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TYPICAL SUPPLY CURRENT
TYPE TYPICAL £
FEATURES MAX (rofay
« Aliows burst-mode sccess for 74F1766 150MHz 200mA
systems using Nibble/Page/Static
fu
column mode DRAMs ORDERING INFORMATION
« Complete controt of DRAM 3 COMMERCIALRANGE
acknowlsdge, refresh and address PACKAGES V.. =5V£10%: T, = 0°C 10 +70°C
multiplexing functions : : o " A
48-Pin Plastic DIP N74F1766N
« True KAS interleaving for minimum o
refresh and RAS precharge over- 44-Pin PLCC N74F1766A

head

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

» Asynchronous arblitration to spesed y OADVA |
up sccesses PINS DESCRIPTION ..’.?;F.L”L‘a&; LHnAc?uLoLxE
+ Selectable Precharge and Acknowl-
edge times Cfho, Ty, TAS Enable inputs 10110 | 204A/06mA
« Selectable Row address hold times T, /512,582 navle inpu o '
- Supports TAS before RAS refresh z o i
« Allows control of dynamic RAMs PRECHRG RAS Precharge Select Input 10110 | 20uA/0.6mA
with row access times down to 30ns KEG Memory access request input 1.0/1.0 20UA/0.6mA
« Output drivers designed for incldent .
wave switching cP Clock input 1.01.0 201A/0.6mA
RCP Refresh clock input 1010 | 20pA/06mA
B, B, Bank select inputs 1.0/11.0 20pA/0.8mA
DESCRIPTION -
The Signetics Burst Mode DRAM Control- | WR Reset input 1ono 20440 6mA
ler (BMDC) is a high performance memory |  BREQ Burst request input 1.011.0 20yA/0.6mA
timing generator designed to support Page, .
Nibble or Static Column modes of oparation —ACKSEL Acknowledge select input 1010 | 201A/08mA
in addition to the normal DRAM access| HIDROW Row address hold select input 1.0/1.0 201A/0.6mA
cycles. it performs memory access/refresh PAGE . 1.01
arbitration, refresh and memory access Page mode select input oo 20pA/0.6mA
timing, RAS interleaving, TAS byte decod-| CMODE TAS mode select input 1.01.0 | 20pA/0.6mA
ing and controls up to four banks of DRAM. CWIDTH TAS width select input 1.0/1.0 200LA/0.6mA
The BMDC generates DRAM timing and |  gxg Acknowledge output 750/40 | 3.0mA/24mA
thus requires a companion address multi-
plexer like the 74F1762 Memory Address| MUX Address Muttiplexer output 150740 | 15.0mA/24mA
Multiplexer for row and column address| pxE
generation. This provides the flexibility of o3 Row address strobe outputs 750/40 | 15.0mA/24mA
using the controlier with any size of DRAM| ¥xE Column address strobe cutputs | 750/40 | 15.0mA/24mA
array by simply using an appropriate ad- - %0-33

dress multiplexer. For example when used
with the 74F1762, it can control 4Mbit
DRAMSs.

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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DIP PIN CONFIGURATION PLCC PIN CONFIGURATION
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Burst Mode DRAM Controlier (BMDC) FAST 74F1766

PIN DESCRIPTION

[

SYMBOL ") PLCC TYPE NAME AND FUNCTION

cp 2 2 Input  |Clock input. Used by the controller for all timing and arbitration functions.

RCP 14 12 Input  |Refresh clock input. Divided internally by 64 to produce an internal Refresh Requst.

PRECHRG | 15 13 Input RAS Precharge input. A Low will program the Controller to guarantes 4 CP clock
cycles of pracharge. A High will guarantee 3 clock cycles of precharge.

REG 16 14 Input | Active Low Memory Access Request input, must be asserted for the entire DRAM
access cycle. is sampled on the riging edge of the CP clock.

B,B, 34 34 Input  JRAS Bank Select inputs.See Table1 for decoding information.

BREQ 19 17 Input  |Active Low Burst Request input. If active during an access cycle, the controller auto-
matically toggles outputs for burst access. The duration of the TAS, outputs
are controlled by the CWIDTH and PAGE inputs.

ACKSEL | 21 19 Input  |Acknowledge timing Select input. A Low will program the Controlier to assert ACK

output 2 CP clock cycles after CAS,, is asserted. When High ACK output will be
asserted at the time of assertion of

»

HIDROW | 20 18 Input |Row Address Hold ingut. A Low will program the Controller to assert MUX output 1/2
CP clock cycles after is assarted. When High MUX output will be assened at
the time of assertion of l!mtx.

ACK 22 20 Output |Active Low, 3-state Acknowledge output. Asserted as selected by the ACKSEL

input. This is asserted only once during a burst or non-burst memory access cycle,
and is not asserted during a memory refresh cycle.

CMODE | 9 ] nput  |CAS Mode select ingui. When Low TAS, outputs are enabled directly by the T, ,

i . i ing th
mg&: (‘s'!'é"i’a'gﬁ'b). x Outputs are en;blod by decoding the A , and SIZ(}1
§°/A° 5 5 Input mxo enable input. As selected by the CMODE input. *X" indicates Banks 0-3.
TS‘/A1 [ ) Input mx, enable input. As selected by the CMODE input. "X" indicates Banks 0-3.
Tysiz, |7 7 input  |CAS,, enable input. As selected by the CMODE input. "X" indicates Banks 0-3.
63’521 8 8 Input stxs enable input. As selected by the CMODE input. "X" indicates Banks 0-3.
RAS,, 4843, | 44,39, Output |Active Low Row Address Strobe outputs. Asserted as dictated by the By inputs.
3328 | 31,26 (see Table 1 for decoding information)
17 15 TAS, pulse Width select input. This input selects the initial CAS, pulse width in the
CWIDTH Input bursf(mpgds. When Low the‘i’nitial%ppulso is selected equal 10 3 CP clock cycles
and when High it's selected equal to z)bP clock cycles. This input is ignored in the
nan-burst mode.
MUX 23 21 Output |Row/Column address Multiplex output. Asserted as sslected by the HLDROW input

and is used by an external address multiplexer like the 74F1762.
TRS, 4 | 47-44, | 4340, | Output |Active Low Column Address Strobe outputs. Assarted when anabled by the CAS,

4239 | 38-3s, enable inputs (Table 2) and RAS, bank circuitry.
32-29, | 30-27,
27-24 25-22
PAGE 18 16 lnput | PAGE mode select input. Controls TAS, pulse width after the initial TAS, pulse in

the burst mode. When this input is Low the CAS, pulse is selected equatic 2 CP
cycles and when High it's selected equal o 1 Clg(cych. This is ignored in the non-
burst mode.

MR 1 1 Input aﬁ‘g&‘pw Master Reset input. The first Low to High transition on the CP clock after
is Low will reset the controlier, Afier reset, the 74F 1766 remains in test
mode until the first rising edge of CP clock.

Vee 10-13 | 10,11 Power
GND 34-38 | 3234 Ground —
June 04,1990
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FAST 74F1766

ARCHITECTURE

The 74F 1766 Burst Mode DRAM control-
ler is a synchronous device, with all signal
generation being a function of the input
clock (CP).

The 1766 Block Diagram (Figure 1)
shows the overall architecture of

device, The refresh generator uses

before refresh and produces refresh
requests based upon the frequency of the
refresh clock (RCP). A memory refresh
request is generated for all four banks
every 64 cycles of the RCP clock. This
request is arbitrated individually for all
banks with it's corresponding memory ac-
cess request made through the ﬁEﬁ
input. if both memory access and refresh
requests are active at a given time the
request sampled first will begin immed|-
ately and the other request (if still as-
sertad) will be serviced upon completion
of the current cycle and it's associated

precharge time.

Every one of the four banks have individ-
ual refresh monitors to keep track of any
missed refreshes during a long page
mode access. A total of 127 missed re-
freshes can be stored by sach bank. After
the page mode access cycle the control-
ler will burst refresh that bank umtil alf
missed refreshes have been performed.
In order to limit the number of outputs
switching at the same time the refresh
generator will stagger the refresh cycles
to individual banks, starting from Bank O.
The bank select inputs (B,, . ) select which
RAS, output will be enabled during the
access cycle. Each x Output has it's
own arbiter and timing generator to allow
true FAS interleaving between access
cycles and refresh ﬁlsos. This also en-
ables transparant precharge be-
tween access cycles. The pre-
charge time can be selected by the
PRECHRG input to be equal to either 3 or

BLOCK DIAGRAM
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4 CP clock cycles.
The timing generator allows burst -
burst accesses selected by the
input. i input is asserted during a
memory access cycle the controller will
automatically toggle outputs for
burst accesses. The duration of the first
TAS, pulse is determined by the
cwisTH input, and by the PAGE input for
subsequent TAS, pulses. This is particu-
larly useful whon‘)lock moves are made
into and out of memory for cache trans-
fers. The CAS, outputs may be gated by
the byte select inputs (T, ..) or by a decod-
in&lunction generated by the A /A /SIZ /
SiZ, using the CMODE input. ach RAS
output has an associated set of TAS
outputs for that bank, for example RAS
uses oaOUtPULS, This aliows simul2
taneous ?&resh of banks while
another bank is being accessed by the
processor.
The ACKSEL input allows the assertion of
Acknowledge ( ) output to be either
when ngx is asserted or 2 CP clock
cycles after that. ays asserted in
the burst mode until is negated. The
input can be used to assert
MUX cutput when RAS, is asserted or
one-half CP clock cycle after that.

FUNCTIONAL DESCRIPTION
Most DRAMs require that RAS and CAS
inputs be toggled a number of times be-
fore the DRAM may ba used. The BMDC
has an initialization feature which allows
the automatic excersizing of the DRAMs.
This is done by resetting the device,
which forces the refresh counter to be
offset by ten, thus forcing ten refresh
cycles before allowing any memory ac-
cesscycles. The inputis samplad on
the rising edge of the CP clock. if no
refresh request is being serviced, one of
the RAS, outputs (depending onthe B, |
inputs) will be asserted immodiate?”.
Depending on the state of the Hfﬁﬁﬁﬁ
input, the MUX output will be driven High
either at the assertion of or one-
haif CP cycle after that. One bP cle
after the assertion of RAS,, the ﬂ'sx
outputs enabled ether by the &
or the decoded function of ég&/SIZ /
SIZ, (as selected by the CMODE'inpuf)
will be asserted. If the ACKSEL input is
High, the ATK output will be asserted at
this time; otherwise it will be asserted 2
CP cycies after this time.
The input is sampled when the
TAS, outputs are initially asserted, and
this J&tormines what will take place onthe
CAS, cutputs after their initial assertion.
# BREG is High, the FAS,. MUX and
outputs will remain inﬁ'loir present
state until the negation of REQ, at which
time all signals are negated. Nega-
tion of is asynchronous to the CP
clock cycle and therefore is not sampled

inputs
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FAST 74F1766

by the clock. If the BREQ is Low at the as-
sartion of x the and MUX
ou\%%will stay in their oxisf‘n(ng state but
the outputs afier staying Low for 2
cp cyc\o)é will alternately be negated and
asseried for one CP clock cycle it PAGE
input is High or for two CP clock cycies if
F’%GE input is Low. This process will con-
tinue untill the negation of the AEQ input,
at which time the i:xsx. MUX, CAS, and
ACK outputs will be nagated.

As mentioned before, the controlier quar-
antees a precharge on all the M
outputs to be either 3 or 4 CP clock cycles
as selected by the PRECHRG input. This
precharge function is independent
among the RAS, outputs, which means
that, by connecting the appropriate low-
order address lines from the processor to
the BcH inputs, sequential accesses, a
common occurance with microproces-
sors, will result in no precharge overhead.

The refrash function is aiso independent

between the IAS, outputs, which means
that three RAS, dutputs can be perform-
ing a CAS before refresh, while the
fourthis inthe precharge mode or is being
accessed, thus reducing the overall re-
fresh overhead.

Output driving Characleristics
Consideringtha transmission line charac-
teristics of the DRAM arrays, the outputs
of the DRAM controlier have been de-
signed to provide incident-edge switching
(in Dual-Inline-Packaged memory ar

rays), needed in high performance sys-
tems. For more information on the driving
characteristics, please refer to Signetics
application note number AN218. The
driving characteristics of the 74F1766 are
the same as those of the 74F765 shown
in the application note.

Testing the BMDC

Precautions have been taken in the de-
sign of the BMDC fo facilitate testing ot
the device. Atter a MR is issued and the

CP input is toggled from Low to High all
internal flip-fiops are brought into a known
state, and the device goes into the test
mode from the time is deasserted till
the time the first Low to High transition
occurs on the CP clock. During the test
mode, bank refresh counters (that keep
track of missed refreshes) are clocked by
aHighto Low transition onthe T , inputs
and the main refresh counter is Clocked
on the rising RCP clock edge. The com-
parators that compare the contents of the
main refresh counter and refresh count-
ers of individual banks are clocked by the
Low to High transition on the PRECHRG
inputand are gated onto RAS, outputs by
the T__ inputs. So whenever T, . are
Low, -1 1 outputs are disabled ?pullod
High). f the contents of the main refresh
countar and the individual bank counters
are equal, the corresponding output
will be_High, if not equal the correspond-
ing RAS output will be Low. This allows
{ulltesting of the Counters and compara-
tors with relatively few lines of code.

B, B, |RAS, |RAS, [RAS, |RAS,

ool of 1 1 1

o1 1 0 1 1

1]o] of 1 0 1

10 o} 1 1 0

TABLE 1: BANK SELECT DECODE

CMODE oPERATION | Tysiz,[Tsstz, | T/A,|TyA, |TAS,, |TAS,,|CAS,, |TAS,,

1 0 0 0 ) 0 0 0 0
1 LONG WORD 0 0 (] 1 0 0 0 1
1 0 0 1 0 0 0 1 1
1 0 ] 1 1 0 1 1 1
1 0 1 0 0 1 1 1 0
1 BYTE 0 1 0 1 1 1 0 1
1 0 1 1 0 1 0 1 1
1 0 1 1 1 0 1 1 1
1 1 0 ) 0 1 1 0 0
1 WORD 1 0 0 1 1 (] 0 1
1 1 0 1 0 () 0 1 1
1 1 0 1 1 0 1 1 1
1 1 1 0 0 1 ) 0 0
1 THREE BYTES 1 1 0 1 0 0 0 1
1 1 1 1 0 0 0 1 1
1 1 1 1 1 0 1 1 1

TABLE 2: BYTE SELECT DECODE

200-5
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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 lemperature range.)

June 04,1990

SYMBOL PARAMETER RATING UNIT
voc Supply voitage 05K +7.0 v
Ve Input voitage 0510470 v
[ Input current 3010 +5 mA
Vour Voliage applied 1o output in High output state 051 +Ve. v
lour Current applied 10 output in Low output state 500 mA
Ta Operating free-air temperature range Oto +70 °C
TsTG Storage emperature 65 0 +150 °C
RECOMMENDED OPERATING CONDITIONS
LIMITS
SYMBOL PARAMETER UNIT
Min Nom Max
Vee Supply voltage 45 5.0 55 v
Va High-level input woitage 20 v
\A Low-level input voltage 08 v
|, Input clamp current -18 mA
I pi ATK -15 mA
lou High-leve! output current Al pins except
ATK output 3 mA
'01. Low-level output current 24 mA
Ta Operating free-air temperature range 0 70 °C
200-6
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Burst Mode DRAM Controller (BMDC) FAST 74F1766
DC ELECTRICAL CHARACTERISTICS  (Over recommended operating free-air tlemperature range unless otherwise noted.)
uMITS
SYMBOL PARAMETER TEST CONDITIONS' 2 UNIT
Min | Typ® | Max
$10%)V, 25 | 3.2 v
Vou All pins Vec = MIN, 1= 15mA cc
excopt ATK [ V) = MAX, 5%V, 27 | 34 v
Voo, | High-level output voitage Viy = MIN oz =35mA | 5%V, | 24 v
V.~ = MIN
cc ' +10%V 24 v
Vou RCR v, = MAX, lopi=MAX ce
VIH = MIN tS%Vcc 2.7 33 v
. $10%V 035 (050 | V
Vo Voc =MIN. || <24ma cc
All ping V) = MAX 5%V 0.35 | 0.50 v
Vou oxcopt ATK |V, = MIN o =60mA | 5%V, 045 |080 | V
Low-level output voltage
Vee = MIN, £10%V 035 (050 | V
= 1., =MAX
VOL ACR VIL MAX, oL
VIH = MIN ﬁ%Vcc 035 [ 050 v
Vik Input clamp voltage Voo = MIN | =1, 073 -1.2 v
L input current at maximum input voitage Voo =00V, V= 7.0V 100 | pA
m High-level input current Vg =MAX, V= 2.7V 20 | pA
IIL Low-level input current Vcc =MAX, V' = 0.5V 06 mA
| Off-state output current, - .
OZH | High level voltage applied Voo =MAX, V, = 27V 50 | pA
| Off-state output current, V.. =MAX, V_= 0.5V 50 | pA
oz Low level voltage applied ce °
|4 | Shon-circuit V. =MAX All pins except ACK | -100 -225 | mA
os output current cc ATRK output 50 1150 | ma
] Supply curmrent |CCH V. =MAX 185 | 240 mA
ce total) I cc
{ CCL 200 | 260 mA
NOTES:

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

2. All typical values are lle-sV.TA-ZS'C‘ !

3. Io.‘I [ 3] ’mvmbnlwrmnmmmgwmlnlmmﬂigh & a High to Low transition in a 30 OHM ission ling reapectively. Refer to Appli )
note number AN218 for further explanation.

4. Not more than one output should be shorted at a time. For lesting los the use of high-speed test apparatus and/or sample-and-hokd techniques are preferable in
order 1o minimize internal heating and more accurately reflect operational values. Otherwisa, 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 lests, i 1ests should be performed last.

June 04,1990 200-7
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AC ELECTRICAL CHARACTERISTICS
LIMITS
T,=25°C T,»0°C10+70°C
NO | PARAMETER TEST CONDITIONS V«Eﬁ&‘%}“ V"-ct-'::o‘g"f% UNIT
RL=709 RL=700Q
Min Typ Max Min Max

1 | CP dlock period (tcp) 10 10 ns
2 | CP clock low ime 4 4 ns
3 | cP dock high time 6 6 ns
4 RCP ciock period 100 100 ns
5 RCP dock low time 10 10 ns
6 RCP clock high time 10 10 ns
7 | setup time REQ(!) 1o CP(T) 25 4 ns
8 | Setuptime B, B, o CP(T) 3 4 ns
9 | Setup ime BREQ to CP(T) 3 4 ns
10 | Propagation delay CP(T) to RAS({) 3 75 95 3 10 |ns
11 | Propagation delay REG(T) 0 RAS(T) 4 ] 12 3 13 |[ns
12 | Propagation delay CP(T) to MUX(T) FLDROW = 1 3 8 10 3 11 ns
13 | Propagation delay CP({) to MUX(T) ALDROW = 0 2 55 75 2 85 |ns
14 | Propagation delay REQ(T) to MUX(J) 4 85 10.5 4 15 |ns
15 | Propagation delay CP(T) to TAS(!) 3 85 1.5 3 12 |ns
16 | Propagation delay REG(T) to TAS(T) 4 95 12 4 14 | ns
17 | Propagation delay CP(1) o TAS(T) BREG =0 3 8 10 3 1 |ns
18 | Propagation delay CP(T) o TAS({) BEG =0 3 9 " 3 12 {ns
19 :’ggaga&gah;bhy REG(!) to ACK(3- 2 5 7 2 8 ns
20 | Propagation delay CP(T) to ATK({) ACKSEL = 1 3 75 9.5 3 10 |ns
21 | Propagation delay CP(T) o ATK(4) ACKSEL =0 3 75 95 3 10 |ns
22 :r%_pa‘gma:i;;n delay FET(T) to ATK( Low 2 5 7 2 75 |[ns
23 | Propagation delay CP(T) to TAS({) * REFRESH CYCLE 4 85 12 4 13 | ns
24 | Propagation delay CP(T) o RAS(!) * REFRESH CYCLE 3 75 85 3 10 |ns
25 | Propagation delay CP(T) to TA(T)* REFRESH CYCLE 4 9.5 12 4 14 |
26 | Propagation delay CP(T) to RAS() * REFRESH CYCLE 4 e " 3 13 | ns
27 | Propagation delay FAS(!) w TAS(!) Mep-1 | tiopel | Htop+2.5 | tiep-1 | ticpsd | ns

* The same parameters will hold for a refresh cycle during RAS,, RAS, and RAS, access cycles.

June 04,1980
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AC ELECTRICAL CHARACTERISTICS
LIMITS
T,=25°C T,=0°C10 +70°C
NO | PARAMETER TEST CONDITIONS V==Etffo‘%;°% V?Li:(}/ 0% T
RL=7002 Bl w700
Min Typ Max Min Max
28 | Propagation delay FAS({) 1o MUX(T) HLDROW = 1 4 05 2 15 25 | ns
28 | Propagation delay RAS({) o MUX(T) HLDROW = 0 121cp-3 5[ 1/21cp-1.5 | 1/21cp  |1/2tcp-1.5 2icp+2. Ns
30 | Propagation delay MUX(T) 1o TAS() HLDROW = 1 1%p-1.5 | 11cp+0.5 | t1cps2 | 1ep-25 |cpe2.5| ns
31 | Propagation delay MUX(1) 1o TAS({) ‘HLDROW = 0

1/24cp+0.5 1/2tcp+2 |1/21cp+4.5|1/21cp-0.5 [ 1/21cp+5 nsJ

June 04,1990
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FAST 74F1766
TEST CIRCUIT AND WAVEFORMS
— [ 1w — Pl U]
v
1 sz o “
10% 10% o

— iy Vo n, L“m"" -‘l I"“n.nﬂ)

acneraron o.uy r—'“..n,) r— tnatty
<, ANP (V)
n 0% 0%
I ‘% ‘L I POMTIVE v v
PULSE - -
= = = = = 0% o
4 lyw | ! o
VM = 1.5V
TestCircult For Totem-Pole Outputs Input Pulse Definition
DEFINITIONS
R = Load resistor; see AC CHARACTERISTICS for value. INPUT PULSE REQUIREMENTS
CL Load capacitance includes jig and probe capacitance; FAMILY
(i ' Ampltude | Rep.Rate | t
$60 AC CHARACTERISTICS for value. w | | '
Ry = Termination resistance should be equal to Z,, .+ of 74F 3.0v 1MHz 500ns | 2.5ns | 2.5ns
pulse generators.
June 04,1960

200-13



