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Figure 1. ADSP-3128A Multiport Register File Functional Block Diagram
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The ADSP-3128MA i <o

Agarable via o conirol pia as sithes o

128 16 register file or a 6432 register file. In the Slngle-
Precision 128X 16 configuration, the ADSP-3128A is best suited
for fixed-point and single-precision (32-bit) floating-point data
storage. For single-precision floating-point, two register files
should be used “horizontally” yielding 128 words of 32-bit
storage. The 64x32 Double-Precision configuration is intended
for double-precision (64-bit) floating-point, again with two regis-
ter files in a horizontal architecture. In this Double-Precision
mode, the register files will each transfer 16-bits in each phase
of the clock, 32-bits of data per port in a one-cycle write or read
operation. Microcode need only be applied to the register file at
the system’s 1Xclock rate.

To accommodate critical system timing requirements, the
ADSP-3128A offers a variety of latching modes on both data
and address ports. The prioritized write data ports have control
lines that define the input data latching mode for Single-
Precision as (a) latched on clock HI, (b) transparent or (c) regis-
tered on the clock’s falling edge. However loaded, data can also
be held at the input latches for subsequent cycles.

In Single-Precision mode, the Multiport Register File’s five ports
allow five 16-bit data transfer operations per cycle. The input
and output latches transfer data to and from the ADSP-3128A’s
RAM using 16-bit internal buses. The bidirectional Edata-Port

can be directly controlled to either write or read. Normal opggaé;é
tion allows up to three 16-bit writes in clock HI andithige 1&@@&
reads in clock LO per cycle. Reglster-to-:ewtei ransfers are :

made via the bidirectional Edata-Port {Mhacmcaig,,bé actom-

plished in two sequential clock phases ’@y following a 1 read s ith
a write). See the Applications Note, “Regnster-ig»Regzslﬁr« s |/

Transfers with the ADSP-3128A.” =

In Double-Precision mode, the Multiport Register Flle s five po%
allow five 32-bit data transfer operations per cycle for a total ‘%
bandwidth of 160 bits per cycle. The input and output latches
transfer data to and from the RAM via 32-bit internal buses.

The input data latching modes allow either an early input or a
late input mode. With early input, the Y_Word (Y_W) is pre-
sented to the input data latches in clock HI and the X_Word
(X_W) in clock LO. With late input, the Y_Word is presented
to the input latches in clock LO and the X_Word in clock HI of
the next cycle. For data transfers with a slower system bus, the
Edata-Port allows both input and output values to be transferred
more slowly than the ADSP-3128A’s clock rate (Edata Slow
Input and Edata Slow Read). Register-to-register transfers are
made via the bidirectional Edata-Port.

Each write data port of the ADSP-3128A has an independent
write-inhibit control that disables the write operation that nor-
mally occurs during clock HI. Write-inhibit allows cancelling a
write based on an external condition.

The read data ports have control lines that define the output
data latching mode for Single-Precision as (a) registered on the
clock’s rising edge or (b) transparent. In Double-Precision
mode, the output data latching modes allow either an early read
or a late read. With early read, the Y_Word can be output in
clock LO and the X_Word in clock HI of the next cycle. With
late read, the Y_Word can be output in clock HI and the
X_Word in clock LO of the same cycle. Each read data port has
an independent tristate control that allows putting that output
port into a high impedance state.

T Temrednen correne

he werlte pmorts

can be mutually deﬁned 1o latch addrCSSes in one of two ways.
Fither (a) write addresses are latched to the address latches on
clock HI, or (b) the address latches are transparent. The 7-bit
read address latches can be mutually defined to latch addresses in
one of two different ways. Either (a) read addresses are regis-
tered to the address latches on the clock’s rising edge, or (b) the
address latches are transparent. In Double-Precision mode, there
are half as many words that are twice as wide. For Double-
Precision addressing, the (unneeded) highest order address bits
function as Port Select lines. Port Select (the most significant
address bit) enables or disables individual ports consistent with
their pipelines.

Bank Select enables or disables an entire ADSP-3128A consis-
tent with all read and write pipelines. Bank Select and Port
Select allow the user to expand register file storage “vertically”
for more than 128 single-precision or 64 double-precision data
words.

The ADSP-3128A is fabricated in double-metal 1.0pm CMOS.
Each chip consumes sngmﬁcantly léss power than comparable
bipolar solutions. o B

The ADSP-3128A i

ilzi‘ for both commercial and extended
rangg . Extended temperature range parts are avail-
ble &ocse&ed fully to MIL-STD-883, Class B. The ADSP-

. 31&‘\‘% packaged in a’feramic 145-lead pin grid array.
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ADSP-3128A

ADSP-3128A MULTIPORT REGISTER FILE FUNCTIONAL DESCRIPTION

PIN LIST (POSITIVE TRUE LOGIC CONVENTION) The ADSP-3128A Multiport Register File consists of a high
speed static RAM (configurable as either 128X 16 or 64X 32) sur-

Pin Name Description rounded by the latches and control logic needed for simple sys-

DATA PORTS tem interfacing (see Figure 1). Six internal data paths, all 32-bits

wide, connect this RAM with multiplexers (muxes) and latches.
Three are read data paths; three are write data paths. Three 7-
bit internal address paths connect this RAM with muxes and
Cdata,s o Read Cdata-Port Output Data address latches. These three address paths are internally time-

Ddatays R.ea.d Dfiata-Pon Output Data multiplexed to allow the presentation of six addresses to the
Edata,s_o Bidirectional Edata-Port Input and Output Data RAM per cycle

Adata;s Write Adata-Port Input Data
Bdata,s_, Write Bdata-Port Input Data

ADDRESS PORTS . Three addresses are presented to RAM in clock HI from the
Aadr, Address Port for Adata-Port Wr.nes Aadr, Badr and Eadr address latches. These are RAM write
Badr, o Address Port for Bdata-Port Writes addresses. They are prioritized in case of conflict. Three
Cadre o Address Port for Cdata-Port Reads addresses are presented to RAM in clock LO from the Cadr,
Dadr, o Address Port for Ddata-Port Re;'ads Dadr and Eadr address latches. These are RAM read addresses.
Eadre , Address Por.t for Edata-‘Port Writes and Reads Three simultaneous reads, even from the same RAM location,
and for Register-to-Register Transfers are possible for clock, LG reads. The Eadr-Port feeds both a
GENERAL CONTROLS write (clock H;}”ﬁ@ire&latch and a read (clock LO) address
BS Bank Select (registered or asynchronous, latchg;; which» caﬁ 3b&;md&endemjy set to latched or transparent
depending on address port Latches) '’y rmées, 4
DP Double-Precision Mode (reglstered) . %tes to the %M,@ccn rin clock HI when Awinh and/or
ADDRESS LATCH CONTROLS L meh aﬁd&or §3 Lare LO. Note that data writen in clock HI
Wadtrn Write Address Latch Tﬁn@am} (rmr“ed) &a@@le })éo%é réad 1n the same clock cycle.
Radtrn Read Address Lat&y%‘r@smeﬁf freglstereda % DP control determines whether the Register File is in
DATA INPUT AND WRITE CON TROLS . . B Double-P:emsmn mode (HI) or Single-Precision mode (L.O). In
ABIlt, ABht  Input Latch Controls for Bo@ A@ia-l’m and . Smg-P&cﬁmn mode, all data paths between RAM and data
Bdata-Port (registered) " latc] beflavﬁ as if they were 16 bits. The data latches also
Elt, Eht Input Latch Controls for Edata-Port (rcglsmed} “¥Hehave like 16-bit latches. The register file is organized 128x 16
Awinh Inhibit Write to RAM from Adata-Port Inpug: in Single-Precision mode, and each location is addressed with
Latches (asynchronous) seven bits, DP can be changed dynamically, consistent with
Bwinh Inhibit Write to RAM from Bdata-Port Input the constraints imposed in the timing diagrams (Figures 4
Latches (asynchronous) through 13).
Ewinh Inhibit Write to RAM from Edata-Port Input In Double-Precision mode, the Register File is organized
Latches (asynchronous) 64x32, and each location is addressed with six bits. In Double-
DATA READ AND OUTPUT CONTROLS Precision mode, all data paths between RAM and data latches
CDtran Output Latch Controls (Make Transparent) for are 32 bits, as are the data latches. Writes (32-bit) to the RAM
Both Cdata-Port and Ddata-Port (registered) occur in clock HI and reads (32 bit) from the RAM occur in
Etran Output Latch Controls (Make Transparent) for clock LO. Multiplexers between the latches and the 16-bit data
Edata-Port (registered) ports alternately select Y_Word and X_Word. Note that when
Rfltran Clock-On-Rising/Falling Select for Slow Inputs ADSP-3128A Register Files are configured in horizontal pairs
in Double-Precision Mode (registered) for Double-Precision operation, the Y_Words from the pair will
Eio Edata-Port Slow Read Control in make up half the external 64-bit double-precision word and the
Double-Precision Mode (registered) X_Words the other half. See Figures 14 and 15.
Crri Cdata-Port Three-State Control (asynchronous) In Single-Precision mode, the input latches can be configured to
Duri Ddata-Port Three-State Contro! (asynchronous) latch input data at clock HI, register input data on the falling
Euri Edata-Port Three-State Control (asynchronous) clock edge, be made transparent, or hold the most recent data.
MISCELLANEOUS The output latches can be configured to register data from the
CLK Clock RAM on the rising clock edge or to be transparent clock LO
GND Ground (Eight Lines) and latched clock HI. The bidirectional Edata-Port can be con-
Vop +3V Power Supply (Three Lines) figured to do either one read or one write each cycle. Each read

port has an independent three-state enable control.
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In Double-Precision mode, the input latches can be configured
for an early input, a late input, a slow input on the Edata-Port
(for transfers from slow devices), or a hold of the most recent
data on the A&Bdata-Ports. Early and late inputs are
distinguished by a one-half clock cycle difference between when
the Y_Word and X_Word are written to the input latches. The
output larches can be configured for an early read, a late read or
a slow read on the Edata-Port (for transfers to slow devices).
Early and late reads are distinguished by a one-half clock cycle
difference between when the Y_Word and X_Word are read
from the output latches. To accomplish late inputs and early
reads, the latches are transparent for 16 bits of the data transfer,
allowing either a direct write of the X_Word to RAM or a direct
read of the Y_Word from RAM, respectively.

The write address latches can be made transparent or latched in
clock HI. The read address latches can be made transparent or
registered with the clock’s rising edge. In Double-Precision

mode, the unused high-order address bit is interpreted as Port
Select. Port Select and Bank Select (BS) are treated as part of
the address field so that their write-disable and three-state
effects properly track the selected pipeline delays.

CONTROLS

The ADSP-3128A Register File has 18 control lines. Their
functional descriptions are summarized in mode Tables I
through III.

Most control lines are registered, as indicated in the “Pin List”
and in Figure 1. All registered controls meet the timing require-
ments of Figure 2. The timing requirements for the three asyn-
chronous three-state controls, Ctri, Dtri and Etri, are shown in
Figure 3. The timing for the remaining asynchronous controls
are illustrated in timing diagrams Figures 2 through 13.

+— 1 —
Clock RAM READ
Registered
Controlg

Figure 2. ADSP-3128A Regis&eré&’toniw?é Timing
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ADSP-3128A

BS DP AB&Elt AB&Eht A&B&Einh Rfltran  Description

0 X X X X X Disable chip (consistent with pipelines) but advance pipelines
with clock cycle

1 0 0 0 X X Register write data at A&B or Edata input latches on falling
edge

1 0 0 1 X X Hold most recent data at A&B or Edata input latches for the
next cycle

1 0 1 0 X X Latch write data at A&B or Edata input latches at clock HI

1 0 1 1 X X Make transparent A&B or Edata input latches

1 X X X 0 X Allow write to RAM from the A, B and Edata input latches

1 X X X 1 X Inhibit write to RAM from the A, B and Edata input latches

1 1 0 0 X X Early Input to A&B or Edata input latches: register Y_W on
falling edge to input latches and latch X_W to input latches
in clock HI

1 1 0 1 X X Late Input to A&B ‘or Edata input latches: latch Y_W to
inpuy latches in-clock HI and make input latches transparent
for X_W in clack HI

1 1 1 X X X Hold most recent:data at A&B input latches for the
next cycle

1 1 1 1—0 X 0 Edata Slow Input: register Y_W to Edata input latch on next
falling edge (Eht only)

1 1 1 0—-1 X 0 Edata Slow Input: register X_W to Edata input latch on next
falling edge (Eht only)

1 1 1—0 1 X 1 Edata Slow Input: register Y_W to Edata input latch on next
rising edge (Elt only)

1 1 0—-1 1 X 1 Edata Slow Input: register X_W to Edata input latch on next

rising edge (Elt only)

Table I. ADSP-3128A Summary of Data Input and Write
Control Modes
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BS DP CD&Etran Rfltran C&D&Etri Eio Description

0 X X X X X Disable chip (consistent with pipelines) but advance
pipelines with clock cycle

1 X X X 0 X Drive data from output latches through C or D or
Edata-Port

1 X X X 1 X Three-state (high impedance) output C or D or
Edata-Port

1 0 0 X X X Register data from RAM to C&D or Edata output
latches on rising edge

1 0 1 0 X X C&D or Edata output latches are transparent clock
LO, latched clock HI

1 0 X X X 0 Edata-Port is configured for one read or one write
per cycle

1 1 0 0 X 0 Configured for Late Read at C&D or Edata-Port: regis-

ter Y_W & X_W from RAM to output latches on ris-
ing edge; output Y_W in clock HI, output X_W on
next clock LO

1 1 1 0 X 0 Configured for Eagly Read at C&D or Edata-Port: out-
put Y_W from RAM;Ihrough transparent output
.Jatghes neclogk 1,0; tatch X_W to output latches and
. omputm clock HI

1 1 0 0 X I . tonﬂgured £§r Edata Slow Read: hold RAM read data
: ag Edata: outpm laa;th output Y_W at clock HI
1 1 1 i} >4 I & C@nﬁgmd”for Edata Slow Read: hold RAM read data
i at'Edara Output Latch; output X_W at clock HI
1 1 X 1 X Xow _Defines Clock-On-Rising/Falling mode for Edata Slow
: ’ taputs

i
7 ol ¥

Table Il. ADSP-3128A Summary ‘of Data Read and Output
Control Modes

BS DP Wadtrn Radtrn  A/B/C/D/Eadr (Port Select) Description

0 X X X X Disable chip (consistent with pipelines) but advance
pipelines with clock cycle

1 X 0 X X Latch A or B or Eadr write addresses at clock HI

1 X 1 X X A or B or Eadr write address latches are transparent

1 X X 0 X Register C or D or Eadr read address latches on the
rising edge

1 X X 1 X C or D or Eadr read address latches are transparent

X 1 X X 0 Disable A/B/C/D/Edata-Port

1 1 X X 1 Enable A/B/C/D/Edata-Port

Table Ill. ADSP-3128A Summary of Address Control Modes
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ADSP-3128A

ADDRESS LATCHES FOR BOTH SINGLE- AND
DOUBLE-PRECISION MODES

The three read (clock HI) address latches and three write (clock
LO) address latches hold the seven bits required for Register
File addressing, Port Select and Bank Select. Radtrn controls
whether the three read address latches are transparent or
latched; Wadtrn controls whether the three write address latches
are transparent or latched. When Radirn/Wadtrn is HI,
addresses presented at the read/write address ports are trans-
ferred directly to the RAM with no pipeline delay. When
Radtrn is LO, addresses presented at the read address ports are
registered on the rising edge of the clock, to be used during the
next clock LO, When Wadtrn is LO, addresses presented at the
write address ports are latched on the rising edge of the clock,
to be used immediately during the next clock HI.

Both Radtrn and Wadtrn latch controls are registered and affect
the configuration of the address latches on the rising clock edge
in which they are registered. They remain in effect until the
next rising edge.

Transparent addresses must be valid at least t,¢y before the end;
of the phase in which they are used. The setup time for:latehed *
or registered addresses is t,sr. All addresses guist be held valid

tap after the end of the phase in which'they are‘asserred.

Qutput delays for transparent data Té;ld&\fl‘()ﬂ'l transparenf ©
addresses are referenced from address valid. Hewéver, an ]
address valid prior to the clock LO in which the RAMuisiread
provides no additional benefit. The output delay,toprr, is.sef-

erenced from address valid or the clock falling edge — whxc;he\fér .

is later. The transparent read address must be held vatid
throughout the RAM read phase.

SINGLE-PRECISION OPERATION

Single-Precision mode is determined by the registered DP con-
trol being LO. Single-Precision mode must be asserted as shown
in the timing diagrams to insure that the high-order single-
precision address bits are not misinterpreted as Double-Precision
Port Select bits and that latch controls are given their proper
Single-Precision interpretation. A general discussion of dynamic
switching between Single- and Double-Precision modes can be
found below in “DP/SP Changeover.” In Single-Precision mode,
the Register File is configured as 128 words that are 16 bits in
width. The 128 words are addressed by 7-bit addresses from the
five address ports. All data paths and data latches behave as if
they were 16 bits wide.

Up to five 16-bit data transfers per cycle are possible in Single-
Precision mode. These transfers can be comprised of three
writes and two reads, or two writes and three reads.

SP Reads

The operations of transferring data from RAM to a latch and
from a latch to the output pins are logically distinct with the
ADSP-3128A. Transfers from RAM to latch are called “reads”
in this data sheet; transfers from latch to output port are called
“outputs.”

Read addresses can be transparent or registered (Figure 4). In
all timing diagrams, the phase in which an address causes a
RAM read or write is indicated by a Greek letter. For Figure 4's
reads, all addresses shown cause a read in phase a. Not all con-
trols are shown on this or other timing diagrams as explicit
waveforms. In Figure 4, for example, the expression
“Radtrn=1" at a rising edge implies that Radtrn was asserted
HI before that edge and met the standard setup and hold time
requirements of Fxg\u‘e 2 for controls.

The outpili: latches. an‘%c set transparent via registered controls

: CPmm m #ndfor Etran HI. Note that one control, CDtran,
. affects both Cdata-Port and Ddata-Port output latches. From a
_trdhsparent read adéress (Radtrn HI), read data when the out-

putdatchés are transpagent will be valid toprr after a valid read

U@a
: ,addﬁessxor after the clock falling edge — whichever is later. From

% transparent read address, read data will be valid topc after the
rising clogk edge when the output latches are in registered mode
from the C&Ddarta-Ports and/or the Edata-Port.

' When the read addresses are registered (Radtrn LO), the data

output timing is very similar except that the output delay for a
transparent read is now referenced from a clock edge rather than
address valid. The transparent read data will be valid topgrr
after the falling clock edge.

Note that in all four combinations of address and output latch-
ing modes, the read from RAM took place in phase «. Specify-
ing registered output latches simply introduces an additional
clock phase of pipelining. Note also that for all Single-Precision
reads, the data out is held valid throughout the phase after the
data became valid. In the case of transparent data reads, the
latch is actually holding the data valid for this phase. Data will
be held valid topyy after the clock edge for all reads (in all
modes).

Each read port has its own asynchronous three-state control:
Ctri, Dtri and Etri. See Figure 3 for enable and disable
timing.
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SP Writes

Single-Precision mode must be asserted as shown in Figure 5 to
insure that the high-order single-precision address bits are not
misinterpreted as Double-Precision Port Select bits and that
latch controls are given their proper Single-Precision interpreta-
tion. The operations of transferring data from a port to a latch
and from a latch to the RAM are logically distinct with the
ADSP-3128A. Transfers from port to latch are called “inputs”
in this data sheet; transfers from latch to RAM are called
“writes.”

Write addresses can be transparent (Wadtrn HI) or registered
(Wadtrn LO), exactly as with read addresses (Figure 5).

The Adata-Port and Bdata-Port input latches can be set to trans-
parent, latched or clock-on-falling mode via the ABlt and ABht
controls (Table I and Figure 5). The Edata-Port input latch can
be set to transparent, latched or clock-on-falling mode via the
Elt and Eht controls. When the “It” and “ht” controls are both
asserted HI, the latches are transparent (“t”). When only “It” is
asserted, the latches are in latched mode (“1”). When only “ht”
is asserted the latches are in hold mode (“h”"). When both con-
trols are LO, the latches are in clock-on-falling mode.

Note that one set of controls, ABIt and ABht, affects both
Adata-Port and Bdata-Port input latches. (These controls also
permit holding the most recent write data at the input latches
See “SP Input to Input Latches and Hold” below.) Th;,se C(m-
trols are always registered on the rising edge and tgéomyeffe&»
tive as of the next falling edge. When, ;humimg{iafﬁies apes
transparent, write data must be valid tﬁ?‘f 'beforetie end of, g’lﬂg

write phase. When the input latches arein latched mode, wrlte {‘f“ ’ *if

data must be valid togg before the beginning of;’he prite M
When the input latches are in clock-on-falling mode, ‘write data .
must be valid gy before the falling clock edge prior to the
write phase. In all cases, the write data presented at write data o
ports must be held tpy after the next clock edge. ¥

The operations of inputting data to an input latch and writing
data from the input latch 1o RAM are distinct. To write input
data to the RAM, the asynchronous Write Inhibit Controls
(Awinh, Bwinh, and/or Ewinh) must be LO as shown in
Figure 5. Writes should be enabled no later than tyen before
the falling edge.

Note that a write can be enabled later than a write can be inhib-
ited. If you might want to inhibit a write to the Register File as
late as the very phase in which a write is attempted, you can
keep the A/B/Ewinh controls normally HI, i.e., write inhibited,
and bring them LO every time you actually want to write.
Alternatively, for simplicity, the A/Bwinh controls can be wired
LO (write enable) and dummy writes be performed to an
unused RAM location in every clock HI. Write addresses must
always be stable, however, whenever the Write Inhibit controls
are LO. In general, do not hardwire Ewinh LO; any Edata-Port
output data will be written back to unintended RAM locations.

The write ports are prioritized with the Edata-Port of highest
priority, followed by the Adata-Port, followed by the Bdata-
Port. If writes to the same RAM location are attempted in a
given clock HI phase, the data presented at the higher priority
enabled write data port will be the data written to RAM.

a@:ﬁ‘* Vé&

SP Bidirectional Edata-Port

The Edata-Port will behave like any write port if treated as such
according to the timing diagrams. Alternatively, it will also
behave like any read port if treated as such. The Edata-Port can
be used as a write port in one cycle, a read port in the next and
a write port in the third cycle, as long as the Edata-Port is dis-
abled to high impedance before setting up write data.

SP Input to Input Latches and Hold
Data input to the input latches can be held at those latches with
the ABIt and ABht and Elt and Eht controls (Table I). These
controls are always registered on the rising edge and become
effective at the next falling edge. Figure 6 shows how data writ-
ten to the latches in any of the three input modes can be held at
a latch as long as desired. As of the falling edge after hold is
asserted, data at the write data port is ignored and will be
ignored until the next falling edge after one of the three input
modes is asserted. The hold feature allows the input latches to
be used for temporary data storage. Examples of using this fea-
ture include delaying a write to the RAM to avoid overwriting
some data currently in the RAM or writing the same data to
multiple RAM locations. .
W B

SP Bank Select g Ny

Bank Selegt is ﬁs,eatw’in exwﬂy the same way in both Single-
Précision, @d&%ﬁb?&ﬁecnsmn modes (Figure 12). The BS con-
ol is &ol‘*@ég’istered in general but rather follows the addresses

. throtigh the ad@lrc%‘%@t s (Figure 1). Hence, its setup require-
ment;isg, etup requirement for read and write
% @geac&& ;ﬁr@barent and latched/registered modes respec-

: \ylyﬁ Al applicable requirements must be met. Flowing with
addresses all@g Bank Select to track all read and write pipelines
ag;sh in Higaze 12. When LO, writes will be disabled and

oL j?ut p&ts put 1n high impedance.

y | With Bank Select, the user’s register file space can be extended
“vertically” beyond 128 single-precision words to whatever reg-
ister file space is desired. The user would typically use more
than seven bits for addressing, decoding the high-order bits to
select a horizontal row of ADSP-3128As that produce a single
“word” and applying the low-order seven bits to the address
ports in all rows.

The only restriction on extending the register file address space
using Bank Select is that ail reads and writes in a given cycle
must be from the same horizontal row of ADSP-3128As. (Port
Select removes this restriction for Double-Precision mode). In
Single-Precision mode, the user can select/deselect individual
ports, even if in different rows, using the asynchronous Write
Inhibit and Three-State controls. The user would have to apply
these with timing based on the latch modes currently selected to
properly track the pipelines.

Note that the timing requirements for Bank Select are simple if
write addresses are latched but are more complicated for trans-
parent write addresses because of the way BS flows with the
write address. For a Bank Deselect, the BS control must be LO
in the clock HI write phase B (Figure 12). If writes are
currently enabled, BS must be set up in phase a; if they’re
inhibited, BS is not needed LO until phase B to disable writes.
The Write Inhibit controls for the three write data ports are
independent. Therefore, if any Write Inhibit is LO (write
enable) in phase a, BS will have to be LO in phase « to disable
all writes.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
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ADSP-3128A

DOUBLE-PRECISION OPERATION

Double-Precision mode is determined by the registered DP con-
trol being HI. A general discussion of dynamic switching
between Single- and Double-Precision modes can be found
below in “DP/SP Changeover.” In Double-Precision mode, the
Register File is configured as 64 words that are 32 bits in width.
The 64 words are addressed by 6-bit addresses from the five
address ports. The seventh, high-order bit used in Single-
Precision addressing becomes a Port Select bit. All data paths
between RAM and data latches are true 32-bit paths. That is, all
32-bit reads from the RAM to the latches and 32-bit writes to
the RAM from the latches take place in a single read or write
clock phase. The ports, however, are 16-bits wide. Data trans-
fers through the ports are time-multiplexed.

The ADSP-3128A automatically controls the multiplexing
through the data ports once the DP control is HI. The user only
supplies one address to reference the two 16-bit halves of the
data word transferred through the data ports. In Edata-Port
Slow Input and Slow Read modes, however, the user has direct
control over these multiplexers to allow communication with
slower devices.

Up to five 32-bit data transfers per cycle are possib
Precision mode. These five transfers can be b

writes and two reads or two wri
on whether the Edata-Port is us

Floating-Point ALUs. Normally, two ADSP-3128A Multip®
Register Files would be used “horizontally” to communica
with 32-bit buses.

In the descriptions that follow, one 16-bit half of a given ADSP-
3128A’s 32-bit word is referenced as an “Y_Word,” the other
half as an “X_Word.” Note that normally a user would put
together the Y_Words from two ADSP-3128As to create a 32-bit
half of a 64-bit double-precision floating-point number. Simi-
larly, the floating-point number’s other 32-bit half would be
constituted from the X_Words of two ADSP-3128As.

What is called a “Y_Word” in this data sheet is simply the 16-
bit half of a 32-bit field that is written to the Register File first
and read from the Register File first. But it is nothing more
than a semantic convention; what are called here “Y_Words”
can be used used to make up either Most Significant or Least
Significant Words, depending on system requirements. The key
point is that whichever half is written first will be the half read
first.

DP Normal Reads

Double-Precision mode must be asserted as shown in Figure 7
to insure that the Port Select bits are not misinterpreted as
Single-Precision address bits and that latch controls are given
their proper Double-Precision interpretation. Addresses can be
transparent or registered (Figure 7), just as in Single-Precision
mode.

The two normal read options in Double-Precision mode are
Early Read and Late Read. They are controlled via registered

ched. The effect in Double-Precision

smnsparently from the RAM in phase vy

ata port with delays; toprT and toprrs

g to registered and transparent read addresses

The X_Word is also read from the RAM in phase
at the 32-bit output latch to be multiplexed out the
rt in the next phase with output delay tope. Data
es for Early Reads, as for all other kinds, is topy. As
described in “Address Latches,” the transparent address can be
set up before the RAM read phase but toprr will then be refer-
enced from the falling clock edge rather than address valid.

Late Reads are generated when CDtran and/or Etran are LO.
As with Early Reads, both the Y_Word and X_Word are read
from the RAM to the 32-bit output latches in phase v. In the
case of Late Read, the Y_Word is held at the output latch until
the next phase, when it is driven off chip with delay topc. The
X_Word follows in the phase after that with the same delay
characteristic of registered reads.

Each read port has its own asynchronous three-state control:
Ctri, Dtri and Etri. See Figure 3 for enable and disable timing.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
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DP Writes

Double-Precision mode must be asserted as shown in Figure 8
to insure that the Port Select bits are not misinterpreted as
Single-Precision address bits and that latch controls are given
their proper Double-Precision interpretation. Addresses can be
transparent or registered (Figure 8), just as with Double-
Precision reads.

The two normal write options in Double-Precision mode are
Early Write and Late Write. They are exactly analogous to
Early Read and Late Read in that they offer two pipelining
options. They are controlled via registered controls ABIt, ABht,
Elt and Eht as shown in Figure 8 and Table II. Note that one
set of controls, ABIt and ABht, affects both Adata-Port and
Bdata-Port input latches. These controls become effective as of
the falling edge after they are registered.

In Early Write, both Y_Word and X_Word are input to the 32-
bit input latches before they are both written to RAM in phase
5. Both Y_Word and X_Word have the setup time requirement,
tpsr, characteristic of latched-mode data inputs. Data hold
requirements for Early Write and all other writes is tpy.

With Late Write, the user can input the Y_Word and X_Word
into the Register File latches one half cycle later for a write to
RAM in the same phase 5. The Y_Word is latched with setup
time tnge. The X_Word, however, is transparently written to
RAM in phase 3. Note that the setup requlrement o&
X_Word is therefore tpgr.

The actual write to RAM occurs in thg; 3
the Write Inhibit controls in Double-P cnsno% work
they do in Single-Precision. To write input data
the asynchronous Write Inhibit Controls (Awi
Ewinh) must be L.O as shown in Figure 8. Write
enabled no later than tygy before the falling edge.

G,

w3

Note that a write can be enabled later than a write can be mhxb%w

ited. If you might want to inhibit a write to the Register File as
late as the very phase in which a write is attempted, you can
keep the A/B/Ewinh controls normally HI, i.e., write inhibited,
and bring them LO every time you actually want to write.
Alternatively, for simplicity, the A/Bwinh controls can be wired
LO (write enable) and dummy writes be performed to an
unused RAM Iocation in every clock HI. Write addresses must
always be stable, however, whenever the Write Inhibit controls
are LO. In general, do not hardwire Ewinh LO; any Edata-Port
output data will be written back to unintended RAM locations.

The write ports are prioritized with the Edata-Port of highest
priority, followed by the Adata-Port, followed by the Bdata-
Port. If writes to the same RAM location are attempted in a
given clock HI phase, the data presented at the higher priority
enabled write data port will be the data written to RAM.

DP Edata-Port Slow Input and Slow Read

The bidirectional Edata-Port is intended to be the port inter-
faced to a system bus, which may run more slowly than local
buses. To simplify the interface for Double-Precision, the
ADSP-3128A provides a mode for loading the Y_Word and
X_Word into the input latches over multiple ADSP-3128A clock
cycles (Figure 9). Also a mode is provided for multiplexing
Y_Word and X_Word read data from the output latches over
multiple clock cycles (Figure 10).

For a Slow Input (Figure 9), the input latches are updated when
there is a transition in a designated control input from one clock
rising edge to the next clock rising edge. Both Clock-on-Falling
and Clock-on-Rising Slow Input modes are supported. Rfltran
LO indicates that data is to be loaded on the clock’s falling
edge, Rfltran HI indicates rising edge. In the case of Clock-on-
Falling, the transition in Eht updates the latches while Elt is
concurrently HI (Hold mode). Call Eht the “transition control”
for Clock-on-Falling and Elt the “background control”. Clock-
on-Rising reverses the role of these two controls; the transition
in Elt causes the latches to update while Eht is concurrently HI.
In other words, for Clock-on-Rising, Elt becomes the transition
control, Eht the background control. Regardless of which clock
edge is loading the data, it must be set up to the input latches
with set up time tpgp as shown.

When the transition control goes from HI to LO, the external
data will be input to the Y_Word position in the Edata input
latch and be held there. When the transition control goes from
LO to HI, the external data will be input to the X_Word posi-
tion in the Edata input latch and be held there. A write to RAM
i 0) at the next clock HI from

—Premslon (DP HI), configures the
ad. When Eio goes HI, data at the out

ird ¥ead from RAM in phase y will be driven through
data-Port (if enabled with Etri). When Etran is HI, the
X_Word read from RAM in phase y will be driven through the
Edata-Port (if enabled with Etri). The outputs will be driven as
long as Eio is HI and Etran doesn’t change.

DP Input to A&B Data-Port Input Latches and Hold

Data input to the A&Bdata-Port input latches can be held at
those latches with the ABIt and ABht, controls (Table I). These
controls are always registered on the rising edge and become
effective as of the next falling edge. Figure 11 shows how data
written to the latches in either Early Write or Late Write modes
can be held at a latch as long as desired. As of the falling edge
after hold is asserted with ABIt HI, data at the write data port is
ignored. It will continue to be ignored until the next falling edge
after ABIt goes 1.O. The hold feature allows the input latches to
be used for temporary data storage. Note that the Edata-Port
supports Input-and-Hold in SP only, since Elt is used in DP for
Slow Edata-Port inputs.

DP Bank Select and Port Select

Bank Select is treated in exactly the same way in both Single-
Precision and Double-Precision modes (Figure 12). The BS con-
trol is not registered in general but rather follows the addresses
through the address latches (Figure 1). In Double-Precision, the
seventh address bit (not needed for Double-Precision address-
ing) is redefined to function as Port Select for the ports being
addressed. DP must be asserted HI as shown in Figure 13 to
insure that these bits are interpreted as Double-Precision Port
Selects and not Single-Precision address bits (and that latch con-
trols are given their proper Double-Precision interpretation).

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
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ADSP-3128A

Behaving as addresses, both BS and A/B/C/D/Eadr, have setup DESIGN CONSIDERATIONS

requirements of tag, and tagg,, the setup requirement for read Power Up

and write addresses for transparent and latched/registered At power up, any or all of the three output ports, Edata-Port,
modes, respectively. All applicable requirements must be met. Cdata-Port or Ddata-Port, may be driving off chip. Because of
Flowing with addresses allows Bank Select and Port Select to pipelining, Bank Select should not be used to serve a reset or
track all read and write pipelines as shown in Figures 12 and 13. ““chip select” function unless no other devices on the buses
When LO, writes will be disabled and output ports put in high driven by these ports could themselves possibly be driving.
impedance. Bank Select will tristate these ports, but they cannot be

guaranteed to be in a high impedance state until t,g into the
second cycle after the rising edge at which BS is LO (Fig-

ure 12).

Any ADSP-3128A output port that shares a buses should be
forced into a high impedance state at power up using the Etri/-
Ctri/Dtri controls. The bits driving these pins from microcode
can be gated with the user’s general system reset control.

The only restriction on extending the register file address space
using Bank Select is that all reads and writes in a given cycle
must be from the same horizontal row of ADSP-3128As. Port
Select removes this restriction for Double-Precision mode (only).
Like Bank Select, the Port Select controls track the ADSP-
3128A’s internal pipelines. But since every port can be indepen-
dently selected or deselected, reads can be made from and writes
made to any combination of locations in the user’s register file Power Supply Decoupling
space. They need not be all made from the same horizontal row. The ADSP-3128A regi: ter file is designed with high speed
drivers on all ou . This means that large peak currents
may pass thro ver ground and Vpp, pins, particularly
s are simultaneously charging their load
sition, whether from LO to HI or vice versa.

Note that the timing requirements for Bank Select and Port
Select are simple if write addresses are latched but are more
complicated for transparent write addresses because of the way
BS and A/B/Eadr, flow with the write address. For a Bank g

rently enabled, BS or A/B/Eadr i
A/B/Eadr, is not needed LO until

are independent, if any is enabled in phasé”gf
will have to be LO in phase o to disable all%vm

DP/SP Changeover B
Many controls are interpreted and internal states affected bﬁ&e i
DP control. The timing diagrams show when DP must be HI

and when it must be LO to accomplish the operation described

in each timing diagram. For times when the state of DP is not
explicitly shown, it can be changed. That is, the user can
dynamically reconfigure the ADSP-3128A from Single-Precision
to Double-Precision and conversely as long as these restrictions
are observed.

% lengths ce lengths should be as short as possxble The
ﬁw%oﬁd plane should tie to driver GND in particular with a very

low inductance path. High frequency bypass capacitors (0.1unF
ceramic) should be located as close as possible to the Vy, pins.
Low frequency bypass capacitors (20uF tantalum) should be
located outside the chip perimeter (not directly under the chip).
System noise immunity can be improved by careful design of
Vpp and GND planes. See the Applications Note, “Power and
Ground Connection Guidelines for Pin Grid Arrays” for layout
suggestions.

Internal RAM Organization

It may be useful to know that a 32-bit word in Double-Precision
mode consists of two 16-bit words that can be addressed in
Single-Precision mode with seven bit addresses by the six bit
address used in double precision mode (n) and that address plus
64 (n+64). The Y_Word of the double-precision word will be in
n; the X_Word in n+64. By switching from Double- to Single-
Precision, the user can independently access the Y_Word and
the X_Word. '
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KEY CHANGES FROM JUNE 1988 ADSP-3128A

A PRELIMINARY DATA SHEET

The ADSP-3128A is a pin-compatible speed-upgrade to the
ADSP-3128 with the following qualifications:

1. The specification ty,y has been added and the specification
tywin has been redefined to make it easier to use. The Write
Inhibit Delay (tw ) is the maximum time after the rising
edge of the clock before the A/B/Ewinh pin must be high to
inhibit a write to the register file. The new specification
Write Inhibit Control Hold Time (tywng) is the minimum
hold time required after the falling edge of the clock to
insure that the enable write or inhibit write has occurred.
New versions of Figure 5 and Figure 8 show this timing.

2. The Elt and Eht lines are reversed in Figure 9 and the last
two entries of Table I in the June 1988 Data Sheet for Dou-
ble Precision Clock-on-Rising Slow Inputs to the E-port.
Figure 9 and Table I have been corrected. Paragraph two of
DP Edata-Port Slow Input and Slow Read on Page 3-54 has
also been changed.

3. The specifications t g and 1,5z have been separated for
reads and writes. The new specifications are:

Transparent Address Setup — Read  tygrg
Transparent Address Setup — Write  tagy
Registered Address Setup — Read tasrRr
Registered Address Setup - Write 1, cid |
v

. The low-level input voltage level on the Clock line is 0.6V

maximum. On all other lines it remains 0.8V maximum.

. Ipp Supply Current is 600mA maximum.
. The Edata-port can function in any one cycle as either a read

port or a write port. It cannot both read and write in one
cycle.

. Extra reads from the C, D and Edata-ports are no longer

allowed.

. The following specifications have been removed:

tEDIS Three-State E Port Auto-Disable

tHIER Clock Period HI — Write Plus Extra Read

toprt Clock Address-to-Transparent Delay — Extra Reads
terk Clock Period ~ Clocked Reads

teLks Clock Period - Trans Reads

tcexa  Clock Period — Transparent VO

tastes  Trans. Clk HI Bank Select Setup

topce  Clk-to-Data Output Delay — Eport

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
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SPECIFICATIONS' ADSP-3128A
RECOMMENDED OPERATING CONDITIONS

ADSP-3128A
J and K Grades S and T Grades®
Parameter Min Max Min Max Unit
Vpp  Supply Voltage 4.75 5.25 4.5 5.5 \'%
Tams Operating Temperature (Ambient) 0 +70 -55 +125 °C
ADSP-3128A
J and K Grades S and T Grades®
Parameter Test Conditions Min Max Min Max Unit
Vi  High-Level Input Voltage @ Vpp=max v
Viua High-Level Input Voltage, CLK @ Vpp=max v
and All Asynchronous Control
Inputs
Vo Low-Level Input Voltage v
A\ Low-Level Input Voltage (CLK) \4
Vou  High-Level Output Voltage \%
Vor  Low-Level Output Voltage v
I High-Level Input Curreng;
All Inputs o nA
I Low-Level Input Current, %
All Inputs Tk A
Ioz  Three-State Leakage Current ma;,?}-hggﬂ ‘.
i 50 wA
I Supply Current’® (x% ! eI TTL
(CLK=0, 3 600 mA
Iopg  Supply Current-Quiescent All V=24V 100 mA
ORDERING INFORMATION
Temperature
Part Number Range Package
ADSP-3128A]G 0to +70°C 144-Pin Grid Array
ADSP-3128AKG 0to +70°C 144-Pin Grid Array
ADSP-3128ASG —55to +125°C  144-Pin Grid Array
ADSP-3128ATG —55to +125°C  144-Pin Grid Array

ADSP-3128ASG/883B  —55to +125°C  144-Pin Grid Array
ADSP-3128ATG/883B  —55 to +125°C  144-Pin Grid Array

This information applies to a product under development. its characteristics and specifications are subject to change without notice.
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SWITCHING CHARACTERISTICS

ADSP-3128A

J Grades K Grades S Grades’ T Grades®

0 to +70°C 0to +70°C | -551t0 +125°C | —55 to ~125°C
Parameter Min Max Min Max Min  Max Min Max Unit
19 Clock LO Period 20 ns
ty Clock HI Period 22 ns
tes Control Setup 10 ns
ten Control Hold 1 ns
tastr  Transparent Address Setup ~ Read 18 ns
tasTw Transparent Address Setup — Write 30 ns
tasrr  Registered Address Setup ~ Read 4 ns
tasrw Registered Address Setup — Write 11 ns
tay  Address Hold 3 ns
tgna  Three-State Enable Delay 2 ns
tprs  Three-State Disable Delay ns
tpises  Three-State Disable Delay — Bank & Port Sel ns
toprr Trans Adr-to-Trans Output Delay ns
topc Clk-to-Data Output Delay - C & Dports ns
toprr Clkd Adr-to-Trans Output Delay ns
top  Output Data Hold ns
tpsk  Latched Data Setup ns
tpst  Transparent Data Setup ns
tpsy  Clock-on-Falling Data Setup ns
tpy  Input Data Hold ) ns
twen  Write Enable Setup ﬁ?‘% ns
twiny  Write Inhibit Delay % ns
tarpe  Trans Adr to Write Enable ns
tywmn  Write Inhibit Control Hold Time
NOTES

ALl min and max specifications are over power-supply and temperature
reference levels and output reference levels are 1.5V, except for tgyas Upy
25 and T grade parts are available processed in accordance with MIL-STD-883, Class B. The processing and test methods used for S/883B and T/883B

versions of the ADSP-3128A can be found in Analog Devices’ Military Data Book. Regular S and T grade parts are tested at +125°C.
3Worst-case with all outputs switching twice per cycle. (Example: DP Reads)

Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS*

Supply Voltage. . . . ............ .. .. ...
Input Voltage. . . . ...............
Output Voltage Swing

—0.3V 1o +7V
—0.3V to Vpp, +0.3V
~0.3V to Vpp, +0.3V

Operating Temperature Range (Ambient). . . .—55°C to +125°C

Storage Temperature Range
Lead Temperature (10sec) PGA

—65°C to +150°C

*Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indicated in
the operational sections of this specification is not implied. Exposure to absolute

rating diti

for ded periods may affect device reliability.

T
Input levels are GND and 3.0V. Rise times are Sns. Input timing
pisss Which are as indicated in Figures 3, 12 and 13.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
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ADSP-3128A

ESD SENSITIVITY
The ADSP-3128A features proprietary input protection circuitry. Per Method 3015 of
MIL-STD-883C, the ADSP-3128A has been classified as a Class 1 device.

Proper ESD precautions are strongly recommended to avoid functional damage or perfor-
mance degradation. Charges as high as 4000 volts readily accumulate on the human body
and test equipment and discharge without detection. Unused devices must be stored in
conductive foam or shunts, and the foam should be discharged to the destination socket
before devices are removed. For further information on ESD precautions, refer to
Analog Devices’ ESD Prevention Manual.

WARNING!
,‘,é

£SD SENSITIVE DEVICE

E %TPUT 18V
INPUT

40pF

||‘

o e * E
e

Equivalent Input Circuits quiy;}leat Olitput Circuits Normal Load for ac Measurements
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1 H
Clock RAM READ | RAMWRITE [ RAM READ
phase © phase P phase ¥
Reads
Double-Precision
(DP) Control
Rfltran
Control
4
Transparent C/D/E A —
Read Addresses SSES N
Radtrn=1
Transparent Read Data & DATAOUT Transparent
CDtran/Etran=1 Address
-
tooc |
Clocked Read Dat
Clocked C/D/E
Read Addresses
Transparent Read Data Clocked
CDtran/Etran=1 Address
Clocked Read Data DATA OUT
ICDtran/Etran=0

Figure 4. ADSP-3128A Single-Precision Read Output
Timing
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ADSP-3128A

Clock

Double-Precision
(DP) Control

- 1 —ble— 1, —¥

RAM READ | RAMWRITE | RAMREAD

phase O phase B phase Y

Controls for All Modes

Latched A/B/E
Write Addresses

Transparent A/B/E
Write Addresses

asaw] 'AH |

B ApDRESSES

Wadtrn=0

Addressing Modes

o
Latched Write Data ! ol :
ton
Transparent Write Data ; DATA'IN Write Data
ABIt/Eit=1
ABhV/Eht=1
Clock-on-Falling
Wirite Data P
ABIEI=0
ABRY/Eht=0
tateE
WINH
-

Write Inhibit (LO for enable)
(A/B/Ewinhy)

Write Inhibit (HI for inhibit)
(A/B/Ewinh)

write

enable

write
* inhibit

Figure 5. ADSP-3128A Single-Precision Write Input Timing

Write Enable
and Inhibit
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Figure 6. ADSP-3128A Single-Precision Write to Input

Latches and Hold Timing
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Figure 7. ADSP-3128A Double-Precision Read Output
Timing
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Figure 8. ADSP-3128A Double-Precision Write Input
Timing

This information applies to a product under development. its characteristics and specifications are subject to change without notice
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.

3-64 MICROCODED SUPPORT COMPONENTS




ADSP-3128A

— ity

RAM READ | RAMWRITE | RAM READ RAMWRITE | RAM READ

Glock RAM WRITE
phase & phase B phase Y phase 8 phase € phase &
m’ Controls for
Ewinh Control :

)\, wiite_/1

All Modes
enable®
Latched E
Wirite Addresses Addri essing
Modes
Transparent E

Write Addresses

Double-Precision
{DP) Control

Elt
= : Filman must rer‘rw LOat
Riitran ovary rising edgéd 't fo and including
the cycle:cking the AAM is written
;§‘ & e
, p
Eht 4 . 2R
Blow Input
bf Y_Word
Clock-on-Falling Clock-on-Falling
Input of Y_Word Slow Inputs
Eht 4
Transition iSlow Input
pf X_Word
Clock-on-Falling
Input ot X_Word it
 ——

Clock-on-Rising

Pt t
Double-Precision D%—EP— .
{DP) Control . XDouble-Precision

Slow Inputs
Eht _y
3 3 Note: Afftran must rernain Hi at
Rfitran _y \<. = every rising edge up to and including
- — the cycle during which the RAM is written
EN 2
Slow Input
of Y_Word
Clock-on-Rising
Input of Y_Word
Elt £
0= 1 iransition Slow Input
oot of X_Word
Clock-on-Rising i OSR} Tom
Input of X_Word < =:X€ X W INX-
T

* See Figure 9 for the complete set of conditions for Ewinh

Figure 9. ADSP-3128A Double-Precision Slow Edata-Port
input Timing
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Figure 10. ADSP-3128A Double-Precision Slow Edata-Port
Read Output Timing
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Figure 11. ADSP-3128A Double-Precision Write to Input
Latches and Hold Timing (Adata-Port and Bdata-Port only)
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Figure 12. ADSP-3128A Bank Select Timing
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Figure 13. ADSP-3128A Double-Precision Port Select Timing
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Figure 15. ADSP-3128A Seven-Port Double-Precision

Application with ADSP-32XX

Double-Precision mode allows transfer of both MSW and LSW
in a single cycle while still using p.code at the same cycle rate.
Pairing pairs of ADSP-3128As creates a seven-port register file
for unconstrained data transfers. The same data is always writ-
ten to both the right and left pairs (therefore, the same A, B
and Eadrs go to both pairs). In this application, Early Writes

are used at the input ports for the simplest interface to the
floating-point chipset’s output. The data read from the two
sides is generally distinct, so the C and Dadrs for each pair are
distinct. Late Reads match the input loading requirements of
these chips and are, therefore, used on the rightmost pair of
ADSP-3128As.
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