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APPLICATION NOTE 53
uPD421000/.,PD421001/,PD421002
- 1-MEGABIT DYNAMIC RAMs

T-44-23-03
Description " Figure 1. Pin Layouts
NEC's uPD421000, uPD421001, and uPD421002 are 18-Pin Plastic DIP
1-megabit dynamic RAMs (DRAMs) manufactured with
the CMOS 1-um f_me-pattern process and f:onflg'ured o1 Y wheno
as 1,048,576 x 1 bit. As shown in table 1, this family of WE 2 175 our
DRAMSs has been develop_ed in a variety of speeds and AASC]3 16{_1 TAS [or CS)
packages. The package pin layouts appear in figure 1. NCC]4 15[ Ag
X A5 14177 As
Configurations ¥ ] 137 A7
The #PD421000, uPD421001, and uPD421002 (figures 2, =4 oy
3, and 4) consist of memory cell arrays, input and VeeTl9 107 As
output buffers, clock generators, refresh address
counters, and row and column decoders. -
The basic layout of the chips is shown in figure 5. As 26/20-Pin Plastic SOJ
can be seen from the diagram, the whole memory cell onct 7= ano
array is divided into 16 smaller 64-Kilobitarrays thatare L:E 2 2 Snour
accessed separately. FAS 3 24| 1 A [or T5)
NC (]4 23 INC
Memory Cell Structure Ncs 22[7Ag
Dynamic RAMs generaily feature one-transistor
memory cells, which require only about one-fourth of the
area used by four-transistor and six-transistor (flip- P I 181 Ag
flop) memory cells in static RAMs. Aithough a one- A1) 10 17{34a7
transistor cell provides a big advantage in reducing A2l 11 187 As
chip size, data must be rewritten (refreshed) at regular Az(12 15 As
intervals for proper data storage on the memory cell Vee ] 13 14T A
capacitor. A cross-sectional view of the trench-type,
one-transistor memory cell used in the uPD421000-
series DRAMs is shown in figure 6. 20-Pin Plastic ZIP
This trench design uses three-dimensional rather than A 1 T\ _
planar capacitors, thereby achieving a larger capaci- pout 3 |-} . : Z:snl‘"cs]
tance in a smaller surface area than in conventional L] o ¢ WE
circuits. The capacitance of this type of cell is deter- LI i P
mined by total trench area, the dielectric constant, and NG 917k 110 NG
the thickness of the insulating film. To reduce soft A0 TELE Lo At
errors caused by a-particles, an effective capacitance e |14 A3
in excess of 50 femtofarads (fF) is used in the Vii :: Ll 1e A
#PD421000, uPD421001, and uPD421002. & 0] 1] 18 %
(] ; 20 As
83-0044738
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Table 1. 1,048,576 x 1-Bit DRAM Family

RAS Access R/W Cycle Operaling Standby High-Speed

Device Time (max} Time (min) (:urrgm (max) Current {max) Made Packages
1PD421000-80 80ns 160 ns 70 mA 1mA . Fast Page C = 18-pin plastic DIP

A0 100 ns 190 ns g0mA - 1mA" V = 20-pin plastic ZIP

12 2018 29018 50 mA TmA LA =26/20-pin plastic SOJ
4PD421001-80 80ns 160 ns 70 mA 1mA | Nibble

10 100 ns 190 ns 60 mA 1mA

12 120 ns 220 ns ’ 50 mA 1mA
1PD421002-80 80ns 160 ns 70mA 1mA Static Column

10 100 ns 190 ns 60 mA 1mA

12 120 ns 220 ns S0 mA 1mA

Figure 2. PD421000 Block Diagram
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Flgure 3. 1PD421001 Block Diagram

RAS’ RAS Clock
Generater
I CAS Clock .
Qenerator
CAS T [~ WE Clack
CAS belore RAS. Qenerator
WE —;
ofreq
°'f°" Data 10 Bus Dutain o
Refresh Column Decader % g
Address [
Counter Senss Amplifier £
M Pt P 5 -] Data-out
FL Buiter — Dour
l j > +
K] ¥
i : i
JYTRLTAN | 3 2 M A
= lemory Array
M
830002388
- : '
Figure 4. uPD421002 Block Diagram : :3 \
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Figure 5. Chip Layout of uPD421000-Series DRAMs

| Word Line Decoders J
RD RD{RD RD| RD RD|RD RD|RD RD | RD RDIRD AD|RD RD :
2 . ]
£ 5 E F x5 E E: 5 5 g
HINE 5 H H g 3 3 HIRE
@ = o«
FlE|E HENLHRNE N : £
Y o) Y > ™ > > EJ > 3 o=
HHHEHHHHHEHHEHHEHEHHEHRE
g|é < |@l<|<{g (gl |< @] |{<[d|<|2|8|=|<|8]|%
slsizlelsieleisieleisleislslele|s (2l iEle(2lsle
S|8jic|s|8jes|lc|8lc|s|g|sjcg|8|s|cs|8lce|c|a|lcls|B8]S .
2 l=(81E|6(g|5!5(8!5[5|clE|5|c|E|E|c/5|E(g|515!8|51[x!l3
E {(al8|2|2|812|2 8lz(2|58]|=1=[g|2|2|&8|212|8(=|2|5(=|l2]||8
HiH e e A -
3813 ¢ E £ g £ £ £ g ]
g2l |3 3 2 3 3 2 3 HEIK
3 8 8 8 8 8 8 8 8
o
Read/Write Clrcuitry
Notes:
[1] The memory Is divided Into sixteen 64-kbit memory cell arrays.
(2] RD = row decoder/word driver.
83-0044038
Figure 6. Cross Sectlon of 1-Transistor Memory Cell .-
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Read/Write Operation

In dynamic RAMSs, changes in bit line potential caused
by the minute charging and discharging of memory
cells are amplified by a sense amplifier to be read as
either 1 or 0. Memory cell and sense amplifier equiva-
lent circuits are shown in figure 7.

Toread the data from storage cell Cg44, the row address
selects word line WL, and data from memory cells
Csi1, Cs21, + « . » Cgnt connected to WL is passed to
bit lines BL4, BLg, . . . , BL,. These data signals are
passed to the sense amplifiers, where they first
are compared with data from dummy cells Cpqi,

7=H-23-03
memory cells, and then amplified. At the same time,
the original data is rewritten to memory cells Csq1,
Cs21, - . ., Csp1. Switch Yy is then selected by the
column address, and the Cgq1 data on the BL line is
passed via the I/0 bus and a data amplifier to external
circuits, ) .

Write and read operations are identical, up to ampli-
fication and rewriting of memory cell data selected by a
row address. After being passed to the bit line selected
by the column address, write data is written into a
target memory cell (such as Cg41). Since the number of
memory cells selected by one row address in the
devices is 2048, 2048 memory cells are refreshed

Cpzt - « -, Cont, connected simultaneously with the  gimuitaneously in each memory or refresh cycle.
Figure 7. Memory Cell and Sense Amplifier Equivalent Clrcuits
Internal
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Pin Functions

RAS and CAS [or CS] The uPD421000-series DRAMs
include two chip activator inputs: RAS and CAS
(or CS), row address strobe and column address
strobe (or chip select). In addition to reading row
addresses Ag through Ag, selecting the relevant word
line, and activating the sense amplifiers for read and
write operation, the RAS input also refreshes the 2048
bits selected by row addresses Ag through Ag. The
CAS input latches in ¢olumn addresses (on the
©PD421000 and the uPD421001) and connects the
chip's internal 1/0 bus to the sense amplifiers activated
by the RAS clock, thereby exscuting data input or
output operations.

Ag through Ag. Selection of an individual cell from the
1,048,676-word x 1-bit memory cell array requires a
20-bit address input. The three devices all feature an
address multiplexing method in which an address is
divided into two parts, the lower 10 bits (row address)
and the upper 10 bits (column address).

The row address is latched into memory at the falling
edge of the RAS clock. After an internal timing delay,
the column address input circuits become active.
Flow-through latches (voltage-level activated, not
edge-triggered) for column addresses are enabled on
the uPD421000 or uPD421001, and the column
addresses immediately begin propagating through the
latches to the column decoders. A column address is
held in the latches by the falling edge of CAS. For read
cycles on the uPD421002, the column address input
circuitry is not controlled by CS, and column addresses
must be held valid until data is read out.

Setup times (tagg and tasc) and hold times (tran and
tcaw) for address inputs are defined in relationship to
the falling edges of RAS and CAS (CS or WE for write
cycles on the uPD421002). In actual operatlon arow
address is specified before the BAS input is activated;
once the address bus switches to column addresses,
CAS (or CS) is activated.

WE [Write Enable], Read and write cycles are executed
by activating the RAS and CAS (or CS) inputs _and
controllingWE. An early write cyclelis executed ifWEis
activated before the falling edge of CAS (or CS) during
awrite cycle, and a late write (read-modify-write) cycle
is executed if the WE input is activated later.

6-282

T-%-23-03
Read and Write Cycles

Read cycles are executed by activating RAS and CAS
(or CS) with the WE input at a high level (inactive). The
RAS access time of trac is valid if the delay from RAS to
CAS (or CS) is less than trcp (max), and the delay from
RAS to the column address is less than tgap (max). The
CAS (or CS) access time of tgac is valid if the delay
from BAS to CAS (or CS) is greater than trop (max),
and the delay from the column address to CAS (or CS)
is greater than tasc (max). The address access time of
taalsvalid ifthe delay from RAS to the column address
is greater than tpap (max), and the delay from the
column address to CAS (or CS) is less than tagg (max).
Output data is held valid until CAS (or CS) becomes
inactive again (figure 8).

Write cycles are executed by actwatlng the RAS, CAS
(or CS), and WE /E inputs. Write data is latched by the
falling edge of CAS (or CS) or WE, whichever occurs
later.

A WE input applied before the TAS (or CS) input
initiates an early write cycle, whereby write data is
latched by the falling edge of CAS (or CS).

Conversely, a WE input applied after the CAS {or GS)
Input initiates a late write cycle (read-modify-write
cycle), whereby write data is latched into the chip by
the falling edge of WE. The status of Doyt is not
guaranteed in this case, but depends on the timing of
WE with respect to RAS and CAS (or CS) IfWE is acti-
vated at least towp after the CAS (or CS) input, and at
least tnwo after the RAS input, write operation is
enabled in the same memory cycle during which the
read data is valid.

Refresh Cycles

The process of rewriting data held in a memory cell,
refreshing, is performed by a sense amplifier in the
uPDA421000-series DRAMSs. The_three devices_are
capable of executing the same RAS-only and CAS
(or CS)-before-RAS refresh cycles as are executed in
other conventional, general-purpose DRAMs. All 512
rows of memory cells must be refreshed within any
8-ms period.

Since in image memory applications, row addresses
Ag through Ag are read or written sequentially within
8 ms, the accessing itself initiates refreshing and no
additional refresh cycles are required.
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Figure 8.

Access Timing
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(1] In a read-madify-write cycle, cycle time is defined as taRwc = tRwD + trwL + 3 tT + P,
(2} Timing tcaH applles to the zPD421000 and the sPD421001.
(3] Timing tAH applies to the uPD421002.
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RAS-Only Refresh Cycle. RAS- -only refreshing is
executed simply by leaving the C CAS (or CS) input
inactive (high level) during a RAS clock cycle. This
cycle uses the 512 lower addresses specified by row
addresses Ag through Ag to ensure that all memory cell
bits are refreshed. Hence, 2048 bits of memory are
refreshed in a single cycle (figure 9).

TAS [or CS]-Before-RAS Refresh Cycle. This type of
refreshing is executed using the addresses generated
by the chip's internal address counter when CAS
(or CS) is activated (low level) in advance of the RAS
input (figure 10).

Figure 9. RAS-Only Refresh Cycle .

[=Yb-23-03 -
Even in systems without an address output from the
microprocessor, no additional external address counter
or refresh address selector is required. CAS (or CS)-
before-RAS refreshing allows refreshing to be
accomplished with a minimum of peripheral circuits
(figure 11).

High-Speed Access Cycles

In addition to being capable of standard access, the
uPD421000 is equipped with fast-page access, the
uPD421001 with nibble access, and the uPD421002 with
static-column access (table 2).

5
o

As / N

tRAS

tcrp —| lo- !- tRPC
wwws /[ /[ /[ [/ XLLLLLS
tasr [
/ R
wn /[ [/ /] Asr:ressmoneW////////////////// .
High Impedance
Dout
Note:
(1] Row address Ag Is not necessary for refrashing, but the tasg and tRAH
specificatlons must be satistied just as for other addresses.
83-0044728

Figure 10. CAS (or CS)-Before-RAS Refresh Cycle
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Figure 11. Address Mulliplexing
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| 1=

Column Addresses Ag-Ag B

Select

Row and Column Address I

Switching Signat

Multiptexed
Address inputs
Ag-Ag

Multipiexed
Address inputs
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£3-0044138
Table 2, Major Characteristics of Fast-Page, Nibble, and Static-Column Modes
Davice Access Time {max)  Cycle Tima (min} Internal Address Usage High-Speed Access
uP0421000-80 45ns 50 ns Row: Page sglgaction Random access on one page
0 50ns 50 ns g:lgm ;ggw:dual cell access selected by Ag through Ag
12 60 ns 70 ns .
uPD421001-80 20 ns 40ns Row, Column; Ag inputs set Serial access (4 bits maximum)
0 % 1 45 ns lst:gagnagc:;t;asuon for nibble-
12 30 ns 55ns
4PD421002-80 45ns 50 ns Row: Row sglgction Random access on one row
10 50 ns 60 ns gglglnnr: oI‘r':dlwdual cell access selected by Ag through Ag
12 60 ns 70ns
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Fast-Page Mode. Fast-page mode makes it possibleto 1998 continuous accesses can be executed on the
randomly access data in the same row address (figures  80-ns version before the maximum interval for tgagp
12 and 13). The 1024 bits of memory are obtained from (100 us) is reached.
the combinations of column address inputs Ag through

o ] The tpc cycle time for random fast-page read or write
Ag within one row address in the uPD421000. Up to cycles is equivalent to tgag + tap + 2tr.

Figure 12. Memory Cell/Sense Amplitier Block of the uPD421000

1024-Bit Page Selected

by Row Addresses Ag through Ag Column Address Decoder Output
I A \ Memory Cell Data Access
Page Page Page Page Page Page  onihe Same Page (0 through 1023]
[} 1 2 3 1022 1023 ——

N

\\// \//

o1 |0t |01 [
Ot [Of [OF | O
of (ot [0 [
ot [of [O1 |
o |0t [0t [
ot [of O [

Y

, These are connected
to the internal 1/0 bus

O O O . Legend:
O LO > Sense Amplifter

Switch

HO
‘(5 *é 'é ’ O . Memory Cell

83-0044148

VM NV

6-286



N E € ELECTRONICS INC 38E D WE b427525 0032038 7 MENECE

NEG 1PD421000-SERIES DRAMs
T- Y- 23-03

Figure 13. Fast-Page Timing
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Nibble Mode. {n nibble-mode cycles, the first data
location is specified by row and column addresses Ag
through Ag during a read or write cycle (table 2 and

figures 14 and 15). When the uPD421001 Internally

Figure 14.

Nibble-Mode Block Diagram and Example of Access Sequence

T-96-23-03

sequences the two highest-order addresses (Ag) dur-
ing the next CAS clock cycle, read and write cycles can
be executed in less time than in fast-page operation,

Row Add A9

262144
Memory Cells
(612 x 512)

262,144
Memory Cells
[512 x 512]

262,144
Mentory Cells
(512 x 512]

262,144
Memory Cells
(s12x 512]

g 4§ U

| patarach | patatach | patatateh | patataten |

Column Address Ag
1 | vsr'tll — — —+H|
Data [nput/Output
TAS __,| Nibbl Xa ¥y ’ ’ ’
e -
Clock Decod: X9, Yo -
X9, Y9
Nlukle Raw Address Cefa=n Address
Sequncse 8n M3 Mshhshshhha M Ay & MMNAAMGENLMNY ammezt
PASICAS 1 9 101610101 ¢ 101010103 External address
CAS Cycling 2 1 1414 0101 0 101010101
CAS Cycling 3 0 1010 ¢t01 01 1 101010101 Internal address
CAS Cyching 4 1 1610106101 1 1010101081
CAS Cycling 1 0 190 1t0 101601 O 101010101 Repeated sequence
Notes:
{1] X9 = Row address Ag
{2] Yg = Column address Ag
830044168
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Figure 15. Nibble-Mode Timing
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For the 80-ns version, the average cycle time per bitin
nibble mode is 70 ns, when 4 bits are accessed during a

fong tras cycle (figure 16). By using multiple uPD421001

Flgure 16. Average Data Rate in Nibble Access

36E D WM bu427525 0032041 7 EMNECE

NEC

T=Y6-2303
devices, high-speed cache and frame buffer applica-
tions are possible (figure 17).

(1) Minimum tac (ns] in nibble mode:

=80+40x2+10+20+70+20
=280 ns (for 4 bits]

=1CSH +INC X 2 + INP + INRRSH of INWRSH + tRP +tT x4

- tac
IDAQ
Y 4 )
AAS N /
A Y,
[a—————— A C§H —— N iNC INRRSH RP———s]
tcrp tRCD fcas iNnp iNAS NP INAS*] [+ INP +-tNAS
4 y 4
CAS /
N A
[—tceN
Notes:

83-0044188
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Figure 17. Hligh-Speed Data Access Using Nibble Mode
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Static-Column Mode, Row and column addresses are
functionally equivalent in static-column and fast-page
access. The available number of continuous accesses
on one row, and the cycle timing, are also similar to
fast-page operation.

Figure 18. Static-Column Timing

In a static-column device, there are no setup or hold
timing requirements for read addresses; CS may be
held low continuously in the ON-state. To allow this
feature, the column addresses must be maintained as
valid inputs for the duration of each cycle. There are
few other restrictions on timing (figure 18).
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Precautions

Precautions when using the uPD421000, uPD421001,
4#PDA421002, and other DRAMs should be carefully
observed in the areas listed below:

e Power-on and initialization -
¢ Supply voltage fluctuations caused by peak currents

¢ Relationships between address/data inputs and
drivers

o RAS and CAS (or CS) generation

Power-On and Initialization. Dynamic RAMs operate
by the charging and discharging of gate and internal
circuit capacitances. Therefore, dummy RAS clock
cycles must be executed to charge internal potentials
tothe prescribed levels when power is applied. Dummy
RAS cycles are also necessary when there has been no
accessing (reading, writing, or refreshing) for periods
longer than the refresh interval (figure 19).

To control transistor threshold voltages and decrease
internal stray capacitance, DRAMs are usually
equipped with a substrate voltage generator circuit
to supply the chip's interior with negative voltage.
Approximately 100 us is required to generate an
adequate negative voltage level after power is applied
and Vgg=4.5 V.

When the power is switched on, a peak current
dependent on the levels of RAS, CAS (or CS), and
WE is reached during the rising of Vgg. This peak
current—maximum when RAS and CAS (or CS) are
active and WE is inactive—can be minimized by using
clock Input pullups on RAS and CAS (or CS) so that
their rise times correspond to the rise time of the
powsr supply.

Supply Voltage Fluctuations. Since 1 and 0 logic
(storage) operations are executed by the charging and
discharging of capacitances, including the memory
cells, the peak current generated is dependent on
charge and discharge timing.

This peak current is concentrated just after RAS and
CAS (or CS) transition intervals (figure 20) with a peak
value of about 120 mA. Since this current is a source of
noise (voltage drop) in the memory system supply
voltage, decoupling by multilayer ceramic capacitors
with excellent frequency response is necessary. If the
average of the 120-mA peak current pulse lasts about
100 s, the capacitance required to keep the drop in the

supply voltage line at about 0.1 V will be calcutated
as follows: - .

c= 120 (mA) x 100 (ns)
0.1 (V)

= 120 x 108 pF
=012 4F

Therefore, when designing the memory board, keep
the powerand ground leads as short as possible for low
inductance. Decoupling capacitors of about 0.2 uF
must be inserted between the power supply lines for
each memory device. With careful board layout, the
use of fewer but larger capacitors is possible. Capaci-
tors used in one of every two memory device locations,
with a value of perhaps 0.33 uF, can provide satisfac-
tory decoupling in many cases. .

Figure 19. Dummy Cycles after Power Is Applied

45V Dummy Cycles

vec Memory —»
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Pause time, longer | Any RAS cycle, 8times | AlloWed
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S/ 1111 11
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Figure 20, Operating Current Waveform
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Address/Data Inputs and Drivers. Probably the most
Important consideration in DRAM timing is the rela-
tionship between address/data inputs and the external
drivers. In address-multiplexed DRAMSs such as the
uPD421000, uPD421001, and uPD421002 (where row
and column addresses are supplied as two sets of
inputs), addresses supplied externally have to be
switched by a mulitiplexer.

The sequence of this timing must be designed very
carefully. A timing sequence starts with the setting of
row addresses. Next, RAS falls. After the specified hold
time for row addresses is met, the addresses_are
switched to set up column address input. Once CAS
(or CS) falls, the specified hold time for column
addresses must be satisfied.

When CAS (or CS) is activated within the time specified
for trgp (max), the setup time for column addresses is
mors difficult to guarantee than when tpep is longer
than tggp (max), because one external address driver
has-to drive more than one address pin in an array
of DRAMSs, The address multiplexer's delay time is
increased by load capacitances larger than the typical
value.

For illustration, measurements of output delay times
for certain drive load capacitances are shown in figure
21,

In the design of high-density memory boards having
a large number of memory devices, partmonmg of
drivers becomes necessary because of wiring and
through-hole capacitances. Special care must be taken
to ensure that the setup and hold times for addresses
conform with the specifications, Otherwise, invalid or
undefined addresses may be latched into the chip. and
data may be destroyed even If nothing is written.

RAS and CAS {or CS] Generation. In addition to
reading the address inputs, RAS and CAS (or CS) also
generate the basic timing for all DRAM circuit opera-
tions. The internal timing generators are connected in
dalsy-chain fashion, and are completely controlled by
the basic RAS and CAS (or CS) inputs. Because of this
control, the memory system design must prevent noise
glitches from being generated in the RAS and CAS
(or CS) inputs.

RAS and CAS (or CS) timing is specified in terms of
minimum values. High- or low-leve! pulses that do not
satisfy these minimum values can result in incorrect
output data (because there Is insufficient time for
sense amplifier operation), and can also lead to
destruction of write data. Therefors, the prevention of
noise glitches must be carefully considered in logic
and circuit design.

6-294

Figure 21. Effect of Load Capacitance on TTL

(7404) Output
Delay and Transitlon Times
Time [ns]

Parameter CL=10pF Ci. = 110 pF CL =210 pF
tpLH 9 16.5 28
ipHL 8.5 125 17
Ui 3.2 78 15
{F 1.5 3.8 5.5

Notes:
{1] tPLH, tPHL are defined as the delay time from VIN = 1.5 V to VouT
4Vord8V.

(2] tr and tF are defined as the transition time belween VOH [min} and

VoL [max].
(3] Load 1t CL Includes the osclll! pé input
CL=10pF
\ / 4V
Input A 2v
. ov
’\\ / av
Qutput \ , 2y
X ov
10ns/dlv
CL =210 pF
\ 4V
Input A 2v
oV
‘\ —— v
\ R
Output \ 2v
74
oV
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V40™ MICROPROCESSOR APPLICATION
Features

The uPD70208 (also known as V40) is a high-perfor-
mance 8-bit CMOS microprocessor featuting 16-bit
architecture in the CPU, and including a number
of other peripheral devices within the same chip. The
CPU is equipped with a powerful set of instructions that
cover bit processing and multiple-length, packed-BCD
operations, high-speed multiplications and divisions,
and variable-length bit and field manipulations,

This device combines high-speed processing with
flexibility in a variety of applications. The on-chip
peripherals include a clock generator with a timer/
counter and programmable wait control, refresh con-
trol, serial control, interrupt control, and DMA contro!
units. [n addition to allowing more compact micro-
computer systems, the V40 has a simplified system
design.

When connected to the uPD421000-series DRAMs, the
V40 does not require an external refresh timer or
other peripherals, which means a big reduction in the
number of external devices required.

Memory Mapping

In the V40, memories of up to 1 megaword can be
accessed using address information (A1g through Ag)
output from the 20-bit address bus (figure 22).

The first 1024 bytes, 0 through 3FFH, are allocated to
interrupt vectors (although areas that cannot be used
by the system can be used elsewhere). Addresses
FFFFOH through FFFFBH are used for starting and
resetting purposes; FFFFCH through FFFFFH are
reserved for future use and cannot be used here, The
remaining address space, 400H through FFFEFH, is
not allocated and may be used as desired.

As shown in figure 23, with a data bus width of 8 bits
in the V40, CPU connections to the memory require
only that the 20-bit address output from the CPU be
accepted in the 1-megabyte address space. Byte data
isaccessed in one bus cycle, and word data is accessed
in two bus cycles.

V40 is a trademark of NEC Corporation.

Because of this simple connection requirement, it is
only necessary to allocate the system control ROM to
addresses of at least FFFFOH and disable the ROM-area
RAM (since 1 megabyte is already taken up by eight
1-megabit DRAMSs). The method used may involve
either deselecting the ROM-area RAM by a decoder, or
executing bank switching to use the entire area as RAM
area. The example included for this application shows
the former method because it is simpler.

Figure 22, V40 Memory Mapping

OH
IFFH Interrupt Vector Table
400H
General Use
FFFEFH
FFFFOH
FFFFBH Reset Use
FFFFCH Reserved Area
FFFFFH

*+———1 Byte ———»

83-004424A
Figure 23. V40 Memory Interface
Y Address Bus  [20] [§
A19-Ag
1-Mbyte
Memory
07-Dg
) Data Bus [8] [
83-004425A
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Hardware Configuration

Since refresh addresses and the timing control outputs
can be supported by programming on-chip circuits,
the generation of RAS and CAS (or CS) timing Is the
only major DRAM support not provided directly by the
V40 (figure 24),

Memory Access Timing Generation

Although V40 memory access timing can be generated
from either the bus status or MWR/MRD, the uPD71088
system bus controller is used in this application
example to enable connections to slightly slower-
speed memories. The RAS and CAS (or CS) signalsare
thus generated by decoding the bus status.

7-%4-23-03 —

The RAS and CAS (or CS) generator is shown in figure
25, and the operation timing in figure 26. To generate
the control timing with this system controller, bus
status signal 882 is sampled by the CPU clock output
(#ouT) at the rising edge of the Ty cycle, and RAS is
generated from FF2 at the falling edge of ¢oyr at the
end of T1. The multiplex control signal (MPX) used in
address switching during memory cycles is generated
by RAS. After RAS is generated, it is delayed by the
rising edge of the external 16-MHz clock to create MPX,
which is then passed to the data selector input.

As can be seen from figure 26, memory access time
isequaito 2/f(pouyt) — (tspk + TTL delay time). Even if
an external clock of 16 MHz is used, a -12 device is
sufficient (RAS access time in the -12 device is 120 ns).

Figure 24, Hardware Conflguration for the Use of 1M DRAMs
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Figure 25. RAS and CAS (or CS) Timing Generator
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Figure 26. RAS and CAS (or CS) Timing Sequence
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Refresh Timing Generation Figure 27. Programming of Refresh Control Register

Refreshing for the uPD421000, uPD421001, and ) i
#PD421002 is executed by selecting 512 lines in 8 ms. MOV AW, 0000 Recl
In the V40, memory refreshing can be handled easily P
by outputting the REFRQ control signal and the Ag . t Refresh Timer Period 14 us
through Ag refresh addresses. These signals are con- Refrech
trolled by programming the refresh control register
(RFC), allocated to I/0 address FFF2H (figure 27). MOV DW, FFF2H .oovveviee. RFC Address
’ OUT [DW], AW ............ Refresh Interval, Refresh Enable Set
[1/0 Write)
7 [} 5 4 3 2 1 0
. {Re | =T =T RTM | rFc
RE [Refresh Enable} RTM [Refresh Timer]
RE Function RTM N[Timer Factor]
0 Disable 00000 17
1 Enable 00001 18
00010 19
00011 20
00100 5
00101 8
11110 |. 3
11111 32
Refresh Interval [1s] = 8 x N x Clock Cycle Time [us]
83-005238A
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This function generates the REFRQ control signal in
accordance with the programmed interval. In this
application example, REFRQ is used to disable genera-
tion of the CAS (or C ©CS) clock during refresh cycles,
thereby initiating RAS-only refreshing. Figures 28 and
29 show how to generate memory addresses and how
to control data input and_output by using control
signals generated by the RAS and CAS (or CS) timing
generator. Figure 30 shows the timing for V40-
generated refresh addresses.

The programmed values for the control register appear
in figure 27 (also refer to the ,uPD70208/,uPD70216
User's Manual).

Authorization for the uPD70208/uPD70216 refresh con-
trol unit to use the memory bus can be set either to top
priority or lowest priority, depending on the hold status
of the refresh request. Top priority is set if seven refresh
requests are being held, and refreshing is executed
consecutively until the number of requests is reduced
to three,

Although a wait interval of maximum duration (three
clocks) is inserted by the built-in wait control unit, if a
reset input is applied after power is applied, no wait
interval need be inserted in actual applications. There-
fore, the wait control register has to be reset when the
V40 is used at 8 MHz.

Wait control registers WCY2 (FFF6H), WCY1 (FFF5H),
and WMB (FFF4H) write program data at these 1/0
addresses using an 1/0 write instruction (figure 31).

6-300
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Figure 28. Memory Access Generation
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Figure 30. Refresh Timing Cycle
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Dummy Cycles

As explained previously, dummy cycles are required to
charge certain internal voltage potentials to proper
operating levels in the DRAM's internal circuits after
power has been applied.

In the following application example, these dummy
cycles are implemented by executing eight write
(or read) cycles, from 0000H to 00007H, in the
memory .

Mov AL,0000H
LOOP: MOV (BL),0000H
INC AL )
CMP AL,00007H
JNZ LOOP

Figure 31. Register Programming

T-Ho-23-03 -
Composite Schematic )

Figure 32 shows the complete schematic. The V40 and
1M CMOS DRAMSs are included, as well as circuits to
control timing and refreshing.

WCY1 [Walt Cycle Register 1] .., . /O Address FFF5H
7 6 5 4 3 2 1 0
| iow | umw | mmw | imw | wevt

10W /O Wait}

UMW [Upper Memory Block Wait}
MMW [Middle Memary Block Walt]
LMW [Laower Memory Block Walt)

10W/UMW/MMW/LMW | Number of Walt States
00 0 [No Wait}
01 1
10 2
1 3

WMB [Wait Memory Boundary Reglster] . ... /O Address FFF4y

7 6 5 4 3 2 1 o
[T T ws ] ] uvs  Jwms
LMB [Lower Memory Block]
UMB [Upper Memary Block]
LMB/UMB | Memory Block Size
gao 32KB
001 84KB
010 S6KB
o 128KB
100 192KB
101 256KB
110 384KB
111 512KB

WCY2 [Wait Cycle Register 2] .... /O Address FFF6H
7 6 5 4 3 2 1 0
[=T=T=T-=Tomaw [ rrw |wcy2

DMAW [DMA Wait}
RFW  [Refresh Walt]
DMAW/RFW | Number of Walt States
00 0
01
10
11

1
2
3

830052598
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Figure 32, Composite Schematic
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