1764-1/
1765-1 TO ADDRESS 4MBIT DRAMS

The addressing capabilities of the 1
Megabit DRAM dual-ported controllers
can be extended to address 4Mbit (or
greater) DRAMs by using an external
multiplexer to multiplex additional ad-
dress bits.

Figure 5 shows an application, using an

4Mbit dynamic RAMs. The 10-bit internal
refresh counter of the controller provides
1024 row addresses which more than
meet the refreshing needs for most in-
dustry standard 4Mbit DRAMs. There-
fore, it is unnecessary to provide for any
additional refresh address bits for
DRAMs with up to 1024 rows.

Additional address bits ( for larger

externally as long as the DRAM refresh-
ing requirements do not exceed 1024 row
addresses.

The WG output of the controller shouid be
used to multiplex between the external
row and column addresses. However, it
is important that the propagation delay
through the external multiplexer does not
cause column address setup violations

external 2-to-1 multiplexer to address DRAMs) may also be multiplexed on the dynamic RAM.
APPLICATION
SELECTED
PROCESSORS A
ADDRESS BUS MAg -MAg > o hs
AL-Ay, 2‘;2‘; | Ao m
A2 Az RAS P-{RAS  UDBA
‘F1764/1765 - | TAS
— ! CAS WE
CASEN DECODER Ll
SELECTED
PROCESSORS WG
e S osE Do :D Ao-Ag
WR ot Ajp  4MB
DRAM
- | &S ypsa
- | TAS
| WE
' Ap-Ag
— 2101 A AMBit
> MULTIPLEXER 10
-1 A UDBA
-1 CaS
- WE
«
Ag-Ag
Ao  4MBi
D
| FAS  upBA
—pp-| TAZ
D —————— s
Figure 5. Using the Controller to Address 4Mbit DRAMS
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. ) FAST 74F1764, 74F1765,
1 Megabit DRAM Dual-Ported Controllers 74F1764-1, 74F1765-1

TIMING DIAGRAM

cpP A A Cc DX E F

7]

N

AN

(Y

N

[

3\

(1§

h) 1
L 19

I
I
|
I
I
I
I
I
I

3
©

7

\

L
v

P~

WG

T

N

/

CASEN

\

4
"4

~
-~

|

|
|
]
|
|
|
i
L
|
|
GNT [ A
—_—1 V|
|
|
|
|
]
L]
1
{
|
|
|
|

DTACK

I
I
|
|
|
I
I
|
I
|
I
I
I
]
I
i
|
I
|
|
1
1

|
.
I
|
I
]
1
']
i
I
I
I
1
¥

e — — —— — — — — — — — — —— o a— — — — — —

I
I
1
I
I
I
]
¥
I
I
I
I
I
I
|
I
I
l
t
I
I
I
]
L)
I

MA,-MA; RerF ADDRESS X ADDRESS LOVIX ADDRESS HIGH X REF ADDRESS
b ) ¥
[11

Figure 6. Request 1 ( ﬁEQ1 ) Memory Access Cycle Timing
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_ ! FAST 74F1764, 74F1765,
1 Megabit DRAM Dual-Ported Controllers 74F1764-1, 74F1765-1

TIMING DIAGRAM
cP a/aXB¥c F G
| | | |
=
I | !
A, \| | | || | /1
- ! 1 1 3 |
L ] 7 —1 i U t
I b | |
SEL, | | | | . | /
| 1 1 o |
GNT I | 1 — —u t
| 1/ f I I PN
| L | | | v I
RAS | AN Wik |
| I — t - I
WG [ I va 1 « I
! — } / I | | \——
RSER } — — I |
RS | L1 1 I\ | |/
| I oo [ . |
DTACK | I I I aml t
] | | | I N
| | | | | | 3 ]
MAo'MAg REF ADDRESS XDDRESS LJVX ADDRESS HIGH XREF ADDRESS
I I I | “ 1
Figure 7. Request 2 ( REQ,, ) Memory Access Cycle Timing

~
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. ) FAST 74F1764, 74F1765,
1 Megabit DRAM Dual-Ported Controllers 74F1764-1, 74F1765-1

TIMING DIAGRAM
cP H ALAaNBAC E F G
| [ b I I |
REQ, | L | | /.4__
' I R [ |
e ' ol 1 I " |
2 ] I | ¢
- I ' : ! | | : |
T | | /
! I I 1 1 ! ! [ ® 1
| I 1 T =T T | T
S, , S L | I & I
{ N L 4 |
GNT I I '/ | o | IN__
o I | |
I . . X
| 1 1 \ || | 2 f
RAS | | | |
| : I I A } 2 }
wa | [ / I | I \_
| T I 1 | |
CASEN | T P\ | . I/
| |1 [ — ¢ I
DTACK | . | | / /3 l
| Lol 1 1\
| | I | 1 | 2 |
MA,-MA REFRESH ADDRESS )Qooness LOWX ADDRESS HIGH )C
| b1 T 1 I - |
Figure 8. Request 1 ( REQ, ) Memory Access Cycle Timing Following a refresh Cycle
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1 Megabit DRAM Dual-Ported Controllers

FAST 74F1764, 74F1765,
74F1764-1, 74F1765-1

TIMING DIAGRAM
cP H AYA c DN E F G
| I I | |
REQ, | —— — A
| I I |
REG, | : : | : : ] |
| | | " |
SEL, | T 1 1 1
. I | | /
SEL, g - — +— } 3 }
I I [ 1 R
GNT | |1 / | : : | I\
T — 1 | | I
| T 1 1 | | /]
RAS I x | | |
[ I | 1 *_1\—
wo ! L1 1/ | l
| 1 | L1 | |
CASEN | 1 || \ | |/
| [ I | |
I R I I /—\?—I'\_
DTACK | L1 1 L1 | |
| | I L 1 ] _n ]
MA-MAg REFRESH ADDRESS XADDRESS LO ADDRESS HIGH X
I T T T 1 I
Figure 9. Request 2 ( FKE—Q2 ) Memory Access Cycle Timing Following a refresh Cycle
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1 Megabit DRAM Dual-Ported Controllers

FAST 74F1764, 74F1765,
74F1764-1, 74F1765-1

ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device.
Unless otherwise noted these limits are over the operating free-air temperature range.)

SYMBOL PARAMETER RATING UNIT
Vcc Supply voltage 0.5t +7.0 \"
Vin Input voitage 0510 +7.0 v
In Input current -30to +5 mA
Vour Voltage applied to output in High output state 05w +Voc v
lour Current applied to output in Low output state 500 mA
Ta Operating free-air temperature range Oto +70 °C
TSTG Storage temperature -65 to +150 °C

RECOMMENDED OPERATING CONDITIONS
LIMITS
SYMBOL PARAMETER UNIT
Min Nom Max
Vcc Supply voltage 45 50 55 v
Vi High-level input voltage 20 \
\ Low-level input voltage 0.8 v
ik Input clamp current -18 mA
. 4 74F1764/74F1765 -15 mA
low High-level output current
74F1764-1/74F1765-1 -20 mA
lo Low-level output current’ 74F1764/74F1765 24 mA
74F1764-1/74F1765-1 8 mA
T, Operating free-air temperature range 0 70 °C
NOTES:

1. Transient currents will exceed these values in actual operation. Please refer to Appendix A for a detailed discussion.
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FAST 74F1764, 74F1765,
74F1764-1, 74F1765-1

1 Megabit DRAM Dual-Ported Controllers

DC ELECTRICAL CHARACTERISTICS  (Over recommended operating free-air temperature range unless otherwise noted.)

UMITS
SYMBOL PARAMETER TEST CONDITIONS' 2 UNIT
Min | Typ® | Max
$10%V, 25 v
Y Ve =M, I j=-15MA cc
OH 74F1764 Vel MAX OH 5%V 27 v
3 74F1765 L= J 3 cc
Voup | High-Jevel output voitage Vin =MIN lopp. =-35mA %V, | 24 v
V.. =MIN
cC , $10%V 24 | 27 v
Vou 74P1764-1 | v L MAX, opy=-20mA cc
74F1765-1 Vi =MIN 5%V 26 | 30 v
- +10%V 035 (050 | V
74F1764 z°°. n:::: lo =24mA 5%V = 035 |050 | V
74F1765 N cc ' :
VoL M= loLo =60mA 5%V 045 (080 | V
Low-level output voltage
Voo = MIN, L —8mA +10%V 0.30 | 0.50 v
74F1764-1 | v =MAX, | O 5%V g 030 050 | V
3 74F1765-1 V.. =MIN ;)
Voo H logp =75MA 5%V 21 | 28 v
VIK Input clamp voltage Vcc = MIN, II = I”< 073 ] -1.2 v
II Input current at maximum input voltage Vcc =0.0V, V| =7.0V 100 uA
Iy High-level input current Voo =MAX, V, = 2.7V 20 HA
l“_ Low-leve! input current Vcc =MAX, V=05V 06 mA
74F 1764
| Short-circuit . 74F1765 | Voo =MAX -100 225 | mA
os output curren 74F1764-1
74F1765.1 Vg =MAX 60 | 100 |-150 | mA
'CCH 74F1764 150 | 200 mA
leqy | 7T4F1765 165 | 210 | mA
Icc Supply current I Vcc =MAX
(total) CCH | 74F1764-1 120 | 165 | mA
log, | 74F17651 125 | 170 | mA
NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. Al typical values are at Vcc =5V, TA = 25°C.

3. Refer to Appendix A.

4. Refer to Appendix A.

5. Not more than one output should be shorted at a time. For testing los, the use of high-speed test apparatus and/or sample-and-hold techniques are preferable in
order to minimize internal heating and more accurately refiect operational values. Otherwise, prolonged shorting of a High output may raise the chip temperature
well above normal and thereby cause invalid readings in other parameter tests. In any sequence of parameter tests, 'os tests should be performed last.
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_ _ FAST 74F1764, 74F1765,
1 Megabit DRAM Dual-Ported Controllers 74F1764-1, 74F1765-1

AC ELECTRICAL CHARACTERISTICS for 74F1764/74F 1765

LIMITS
TA=+35°C TA-0°Clo+70°C
Vcc =5V Vec =5V £10%
SYMBOL PARAMETER TEST CONDITION C, = 300pF C, =300pF UNIT
(Refer to Timing R =70Q R =700
Diagrams) L L
Min Typ Max Min Max
fuax Maximum dlock frequency 100 150 100 MHz
ty | Propagation delay, CP(G) to SEL, 50 | 100 14.0 5.0 16.0 ns
toyL | Propagation delay, CP(A) to SEL, 50 | 100 14.0 5.0 16.0 ns
toy | Propagation delay, CP(G) to SEL, 50 | 100 140 | 50 16.0 ns
oy | Propagation delay, CP(A") to §EE2 5.0 10.0 14.0 5.0 16.0 ns
oL Propagation delay, CP(B) to GNT 5.0 10.0 14.0 8.0 16.0 ns
o Propagation delay, CP(G or G') to GNT 50 10.0 15.0 5.0 16.0 ns
toLH Propagation delay 50 12.0 17.0 50 18.0 ns
tPHL CP(B) to MA (row address) 5.0 11.0 15.0 50 16.0
toy | Propagation delay, CP(F or H) to RAS 50 10.0 14.0 50 16.0 ns
toyL | Propagation delay, CP(C) to RAS 50 10.0 14.0 5.0 16.0 ns
toLH Propagation delay, CP(D) to WG 50 10.0 14.0 50 16.0 ns
toHL Propagation delay, CP(G or G') to WG 8.0 13.0 17.0 8.0 18.0 ns
L Propagation delay 50 12.0 17.0 50 18.0 ns
toy | CP(D) to MA (column address) 50 10.0 15.0 50 16.0
toLn Propagation delay, CP(G or G') to CASEN 7.0 17.0 23.0 7.0 25.0 ns
toHL Propagation delay, CP(E) to CASEN 5.0 10.0 14.0 5.0 16.0 ns
YoLH Propagation delay, CP(F) to DTACK 5.0 10.0 14.0 50 16.0 ns
oL Propagation delay, CP(G or G') to DTACK 6.0 13.0 17.0 50 18.0 ns
toyy | Propagation delay 74F1765 40 7.0 120 40 13.0 ns
toyt | RAg-RAg CA,-CA- to MA-MA.[ only 20 5.0 8.0 40 9.0
AC SETUP REQUIREMENTS for 74F1764/74F1765
LIMITS
TA = +25°C TA =0°C to +70°C
Vee =5V Ve =5V 110%
SYMBOL PARAMETER TEST CONDITION cL = 300pF cL = 300pF UNIT
(Refer to Timing R =700 R, =70Q
Diagrams)
Min Typ Max Min Max
ts(H) Setup time, High or Low 20 20 ns
(L) | REQ, . REQ, o CP 2.0 20
th(H) Hold time, High or Low 20 3.0
() |REQ,,REQ, wCP 20 3.0 ns
t,(H) | Setup time, High or Low 40’ 5.0 ns
ts(L) RAO-RAg, CAO-CA9 to CP 74F1764 4.0 5.0
t.(H) | Hold time, High or Low only 50 5.0 n
(L) |RA,RAj CA -CA, to CP 50 50 &
\v(H) CP Pulse width, 50 5.0
(L) | High or Low 50 50 ns
\N(H) RCP Pulse width, 10.0 10.0
t,(L) | High or Low 10.0 10.0 ne

NOTES:
1. These numbers indicate that the address inputs have a negative setup time and could not be valid 4ns after the falling edge of the CP clock. It is suggested that
be used to enable Address Bus 2 and the opposite polarity of the same be used, instead of §ET.'1 to enable Address Bus 1. This will insure that setup time for
Address Bus 1 is not violated.
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. - FAST 74F1764, 74F1765,
1 Megabit DRAM Dual-Ported Controllers 74F1764-1, 74F1765-1

AC ELECTRICAL CHARACTERISTICS for 74F1764-1/74F 1765-1

UMITS
Ty =425°C T,=0°Cto+70°C
Voo =5V Vo =5V110%
SYMBOL PARAMETER TEST CONDITION C, = 300pF C, 300pF UNIT
(Refer to Timing R, =700 R =70Q
Diagrams) L L
Min Typ Max Min Max
fax Maximum dlock frequency 150 175 100 MHz
tmy | Propagation delay, CP(G) to SEL, 90 | 120 15.0 8.0 17.0 ns
toy. | Propagation delay, CP(A) to SEL, 130 | 160 200 | 120 220 ns
tPLH Propagation delay, CP(G") to §EL2 9.0 12.0 15.0 8.0 17.0 ns
toy | Propagation delay, CP(A') to SEL, 13.0 16.0 20.0 120 220 ns
oL H Propagation delay, CP(B) to GNT 9.0 120 14.0 8.0 16.0 ns
oL Propagation delay, CP(G or G') to GNT 20.0 23.0 26.0 17.0 28.0 ns
Iy | Propagation delay 11.0 14.0 17.0 10.0 19.0 ns
toyL | CP(B) to MA (row address) 14.0 18.0 22,0 13.0 240
oy | Propagation delay, CP(F or H) to RAS 110 | 140 16.0 10.0 18.0 ns
toy | Propagation delay, CP(C) to RAS 130 17.0 20.0 120 22,0 ns
toLH Propagation delay, CP(D) to WG 9.0 11.0 14.0 8.0 16.0 ns
tonL Propagation delay, CP(G or G') to WG 20.0 23.0 26.0 19.0 26.0 ns
oK Propagation delay 120 14.0 17.0 11.0 19.0 ns
oy | CP(D) to MA (column address) 14.0 18.0 21.0 13.0 23.0
'y | Propagation delay, CP(G or G') to CASEN 14.0 17.0 20.0 12,0 220 ns
oL Propagation delay, CP(E) to CASEN 14.0 16.0 19.0 13.0 21.0 ns
toL 1 Propagation delay, CP(F) to DTACK 10.0 120 15.0 9.0 17.0 ns
oHL Propagation delay, CP(G or G") to DTACK 20.0 23.0 26.0 19.0 28.0 ns
toy | Propagation delay ‘F1765-1 9.0 11.0 14.0 8.0 16.0 ns
oy | RAg-RAg, CA;-CA 1o MA -MA_[ only 9.0 12.0 15.0 8.0 17.0
AC SETUP REQUIREMENTS for 74F1784-1/74F1765-1
LIMITS
T, =+25°C T,=0°Cto +70°C
Vcc =5V VOC =5V +10%
SYMBOL PARAMETER TEST CONDITION C, = 300pF C, = 300pF UNIT
(Refer to Timing R =700 R _=70Q
Diagrams) Min | Typ | Max | Min | Max
ts(H) Setup time, High or Low 3.0 1.0 40 ns
to(L) REQ, , REQ, o CP 3.0 1.0 40
t,(H) | Hold time, High or Low 20 0 3.0
(L) |REQ,,REQ, wCP 2.0 0 30 ns
t,(H) | Setup time, High or Low 0 10! 10 ns
t(L) | RA-RAG, CA-CA; 1o CP |74¢1764.1 o | -0 10
th(H) Hold time, High or Low only 5.0 30 6.0 ns
4(L) | RAS-RAG, CA,-CAg to CP 5.0 30 6.0
t,(H) | CP Pulse width, 5.0 3.0 5.0
t,(L) | High or Low 50 | 30 50 ne
tw(H) RCP Pulse width, 5.0 5.0
t,(L) | High or Low 50 50 ne

NOTES:
1. These numbers indicate that the address inputs have a negative setup time and could not be valid 4ns after the falling edge of the CP clock. It is suggested that
be used to enable Address Bus 2 and the opposite polarity of the same be used, instead of SET, to enable Address Bus 1. This will insure that setup time for
Address Bus 1 is not violated.
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TEST CIRCUIT AND WAVEFORMS

o\ | tw | oo AP
Vee NEGATIVE | Y v, Yy
T 10% 10% o
Ve Vour L_' ey '4 L— tnu@t)
PULSE
GENERATOR o.ur |>—a nut) r— tnelt)
Ry c ", 0% "% AP
L POSITVE
J_ I PULSE Vu Vu
- - - = - - 0% 10%
f tw 1 o
V=15V
TestCircult For Totem-Pole Outputs input Puise Definition
DEFINITIONS
R = Loadresistor; see AC CHARACTERISTICS for value. FAMILY INPUT PULSE REQUIREMENTS
C, = Load capacitance includes jig and probe capacitance;
L Amplitude | Rep.Rate
see AC CHARACTERISTICS for value. 'w_| ' |t
Ry = Termination resistance should be equal to Zy, y of 74F 3.ov 1MHz | 500ns| 2.5ns | 2.5ns
pulse generators.
APPLICATIONS

The 1 Megabit DRAM dual-ported con-
troller can be designed into a wide range
of single and dual-port interface configu-
rations. The processors could be general
or special-purpose (microcontrollers) and
the data bus may differ in size.

Figure 10 shows two 68000 processors
sharing a 4Meg X 8 (two banks each
consisting of sixteen 1 Meg devices)
memory. Since the 68000 does not have
a multiplexed address and data bus, the
'F 1765/F1765-1 is appropriate.

May 11, 1989

Address bit (A21) from either the two
68000 processors distinguishes between
Memory Banks A and B. Where Bank A
consists of Upper Data Byte A (UDBA)
and Lower Data Byte A (LDBA) and Bank
B consists of Upper Data Byte B (UDBB)
and Lower Data Byte B (LDBB).

Upper and Lower Data Strobes (UDS and
LDS ) from either of the two 68000 deter-
mine whether a byte or word transfer will
take place. The additional circuitry is to
ensure that DTACK to the 68000 is as-

896

serted only when it is selected.

Figure 11 shows two 8086 processors
sharing 1 Mbyte (two banks each consist-
ing of sixteen 256K X 1 devices ) of dy-
namic RAM. Using 'F1764/1764-1 in this
application may eliminate the need for an
external address latch.

Similarly Figure 12 shows two 6020 proc-
essors sharing 4Mbyte of memory.
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FAST 74F1764, 74F1765,
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APPLICATION
o ey g '
: :
— = S| —
GNT CP RCP DTACK
ADDRESS — — ADDRESS|
oecooe P REQq REQy DECODE

= e I

DTACK SE1  74F1765 SEC, DTAZR
RAgg
68000 | %06 CASEN MAgg RES WG d 68000
o £ 11 =
Ao ADDRESS ADDRESS A2t
—_ BUFFERS BUFFERS

@ \?

: DECODER

| ] H t{) -

o
: g
l“ll
-

245 25
OF sKRie4sK ©OF

7

245
5 smHsh

A

ADDRESS i
|
E ]

RAS WE Aog CAS RAS WE Aoy TAS TS WE Aoo G TS WE hp TR
1MEGx8 1MEGx8 1MEGx8 1MEGx8
UDBA UDBA UDBA UDBA
BinPout OinPour « Dy Doyt Diy Poyt
. @ 4 ac

Figure 10. Two 68000 Processors Sharing 4Mbyte of DRAM
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APPLICATION
INTERFACE REFRESH
clock ¢ cLocK
] -
é o—a )'__ﬂ
GNT CP RCP
ADDRESS REQ Ef_bz ADDRESS
DECODE p—1 S, 74F1765 SEL2 —q pecooe
READY* RAg.g READY*
A CAgg CASEN MA, g FAS WG [} 1
ALE 3 - ALE

y woress [ 4» | ] | | s | 0
ADg 15 BUFFERS/ BUFFERS/ Aets
Aets Ao LATCHES A9 pphbnink A0 e

BHE -t 1===- 8HE
8086 --a!' ] = ! e 8086
WR Py - ! : [ : - WR
Voo R DECODER v Yoo
MNAX [—0 9 | O—1 MNMX

$
G
G
ik

A
"y
3
g
?
R
g
[
3
L
L

245 245

ADDRESS
]

‘RAs WE Agg TAS RAS WE Ang TAS TAS WE Aos Cas WAS WE Agg TAS
1MEGx8 1MEGx8 1MEGx8 1MEGx 8
UDBA UDBA UDBA UDBA
O w"Pout on"Pour Din Doyt Ow Pour
IC ale 4P s

DATA

Notes:

*= It might be necessary to synchronize READY by the 8284A. Please refer to the 8086 data sheet.

“*= Whether or not the 8086 address needs to be latched extemally, should be determined by the relative speeds of the 8086 and the
controller

Figure 11. Two 8086 Processors Sharing 1Mbyte of DRAM
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APPLICATION
v INTERFACE @ ¢ REFRESH v
ce CLOCK CLOCK E
% -
[ [ b
B7ACKQ BTAK
DTACK, Veo s Vee DTACK:
A :> ADDRESS < A
221 ! ! MULTIPLEXER 221
68020 ADDRESS | —_— RAge  DTACK [ aooREss 68020
DECODERP” REQ, CAgo REQ, q DECODER
ST, 74F1765 5L,
AW TAS CASEN MA oo A
Apq] 4 4, [Aoy
siZg ,/ DECODER _l DECODER ,/ $Zg.s
Do-31 3 1 Do.a
L Vi
T+ L 1 [ 3
s MULTIPLEXER
4 4
4 y
/] /
DATA | — DATA
BUFFERS BUFFERS
] ADDRESS
1
_|
RAS WE Agg Cas RAS WE Apg TAS FAS WE Ayo cas RAS WE Agy TAB
1 MEG
x8 1MEG x 8 ~ I MEG xS 1MEGx 8
Oin Pout O\ Pour O Pout O’ our

{F

4}

4}

{}

DATA

Figure 12. Two 68020 Processors Sharing 4Mbyte of DRAM
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APPENDIX A

74F1764 FAMILY LINE DRIVING
CHARACTERISTICS
The 74F1764/1765 are designed to pro-
vide wave switching in dual-in package
(DIP) or zig-zag in-line package (ZIP)
housed memory arrays and first reflected
wave switching in single in-line package
(SIP) or single in-line module(SIM)
housed arrays. The 74F1764-1/1765-1,
on the other hand, are designed to pro-
vide first reflected wave switching with as
wide a range of characteristics imped-
ances as possible.

parameters

Thel andl,,

are in %lrﬁ%"z the produ pecifications
to assist engineers in desrgmng systems
which will switch memory array signal
lines inthe above mentioned manner. For
example, the characteristicimpedance of
signallines in DIP housed memory arrays
is usually around 70Q2. if a signal line has
settled out in a High state at 4V and must
be pulled down to 0.8V or less on the

incident wave, the DRAM controller out-
put must sink (4-0.8)/70A or 46mA at
0.8V. The lor2/Vor» Parameter indicates
that the signal line in question will aiways
be swithced on the incidient wave over
the full commercial operating range.

It should be noted here that | and
are intended for 8‘3{: o"% use

ch a% fhat steady state operation at
omz ©F I, is not recommended (long
term stg"ay-state operation at these
currents may result in electromigration).

Figures 1-4 show the output 'V charac-
teristics of the DRAM Controller family of
devices. These figures also demonstrate
graphical method for determining the
incident wave ( and first reflected wave)
characteristics of the devices.

The suggested line termination for the

74F1764/1765 driving a dual in-line pack-
aged or zig-zag packaged DRAMSs is
shown in Figure 8a. When driving single
in-line modules using the 74F1764/1765
or when driving any type of memory ar-
rays with the 74F1764-1/1765-1, The
Schottky diode termination shown in Fig-
ure 8b can be used (most of these will
need no termination at all).

Figures 5-7 are double exposures show-
ing the High to Low to High transitions
while driving four banks of eight dual in-
line packaged DRAMs. The signal line is
unterminated in Figures 5 and 6, allowing
the 74F1764/1765 to ring two volts below
ground while the 74F1764-1/1765-1
make nice clean transitions. In Figure 7
the 74F1764/1765 is driving the same
signal line but with one of its four
branches terminated with its characteris-
tic impedance in series with 300 pF to
ground (the worst of the four branches is
shown).

rvave on this line will typically be to 0.8V.

-V Output Characteristics of the 74F1764/1765 in the Low state.
Light line is the I-V Curve of a 25Q transmission line settied to 3.5V
[typical for recommended termination). The High to Low incident

/

Output / Output
Current-| / Current-|
(50mA per y (S50mA per
division) / division)

4
S~~~ A
I~
™~
Output Voltage-V
(500mV per division)
Figure 1.

incident wave.

I-V Output Characteristics of the 74F1764/1765 in the High state.
Lightline is the |-V Curve of a 35Q transmission line seftied to 0.25V
. The ifcident wave on the Low to High transition will typically be to
2.4V on this line. Any line over 35Q will typically be switched on the

Output Voltage-V
(500mV per division)

Figure 2.
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Output
Current-|
(50mA per
division) -
N —
N
- N
L1 '\-\:
Output Voltage-V
(500mV per division)
Figure 3.

I-V Output Characteristics of the 74F 1764-1/1765-1 in the Low state.
Any unterminated line impedance between 18Q and 70Q (both
shown) will typically switch on the first reflected wave without
violating the -1V minimum input voltage specification typical of
DRAMs

//
Va
Output P d
Current-| y
(50mA per
division)
Output Voltage-V
(500mV per division)
Figure 4.
|-V Output Characteristics of the 74F 1764-1/1765-1 in the High state.

100 mV

Figure 5.
74F1764-1/1765-1 Driving 32 DRAMS (Unterminated)

S5ns
<
s
N
100 mV
L1

Figure 6.

74F1764/1765 Driving 32 DRAMS (Unterminated)
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Sns
i
s
"4
100 mV
L1
Figure 7.

74F1764/1765 Driving 32 DRAMS (Terminated as in Figure 8a)

R = Characteristic
impedance of the
3pr I line
(a) -
D 74F133

any input

®) =

Figure 8.

74F1764/1765 Driving 32 DRAMS (Unterminated)

TEST CIRCUIT AND WAVEFORMS

D.U.T |

T L

PULSE
GENERATOR

“T

Test Circuit Simulating RAM Boards

DEFINITIONS

RL = Load resistor; see AC CHARACTERISTICS for
value.

CL = Load capacitance includes jig and probe capaci-

tance; see AC CHARACTERISTICS for value.

Rr = Termination resistance should be equal to Zour of
pulse generators.

so% tw oow MW
NEGATIVE
PULSE W Vu
¥ 10% 10%

tre Ot)

T ey

20% 0%
POSITIVE
Ve Ve
10% K _10% ov

PULSE
! tw '

VM =15V
Input Pulse Definition

<

FAMILY

INPUT PULSE REQUIREMENTS
Y

Amplitude | Rep. Rate tw

L

74F 3.0V 1MHz 500ns| 2.5ns | 2.5ns
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