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DP84332 Dynamic RAM Controller Interface Circuit for the

8086 and 8088 CPUs

General Description

The DP84332 dynamic RAM controller interface is a Pro-
grammable Array Logic* (PAL) device which allows for
easy interface between the DP8408 dynamic RAM con-
troller and the 8086 and 8088 microprocessors. No wait
states are required for memory access. Memory refresh-
ing may be hidden (no wait states) or forced (up to three
wait states).

The DP84332 supplies all the control signals needed to
perform memory read, write, and refresh. Logic is also
included to insert a wait state when using slow memory.

Features

B Low parts count controller for the DP8408/DP8409

B Works with 8086 systems configured in min or max
mode

B Performs hidden refresh using the DP8408 dynamic
RAM controller

B Compatible with both the 8086 and 8088
microprocessors

ol Capable of working at all CPU clock frequencies up to
8 MHz

| Standard National Semiconductor PAL part
(DMPAL16R8)

| PAL logic equations can be modified by the user for
his specific application and programmed into any of
the PALs in the National Semiconductor family, in-
cluding the new high speed PALs.

Connection Diagram

Dual-In-Line Package

CLOCK =——{ 1 U 20 b= V¢
A0 — 2 19 |~ NC
BHE—{3 18— NC
s —{4 17p— NC
ALE —{ 5 16— RFSH
RFCK == 6 15 = RDY
AWAIT — 7 14 p— TASH
RFRQ ——1 8 13— TASL
NC—q9 12— RASIN
GND —{ 10 11}—0E
TOP VIEW
TLIFI5000-1

Order Number DP84322N-3
NS Package Number N20A

*PAL is a registered trademark of Monolithic Memories, Inc.

Block Diagram
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Recommended Operating
Conditions (Commercial)

Min Typ Max Units

Vee, Supply Voltage 475 500 525 \

lon, High Level Output Current -3.2 mA

low, Low Level Output Current 24 mA
(Note 2)

Ta Operating Free Air
Temperature 0 75 °C

Electrical Characteristics over recommended operating temperature range

Symbol Parameter Conditions Min

Typ Max Units
Vin High Level input Voltage 2 Y]
Vi Low Level Input Voltage 0.8 v
Vie Input Clamp Voltage Vec=Min, I|= - 18 mA -15 v
VoH High Level Output Voltage Vee=Min, V=2V, V| =08V, iop = Max 2.4 \
VoL Low Level Output Voltage Vee=Min, Vig=2V, V) =0.8V, Ig= Max 0.5 \
lozn Off-State Output Current Veo=Max, Vig=2V, Vg=2.4V, V| =0.8V 100 uhA
High Level Voltage Applied
lozi Off-State Output Current Veec=Max, Viy=2V, V=04V, V| = 0.8V - 100 A
Low Level Voltage Applied
Iy Input Current at Vee =Max, V|=5.5V 1.0 mA
Maximum Input Voltage
Iy High Level input Current Veo=Max, V=24V 25 A
I8 Low Level Input Current Vec=Max, V=04V — 250 pA
los Short Circuit Output Current | Voo = Max —-30 - 130 mA
lco Supply Current Ve = Max 150 225 mA
(Note 1)
DP84332-3 Switching Characteristics over recommended ranges of temperature and Voe
Commercial
Symbol Parameter CRoLn::ist;r;ls T’\‘I::;%Lov:;f;c Units
Min Typ Max
tep Clock to Output C_ =45pF 15 25 ns
tpzx Pin 11 to Output Enable C_=45pF 15 25 ns
texz Pin 11 to Output Disable C =5pF 15 25 ns
tw Width of Clock High 25 ns
Low 25 ns
tsu Set-Up Time 40 ns
tH Hold Time 0 -15 ns
Note 1: Icc = max at minimum temperature.
Note 2: One output at a time; otherwise 16 mA.
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System Block Diagram

Interfacing the DP8408 to an 8086 System

* ADDRESS BUS
A0-6, 7
RO-6, 7 16%
ADDRESS X
PORT DM74LS139 64Kk
0-6, 7
AR ol
»| 8o
ALE »| Aos
»|Cs 16Kk,
64k
DPB4300 47 DP8408
8086 10 MHz MAX
8284A CLK 16k,
MM74LS04 4K
5- ASYNC oT/R | WiN
RFCK I
> »| RASIN
RFRD
| RDY1 > 16k,
r» RENT — e 64k
LATCHED [B_‘!g | 0PBassz (FSH) M1 Mo WE
AWAIT J T T cas|  Jems ORAMS
DATA CONTROL 2
PORY ‘0" =NO WAIT = CASH > *
1" = ONE WAIT CASL DPBa244 [ %
SEE TABLE | SEEEE— VWA
J1i"
= For CK<8 MHz M1='0", MO ="1"
For CK>8 MHz M1="1", MO ="0’
DATA BUS *These outputs may need resistors.

Mnemonic Description

INPUT SIGNALS OUTPUT SIGNALS

CLOCK The CLOCK signal determines the timing of RASIN This output provides a memory cycle start
the outputs and shoutd be connected directly signal to the DP8408, and provides RAS tim-
to the 8086 clock. ing during refresh.

A0, BHE These inputs come from the 8086 CPU. They CASH, These signals are the separate CASs needed
must remain stable during the memory cycle CASL for byte writing. Their presence is controlled
for proper operation of the CAS outputs. by BHE and AO respectively.

CE Chip enable. This input is used to select the RDY This output is used to insert a wait state into
memory and enable the hidden refresh logic. the 8086 memory cycles when selected and

ALE Address latch enable. This input is used to during a forced refresh cycle where the 8086
indicate the beginning of a memory cycle. attempts to access the memory. The 8284A

RFCK Refresh clock. The period of this input deter- i'°$"‘\|é':cu't ihould be configured so that
mines the refresh interval. The duty cycle of S s enabled.
this clock will determine the length of time RFSH This output controls the mode of the DP8408
that the circuit will attempt a hidden refresh. dynamic RAM controller. When_low, it

AWAIT When connected to V¢, the DP84332 will in- sth,ches Ithe D P&QB Ir:to an :g RAS reftr et*;h
sert an extra wait state in selected memory mode. This signal is also used to reset the
cycles. refresh request logic.

RFRQ Refresh request. This input' requests the
DP84332 to perform a refresh. The state of
the RFCK input will determine what type of
refresh will be performed.
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DP84332

Functional Description

A memory cycle starts when chip select (CS) and address
latch enable (ALE) are true. RASIN is supplied from the
DP84332 to the DP8408 dynamic RAM controller, which
then supplies a RAS signal to the selected dynamic RAM
bank. After the necessary row address hold time, the
DP8408 switches the address outputs to the column ad-
dress. The DP84332 then supplies the required CAS sig-
nais (CASH, CASL) to the RAM. For byte operations, only
one CAS will be activated. To differentiate between a read
and a write, the DT/R signal from the CPU is inverted and
supplied by the DP8408 to the memory array.

A refresh cycle is started by one of two conditions. One is
when a refresh is requested (RFRQ is true), refresh clock
(RFCK) is high, and a non-selected memory cycle is
started (CE is not true, ALE is high). This is called hidden
refresh because it is transparent to the CPU. In this case,
the address supplied to the memories comes from the re-
fresh counter in the DP8408, and no CAS signals are
generated from the DP84332. The second form of refresh
occurs when a refresh is requested, refresh clock is low,
and there is no memory cycle in progress. This is called
forced refresh, because the CPU will be forced to wait dur-
ing the next memory cycle to allow for the refresh to be
performed. In this case, a refresh is performed as before,
but any attempt to access memory is delayed by wait
states until after the refresh is finished. In either case, the
refresh request is cleared by the refresh line (RFSH) which
also goes to the DP8408.

in a standard memory cycle, the access can be slowed
down by one clock cycle to accommodate slower mem-
ories. This extra wait state wijll not appear during the hid-
den refresh cycle, so faster devices on the CPU bus will
not be affected.

With higher speed systems, memory speed requirements
will affect the performance of the system. Table | shows
memory speed requirements at three different CPU clock
speeds.

TABLE I. MEMORY SPEED REQUIREMENTS

CPU tcac
Clock No Wait 1 Wait tRan
Frequency States State
8 MHz =105 ns <223 ns =30 ns
5 MHz <170 ns <370 ns <30 ns

tcAc = access time from CAS including deléy through buffers (DP84244)
tRAH = row address hold time from RAS

System Description

For memory operation, the DP84332 can be directly con-
nected between the control signals from the CPU chip set
and the DP8408 dynamic RAM controller. Each CAS output
of the DP84332 is capable of driving eight memory
devices. If additional drive is required, a DP84244 buffer
can be used to increase the fanout to the full capabilities
of the DP8408 (eight memories per output of the DP84244).

The 84332 is a standard National Semiconductor PAL
part (DMPAL16R8). The user can modify the PAL equa-
tions to support his particular application. The 84332
logic equations, function table (functional test) and
logic diagram can be seen at the end of this data sheet.

Refresh Request Logic

To generate the refresh request for the DP84332, external
circuitry is required. Figure 17 shows how this can be im-
plemented, using standard SSI and MSI logic. A
DM74LS393 counter is used to time the period between
refresh cycles, while the DM74LS74 flip-flop is used to
record the need of a new refresh. A better solutionis touse
the 24-pin DP84300 programmable refresh timer, as shown
in Figure 2. This part allows a maximum amount of time for
a hidden refresh to occur before lowering the refresh clock
output, and implements the refresh request logic.

P RFCK

0o o|—> FFRO
DM74LS74

T——< FFSH
FIGURE 1. Using a Flip-Flop and a Counter for
Refresh Request Logic

SYSTEM

CLOCK DIVIDER

SYSTEM
CLOCK > [~ RFCK
DIVIDE
Constan: =)  DP34300
RFSH j—>) RFRQ

FIGURE 2. Using the DP84300 Refresh Counter for
Refresh Request Logic
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Timing Diagrams

Read Timing
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@

L |

ADDRESS H

WRITE DATA

\/

N

RASIN

Ras

[T

RAM ADD .____<7 ROW ADDRESS X

COLUMN ADDRESS

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



Timing Diagrams (continueq)
Memory Cycle with 1 Wait State

DP84332
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Timing Diagrams (continued)

Transparent Refresh
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16R8

DP84332

Dynamic RAM Controller Interface for the 8086-8408 System

CK A0 /BHE /CS ALE RFCK WAIT /RFRQ NC GND /OE /RASIN /CA /CB
RDY /RFSH /A /B IMRQ VCC

DP84332

MRQ:= /RASIN ¢ /CA = /CB * RDY ¢ /RFSH ¢ /A » /B » /MRQ * RFRQ * CS * ALE * /RFCK +
MRQ ¢ RASIN +
RASIN ® /CA » /CB ® RDY * RFSH ¢ /A » /IMRQ » CS » ALE

B:= RASIN ¢ /CA » /CB* RFSH * /A *» /B +
RASIN « /CA « /CB * /RDY * /RFSH o /A » /B » WAIT +
RASIN ¢ RDY ¢ /RFSH » A ¢ /B

A= RASIN ® /CA ¢ /CB ® RDY ¢ /RFSH ¢ /A » /B » /WAIT +

RASIN ® RDY ¢ /RFSH ¢ /A * B+
RASIN » RDY » /RFSH » A * /B

RFSH:= /RASIN ¢ /CA « /CB *» RDY * /RFSH ¢ /A ¢ /B * /IMRQ * RFRQ * /CS ¢ ALE » RFCK +
/RASIN ¢ /CA ¢ /CB » RDY * /RFSH ¢ /A » /B ¢ /MRQ * RFRQ * /RFCK +
RASIN » /CA » /CB » RFSH » /A ¢ /B

/RDY:= /RASIN * /CA + /CB *» RDY ¢ /RFSH ¢ /A ¢ /B « MRQ * RFRQ ® CS ® ALE ¢ /RCFK +
RASIN ¢ /CA « /CB » RDY * RFSH o /A * IMRQ * CS » ALE+
/RASIN ¢ /CA * /CB * RDY ¢ /RFSH ¢ /A * /B « /IMRQ * /RFRQ * CS * ALE » WAIT +
/RASIN ¢ /CA « /CB ¢ /RDY * /RFSH * /A « /B » MRQ * /RFRQ * WAIT +
RASIN ¢ /CA « /CB * /RDY « RFSH ¢ /A +
/RASIN ¢ /CA » /CB * RDY * /RFSH * /A ¢ /B * /MRQ * RFRQ * CS ¢ ALE » RFCK * WAIT

CB:= RASIN ¢ /CA » /CB ¢ /RFSH ¢ /A » /B « BHE +
RASIN » CB « RDY ¢ /RFSH » /A s B « WAIT +
RASIN « CB » RDT * /RFSH » A » /B

CA:= RASIN » /CA » /CB » /RFSH ¢ /A ¢ /B * /A0 +
RASIN » CA » RDY * /RFSH ¢ /A « B« WAIT +
RASIN e CA* RDY * RFSH e A ¢ /B

RASIN: =/RASIN ¢ /CA * /CB * RDY ¢ /RFSH ¢ /A » /B « IMRQ * /RFRQ * CS ¢ ALE +
/RASIN « /CA » /CB * /RDY * /RFSH /A » /B « MRQ * /RFRQ +
RASIN  /CA ¢ /CB * /RFSH ¢ /A ¢ /B +
RASIN ¢ RDY ¢ /RFSH ¢ /A e B ¢ WAIT+
/RASIN ¢ /CA * /CB * RDY * /RFSH ¢ /A * /B * /IMRQ * RFRQ ¢ ALE * RFCK +
/RASIN ¢ /CA » /CB * RDY ¢ /RFSH « /A * /B » /MRQ * RFRQ * /RFCK +
RASIN ¢ /CA» /CB* RFSH e /A* /B+
RASIN » RDY ¢ /RFSH » A ¢ /B
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Function Table
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o cmcx[ INPUTS (0-31) 84332 Logic Diagram PAL16R8
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8086 PAL
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