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HuPD77C20A, 7720A, 77P20
Digital Signal Processors

Description

The pPD77C20A, PRT77204, and uPD77P20 three sig-
nal protessing intarface (SPI) chips thal are functicn-
ally the same are advanced architecture micracam-
puters optimized for signal processing algorithms.
Their speed and flexibitity allow these SPis to efii-
ciently implement signal processing functions inawice
range of environments and applications.

The 7720A SPI, a revision afthe 7720, the original mask
ROM chip, uses athird less power than the 7720.

The 77C20A is a CMOS pin-far-pin compatible version
of the NMOS version, 7720A This advanced architec-
ture CMOS microcomputer has pawer requirements 80
percent Iess than the 77204, making the 77C 20A appro-
priate for portable applications and other designs
requiring low power and low heat dissipation,

Minar differences between 77404 and 77C208 arg de-
scribed in the Instruction Timing section.

The 77F20 is an ultraviolet erasable and electrically
programmable (EPROM) versian af the 7720A. Program
and data ROM, masked far the 77204, are implemented
In EPRCM for the 77P20. The 77P20 is useful in prota-
type applications or in systems where product quanti-
ties are insuflicient for masked ROM development.

Since the inception of 7720 and its companton EFROM
version, 77P20, there have been several mask revisions
to improve manufacturability and function. A 77P20
must always be used to verify the functions af a usar's
system before ROM code far 77C204 or 7720A is
submitted, but cartain aarly versians of 77P20 must not
be used for final verificatlon. Refer to the section on
¢PD77P20 far details.

Features

= Low-power CMOS: 24 mA typical current use
(77C20A)

C Fast instruction exsecuwtion: 240 ns with 8.333 MHz
clock

L 16-bit data word

'+ Multioperatton instructians far fast program
execution: maltinly, accumulate, move data adjust
memaory pointers—all in one instruction cycle

O Modified Harvard architecture with three separate
memory areas
Program ROM (512 x 23 bits)

= L B

—Data ROM (510 x 13 bils)
—Data RAM (128 x 16 hits}

O 16 x 18-bit multiplicr; 21-bit product with every
instruction

Dual 16-bit accunmulators
External maskable interrupt
Four-level stack far subroutines and/ar interrupt

- Multiple ;O capabilities
—- Serial: 8- or 16-bit (480 ns/bit)
Parallel; 8- or 1€-bit
—DNA

= Compatible with most uPs, including:
wPDACED
HPDROGS
— 1PDB08G/Es
— uPD780 (Z50%)
r Singla +3-volt power supply
C NMOS technalagy {77204, 77P20)

N Extendsed temperature range

3 u u

Applications

0 Portable talecommunicatlong equipment
Digital filtering
" High-speed data modems
= Fast Fourier transforms {FFT}
¢ Speech synihesis and analysis

= Dualtone multifrequency {DTMF) transmliters;
recaivers

C Equalizars
I Adaptive contro|
' Numerical processing

Pertormance Benchmarks

T Second-order digital filter (biquad): 2.21 U
= Sinvens of angles: 5.16 us
WA lave to linear canversion: ¢.49 us

FFT
—32-point complex: 07 ms
—{i4-paint complex: 1.6 s

L

250 5 a reglstered rracemal < of 7iag Corpoaration,
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Ordering Information 32-Pin SOP
Max Normal
Frequency  Temperature NC [
Part Number Package of Opetation Range NC [
LPDTICE0AC  28-pin plassic DIP B33 MHz 40 to - 85°C DACK O
- o — DRG0
ALK 29-pir PLCC Po O
A_  24-pir PLCC P. O
AGP  32-pin SO= EO -
LPOT720AC  PB-piaplastic UIP  B3sMHr  --0ta —70°C D;E
LPO77F202 28-pin cerdip B.10€ MH: 10te ~70C Dz O
Dy O
) . ) bs O
Pin Configurationa g O]
ne ]
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GHND O CLK n, 01 35 [ 80
n, O 12 % [ONC
Notos: Nz O3 23 [38
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3t be cor 1ectad far EPROM version: congul ¥ FP?0 spedfationy NG O 21 |1 SOEN
BFD B4R DS O 20 [0 SIEN
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v O 150K
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Pin Identification

Symb) Funhction

Ay Statusfdata reglster scleet input

CLK Singla-phase master clock inpyt

[+1] Chlp select input ’ -_
Ca-Dy Three-ateta 'O cals bus .

CACR C}A ragueat a”c'tnowladge I~aut -
CRC CMA request cwtput .

iNT Interruptinput

Pg, P4 Geoneral-purposa outpus contra. Lines o
R3 Resd centrol aignal input o

ES ) Resat input

E?lf 3 - Serial data 1O siach input

Sl o Serial datn input

El{i_(\! ’ Sorial input cnable irput

la) o -_Thr.'c-stnic serial coin eulput

SOEN Se ri«alnc';u.'q;;a;;n avic inpu

;ORO Sarlal data sutput rajuast

WA B TWtlis senteel zignal input

GND Ground

Neo =5V power supply

NCYpp Vo No connecticn (77G20A, 7;’;13»“".

pregramming voltags 77P2C)

PIN FUNCTIONS
Ag (Status/Data Register Select)

This input selects data register for read/write (low) or
status reglster for read (high}.

CLK
This is tho single-phass master clock input.
CS (Chip Select)

This i_@'ut enables data transfer thraugh the data port
with RD or WR.

Bo-D7 (Data Bus)

This three-state /O data bus transfers data between
the data register ar status register and the axternal
data bus,

DACK (DMA Request Acknowledge)

This input indicates to the SPI that the dalabus Is ready
for a DMA transfer (DACK = CS and Ac = 0).

DRQ (DMA Request)

This autput signals that the $PI is requesting a data
transfer on the data bus,

INT {Interrupt)

A low-to-high transition on this pin executes a call
instruction ta lacation 100H il interrupts wore provi-
ously enabled.

Po, P4
These pins are general-purpess output control lines,
RD (Read Controi Signal)

This input [atches data from the data or status register
to the data port where it is read by an external device,

RST (Reset)

This input initializes the SP| internal logic and sets the
PCto 0.

SCK (Serlal Data 1/0 Clock)
When this input is high, a serial data bit is transferred.
Sl (Serial Data Input)

This pin inputs 8- or 16-kit serial data words from an
external device such as an A/D converter

SIEN (Serial Input Enable)

This inpLt enabkles Lhe shilt clock to the serial input
reqister,

SO {Serlal Data Output)

This three-state part outpurts 8- or 16-bit data wards to
an external device such as a D/A converter.

SOEN (Serial Qutput Enable)

This input enakles the shift elock to the serial autput
registar,

SORG (Serial Data Output Request)

This output specifies ta an external device that the
serial data register has been ipaded and is ready for
output. SORQ is reset when the entire 8- or 16-bit word
has been transferced.

2a-3
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WR {Write Control Signaf NC/Vpp/Veoo
This input writes data from the data portinto the data  This pin is not internally connected in the 77C20A and
register. T720A. In the 77P20, this pin inputs the pragramming

GND voitage (Vpp) when the part is being programmed,

This pin must be connected to V¢ for proper 77P20
This is the connection to ground. B e prop

operation. Consult the secticn on the pPD77P20 for

Voo (Power Supply) detalls.
This pin is the + 5-volt power supply.

Block Dlagram
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> saz oA 18
—t S0 Seral
1
o ||| e
. < :
¥ «—— SIER
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e s
== stEck |
2 ‘ead Wrtts
[ Canue- Log &
: NAfe- w| |- Dg-D7
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-k e
PO8GN TR
he— WA
e— & .
s|s|c|lz]o]o
Eoaa | A A]A AV ]Y — Ap
MEL 9 ala .
1]o !
s|stclefe|o > Py H
9|B[B v]v : X
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FUNCTIONAL DESCRIPTION

The primary bus (unshaded in the block diagram}
makas a data path between all of the registers (includ-
ing 1/Q), memaory, and the processing sectiens. This bus
is refarrad to as the IDB (intarnal data bus). The multi-
plicr input registers K and L ¢an be loaded not only
from the IDB but alternativsly via buses (darkened in
the black diagram) directly from RAM to the K register
and directly from data AOM to the L register, Qutput
from the multiplier in the M and N registers is typically
added via buses (shaded in the block diagram) to
either accumulator A or B as part of a multioperation
instruction.

The SPlis a complets 16-bit microcomputer on a single
chip. ROM space provides program and cosfficient
storage; the on-chip RAM may be used far temporary
data, coefficients, and results. A 16-bit erithmetic/lagic
unit (ALL) and a separate 18 x 16-bit, fully-paralic
multipller pravide computational power This combina-
tion allows the implementation of a “sum of products™
operation in a single 240-ns instruction cyele. In addi-
tion, each arithmatic instruction atlows a number of
data movement operations to further increase through-
put.

Two serial I/ ports interface to codacs and other
serial-origntod davices; a paralls! port provides bath
data and status information to conventional micropra-
cessors. Handshaking signals, including DMA cantrals,
allow the SPI o act as a sophisticated programmabie
peripheral as well as 2 standalone microcomputer.

MEMORY

Memory is divided Into three types: Instruction ROM,
data AOM, and data RAM. The 512 x 23-bit words of
instruction AOM are addressed by a 9-bit program
counter that can be madified by an external reset,
interrupt, call, jump, ar raturn instruction.

The data ROM is organized in $10x 13-bit words that are
addressed through a 9-bit ROM pointer (RP register).
The RP may be modified simultaneously with arith-
metic instructions so that the next value is available for
tha next instruction, The data ROM is ideal for storing
the necessary copefficients, conversion tables, and
other censtants far your processing neads.

Po nat use data ROM locations 0 and 1 in the 77C20A
or 7720A. These locatians are raseryed for storagae of
test pattern data, (Whan submitting code, set these
lacations to C). Note that 77P20 allows use of these
lecations, but using them is net advised.

The data RAM is 128 x 16-bit words and is addressed
through a 7-bit data peinter {DP register). The DP has
extensive addressing features that operate simulta-
neously with arithmstic instructions, efiminating addi-
tianal time for addressing or address madification.

ARITHMETIC CAPABILITIES

One af the unique leatures of the SPI's architecture is
its arithmetic {acilities. With a separate multiplier, ALU,
and multiple internal data paths, the SPI is capable of
carrying out a multiply, an add, or other arithmetic
operatlon, and a data move belween internal registers
in a single instruction cycle.

ALU

The ALU is a 16-bit two’s complement unir capable at
executing 16 distinct operations on virtually any of the
SPI's internal registers, thus giving the SPI bioth speed
and versatility far efficient data management.

Accumulaters (ACCA/ACCB)

Associated with the ALU are two 16-hit accumulators,
vach with its own set of flags, which are updated at the
end of each arithmetic instruction {except NOP). Table
1 shows the ACC A/B flag registers. In addition to zera
result, sign, carry, and averflow flags, the $P1 incorpo-
rales awxiliary overflow and sign flags {SA1, 8B1, OVA1.
OVE1). These flags enable the detection of an averflow
condition and maintain the correct sign ater as many
as three successive additions or subtractions,

Tabfe 1. ACC A/B Flag Registers
Flag A <Al 40 ca 24
FlagB SBI SBO CB z3

Cvial
aven

VAo
CVEBO

Sign Reglster (SGN)

When OVA1 is set. the SA1 bit will hold the carracted
sign of the overflow. The SGN register will use SA1 to
automatically generate  saturation  canstants
7FFFH{+) or acncH({-} ta permit efficient limiting of a
cakulated value. The SGN regisier |s not allecled by
arithmetic operations on accumulator B, but flags SB1,
$§BQ, CB, ZB, OVB1, and QVBQ are affected.

Multipller

Thirty-one bit results are developed by a 16 x 16-bit
twa's complement multiptier in 240 ns. The result is
automatically (atched to two 16-bit registers, M and N,
at the end of eachinstruction cycle, The sign bit and 15
higher blts are in M and the 15 lower bits are in N; the

2n-5
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LSB inN is zero. A new product is available tor use after
every instruction cycle, providing signiticant advan-
tages in maximizing processing speed for real-time
signal processing.

Stack

The SPI contains afour-level program stack far efficient
program usage and interrupt handling.

Interrupt

The SPI supports a single-levet interrupt. Upon sensing
a high levet on the INT pin, a subrautine call to Iocation
f00H is executad. The El kit of the status reglster
automatically resetsta @, disabling Llhe intereupt facility
untll It Is reenabled under program control.

INPUT/QUTPUT
General

The SPI has three communication ports as shown in
tigure 1: two serial and pne 8-hit parallel, sach withits
own contral lines for intetface handshaking. Parallel
port aperation is software-configurable to be in sither
polled maode or CMA mods. A genaral-purpose, two-
line output port rounds cut a full complement of inter-
face capahifity.

2a~-6

Serlal 11O

The two echift registera (SI, SO) are software.
configurable to singls- or double-byte transfers. The
shift regiaters are externally clocked (SCK) to provide a
simple interface betweenthe Pl and serlal peripherals
such as AfD and D/A converters, cadecs, ar other SPis,
Figure 2 shows serial IfO timing

Figure 1. SPI Communication Ports
SP)
Paralel 1O : > il S0 >
Intestace | ———| R SORQ [—=
10 Extonn \ —] iR EOEN po—— .
Oaca Buy = SCK E‘?:'ar;r
—]{ Ap

5| f——o
DhtA {—bm SIEN |&—
Intertace et DA
Inberrusx —»{ NT Po—» ﬁ:mm‘
Reast —»{ AsT Py —> S ooout Pat
Clock —»{CiK

BYAD- 15
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Figura 2. Seriat }/O Timing
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Paratiel 1;O

The 8-bit paratlel IO port may be used for transferring
data or reading the SPI's status as shown in table 2
Data transfer is handied through a 16-blt data register
{DR) thatis sollware-conflgurable for double- or single-
byle data transfers. The port is ideally suited for oper-
ating with 8080, BORS, and 80E6 processor buses and
may be used with other processors and computer
systems.,

DMA Mode Option

Parallel data transfers may be controlled (ocptianally)
via DMA contrel lines DAQ and DACK. DMA mode
allows high-speed hransfers and reduced processor
pverhead, When in DMA mode, DACK input resets DRQ
cutput when data transfer is completed. DACK does
not fect ary status register hit or flag hit
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Table2. Paralief /W Operation

Table 3. Status Register Flags {cons)

TS Ay WR HRD Operation

Flag Description

1 X X X N affact en Infarnal eperation; Og-Cr7 are
” " 1 1 at high Impedance lawafa.
0 4] 0 1 Data fram Dg.Dy ic tehed 16 CR
{Nota 1)
q 0 1 0 Contentes of CR are autput 1o Dy-Dy
MNota 1)

lllegal (SA is reed oaly)
Eight MSBa of SR ara cutput to Dy-Dy

lllegal (may not read and writa
simultanaouely)

Naotes:

(1) FElghl MS3Bs or 8 LSBs of data register {DR} are used, depending
on VA status 2it (DAS). The condition of DATK = Oz equivalant
todg -~ CS - 0.

Status Register

The status register {figure 3} is a 16-bit register in which
the eight most significant blts may be read by the
system’s microprocessor for the latest parallel data /O
status, The AQM and DAS bits can only be affected by
parallel data maves, The other bits can be writtan to {or
read) by the SPI’s Ivad immediate (L.DJ) or move {(MOV)
Instructions. The El bit is automatically resst when an
Interrupt Is serviced.

Fiqure 3. Slatus Rpgister (SA)

13 14 13 12 Al 10 El 5
| RGM . USFi | USFD | DRS i_om | ore | soc | sie |
MSB T
7 S 5 q 3 2 1 Q
[8 . a o JeToa]ol]emlemij
LSE
Table 3. Status Register Fiags
Flag Description
RGN (Requast A read or wrlte from DR 1o IDB sets ROM =
for Master) 1.
An extarnal raad (write) reests ROM = 3,
LISF1 and USFO Generatpurpees flaga w};';ch may ba raad by.
(User Iags 1 an extemal proceasor lor usar-deflnad
ond J) signeling

DRAS (DA Status) For 16-kil DA tranafere (CRC = 0). DRS =1
after first 8 bits hawe been transferred. DAS

= C ofter oIl 15 kils heva basn transierred.

DMA = 0 {(Non.DMA 1ranster mede)
DMA = 1 (OMA trans‘er moda)

DM” [DMA Enabls)

CRC |DRcontroll  DAG = O (16-bit mode)

DAGC = 1 [$:bit modsi

SOC (20 Control) SOC = 0 {16-bit moda)
SOC = 1 [8-bit mods)
SIC (81 Cenlre) SIC = 9 [16-bit moda)
SIC = © |3-bil mods)
El (Enable El = ¢ ({interrupis disablad)
Interrup{ El = 1 (Interrupis enabled)
Pa, P4 PC and F1 direstly control the state of
{Pcrts O anc 1) auipat pins Fg and Py
INSTRUCTIONS

The SPI has three typas of instructions: Load immedi-
ale, Branch, ang Lhe multifunction OP instructian, Each
type takes the form of a 23-bit word and gxecutss in
240 ns,

Instruction Timing

To cartral the execution of instructions, the external
8-MHz clack is divided intp four phases for Internal
execution. The various elements of the 23-bit instruc-
tlon word are executed in a set arder. Multiplication
automatically begins first Alsa, data moves from
source to destination before other elements of the
instruction. Diata belng moved on the internal data bus
(DB} is available for use In ALU aperations {if P-sslect
fisld of the instruction specifies 1DB). However, if the
accumnulatar specifled inthe ASL field Is also specified
as tha destination of the datamove, the ALU operation
becames an NOP as the data move supersedes the
ALU operation

Pointer moditications oceur at the end of the instrue-
tion cycle after their values have been used for data
moves. The result of multiplicatian is available at the
end of the instructian ¢ycle for passible use in the next
insteuction. If & return is specified as part aof an CP
instructton, it Is executed last.

An assembly language OF instruction may consist of
what looks like oneto six lines of assernbly cods, but all
of these lines are assembled tagether into ans 23-bit
instruclion word, Therefore, the ordar of tha six lines
makes no difference In the order of axacution de-
scribed above. MHowever, for understanding the SPI's
operation and to ellminate confusion, write assembly
cade in the order described; that is, data mova, ALU
operations, data pointer modlllcations, and then
return.
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Minor differences exist between 7720A and 77C20A in
internal instruction execution timing. Using normal
programming instruction staiamsnts, the differences
will not appsear. However, an instruction such as tha
fellowing vall vield a difference between NMOS and
CMOS agperatian.

OP MOV @MEM,B XOR ACCB, RAM

The instruction, which is acceptable using the NEC
assambler {AS77201), has an inherent conflict in that
data is simultaneously being maved inta memory and
fetchad in one instruction. ALU Instructions invalving
either ACCA or ACCB should not be used. Insummary,
chserve the fallowing rules.

{1) DST should not ba @MEM when PSEL is RAM.
(2) When SRC is NON, DST must be @NON.

(%) A should not be used as both DST and ASL.
(4) B should not be used as bath DST AND ASL

OP/RT Instruction Field Specification

Figure 4 illustrates the OP/RT instruction field specifi-
cation. There are twa instructions aof this type, both of
which are capabie of executing all ALU functions listed
in table 4. The ALU functlons operate on the valua
spacified by the P-selsct fietd (see table S).

Tebie 4. ALU Fleld

Besides the arithmstic funclions, these instructions
can alsa (1) modify the RAM data pointer D, {2) modify
the data ROM painter RP, and (2) move data along the
cn-chipdata busfrom a seurce regisler to adestination
ragister. The posslble source and destination registers
are listed in tables € and 7, respectively.

Ths différance inthe two instructlons of this type is that
RT executss a subroutine or interrupt return at the end
af the instruction cycle, but the QP does not. Tables §,
g, 10, and 11 show the ASL, DPL, DPH, and RPDCR
fields, respectively.

Figure 4. OP/RT Instruction Fleld
22 21 20 19 18 15 1% 13 12
[ # I P-Select | ALU [ast] opL |
#0P = 00; AT ~ O
11 B & 7 4 3 o
R | ¢ | sAc i DsT ;
“RPOCA

Mnomonie Dy Dy7 Dig DOys ALY Function SA1,SB1 8A0,880 CA,CB ZA,ZR OVA1, OVB1 OVAC, OVBo

NOP a 0 a 0 No cperation — — -_— — — —

oR 0 o0 © 1 OR x A 0 & P) 0

AND 6 0 1 4 AND x P v = 0 a

YOR o} 0 1 1 Exc lusive OR x A o & 0 0

SUB 0 1 0 ¢ Subtrset 4 & A A & &

ADD o 1 0 1 ADD & A & £ & Py

SEB 0 1 1 ¢ Subtract with borrow & A Fil L & .1

ADC 0 1+ 1 Addwithoary & A & & e a

DEC 1 V] q [4] Decramant ACC A N £y L .ﬁ“' . o

ING 1 © @ t IncrementACC A A L A - &

NP 1 D 1 0 GomplemamAGC x A o a a e
|one's complament)

SHR1 10 1 1 1-Bitrightshitt x A r\ 4 3 0

SHLT 1770 T 6 0 t1-Bitlensht ¥ A A . 0 a

SHL2 1 1 0 1 2Bitleftshit ¥ A 0 ; o a

SHLs 11 1 0 aBitleftshi x 2 0 FAY ¢

NeHE 1 1 1 1 8-Bifexchange M A 0 I o o

A May be alfected, depending an the results. ¢ Reset

—  Pravicus status oan be held. x Indefinite

Aa -9
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Tabie 5. P-Sefect Field Tabia 7. DSY Fiefd fcont)
Mnemanric Do Dy ALU Input Mnemonic D3 D, B; Dy Destinetion Reglster
RAM 0 o RAM @S0L 1 © 0 0 SOeeralout LSB (Nete 1)
IR 0 1 Intatnal Data Bus (Noto 1) GSOM 1 0 D 1 SO eenal out MSB (Note 2)
[ 1 o M Register @K 170 1 0 KMoy R
N 1 1 N Reglster @KLR 1 . 0 1 1 IDB -r K, AOM — L {Nede 3:
—— @KLM i 1 3 o HIRAM -> K. o
f1) Any vilue on the crchip deta bua. Valua may ba «leeted from .
any ¢f the registers lialed in tabla & sours s register soleotions. €L ) ) a v ke
@NON 1 1 1 i 0 N? register

Table 6. SRC Field @MEM $ 1 1 1 PAK
Moemonlc D, Dg DOs Dg  Source Regleter Notas:
NON ¢ Q o} No regiater {1} LSB lzfasl bl: eut,
e ¢ o 1 AGCA (Accumulator A) . (2} MEB ia firat blt aut.
e & © 1 @ AGCB {Acumulater ) (3 Internst date bus to K. and RCM 1 L register
TR ¢ G 1 1 TR temporary raglater {4y Contents of AAM addraca spacified by DPg = 1. |5 ploced .n K

- reglster, IDB is placed in L {that iz, 1. DFy. DPy DPoDRgh,
DP C 1 ° C DP date pointer
RP € 1 © 1 APROM pointer Table 8. ASL Fleld
({{n] 4 1 1 o RO RO output data Mremonio Dya ACC Seleotion
s8N O 1 1 1 BN sign regisler ACCA P AOCA
on 1 0 0 0 OB dateregister ACCE 1 o ACCE
DRAN= 1 o i] 1 DA no flag (Note 1)
SR 1 G 1 0 SRatalus regisier Table 8. DPL Fleld
SIM 1 C 1 t 9l earial in MSB (Not:Z’]h- Mnamonlc (1 179 D2 Low DP Modlfy (DPg-0P,)
S-IL 1 1 qQ 0 gl serial in LSB (Note 3) OPNOP 0 i} Ho operation
K ) 1 1 q 1 K reglstar DPING - ¢ 1 rorerment DPL
L 1 1 1 Q L ragister 535!5!-3 1 0 Becremert D=L
MER i 1 1 1 FAM DRCLA 1 1 Clear DPL
Notes:
{1 DR te IDB, RGM not set In OMA, DRD not set. Table 10. DPH Field
(2 First bitin gcae 10 MEB, st bitls LS8, Mnemonlc Dyy D33 Dg  High DP Medity
(8 Fist bit poos 1o LSB. last bitto MSB (blt reversed). M0 ¢ © 3 Exc'uaiva OR of DPH (DD}

M T a 1 with thg mask dailned by 14¢

- - J— thrce Bits (D44-Dg) of the DPH
Table 7. DST Field M2 a 1 0 fiale
Moemonlc D3 Dy DBy Dp Destinalion Ragiater M3 a 1 i
@NON a 1} 0 No register M - I a
Gk ) 1 AGCA {Accumuistar A) Ve e
(nT a i G ACCH {Accumuletor B) M5 1 1 0_
QTR ’ 2 S 1 TR 1emporary reglsler M7 1 1 ’ ]
@CP . a 1 (] OP data palnter
@R> a1 1 AP ROM puinter )
@CR ) a 1 0 DR data raglater
@SR Q —1 - 1 SR stotus regeistar

#a—10
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Table t1. RPDCR Field

Table 13. BRGH/CND Fields

Mnemonl¢ Dg RP Operation Mnemonic Dgg Dig Dyg Dyz Dyg Dys Dya Dya Conditions

APNOP a Na cperation JMP 1t B o 0 0 © @ 0O Nacondlion

APCEC 1 Decremant AP CALL 1 o 1 4] 0 e 9 0 Mo condilion
JNTA 0O 1 0 0 ¢ ¢ 0 0 CA=D

Jump/Call/Branch JCA 0o 1 0 9@ 0 0 9 1 GCaA=1

Figurs 5 shows the JP instruction fisld specification,  YN¢® 6 1 o 9 b ® 1 0 CRE=4

Three types of program counter modificationsaccom- B~ 0 1 0 9 0 0o 1 1 CB=1

modate_d by t.he prccegs_or are Iistwd in tablp_12. All th_e INZA g 1 0 0 0 1 C O 7A=0

instructions, if unconditional or if the specified condi- 5, 0 1 a6 0 6 1 ¢ 1 PM=1

tion is true, take their next program executicn address e s s iy e+ e .

from the next address field (NA); otherwise PC = PC +  WNZB ¢ 1 e 9 o * 1 0 ZB=0

1. 2B 01 o ¢ o 1 Z2B="

forthe conditional jump Instructlon, the conditionfielg ~ JN¥A¢ 0 1 0 ¢ 1 0 & 0 OVAO=C

speeifies the jump ceondition. Table 13 lists all the  JwAo g1 4 e 1 4 ¢ 3 VA=

instructien mnemeonics of the jump/call/branch codes.  noveo 8 1 a © 1 o6 1 0 oveo-—1

BRCH or CND values not in table 13 are prahibited JVBO B T 8 O 1 & 1 1 ovBo=1

Load Data {LDI) JNOVAL 6 31 8 © 3 1 0O 0 QVAl-©

: " T JOVAY ¢ 1 @ o 1 1 0 1 0r-1

Flgure & shaws the LD instruction field specitication.

The load data instruction will take the 16-bit value JNOVBI 0 1 & 0 1 1 1 0 QB1-1

contained in the immediate data field (ID) and place it JovB1 ¢ 1 L o0 1 1 1 1 ovBl-1

in the location specified by the destination field (BST)  nsao © 1 © 1 © ©0 0 O SA=0

Sec table 7. JSAQ ©¢ 1 0 1 © O 0 1 SAd=1

Flgure 5. JP insiruction Fleld o ¢ 1 o 1t Db 0 1 0 SBI=0
JaBa 6 1 b t b 6 1 1 8SBA=1

2= 17 13 12 43 a

|I |0I B3CH I GND NA I ! JNSA1 1] 1 o i ] 1 D 0 SA1 =0
JaAL 6 1 B 1 0 1 0 1 SAl=1
JNGBI e + o 1 06 {1 1 a4 sE-¢

Figure 6. LD Instruction Fleld et ot a f 9o f 1 1 seM-t
JOPLO ¢ 1t ¢ 1 1 D ©0 g DPL-C

2 20 5 3 0

| T JOPLF ¢ + © 1 { D O { DPL~FH

[1]1 D - ost _
JNSLAK 0 1 9 1 1 0 1 0 SIACK=¢
JSIAK 0 1t @ 1 1 0 1 1t SIACK=1

Tabhle 12. BRCH Field JNSORK a 1 o 1 1 * 0 © SDACK=1D

Do g Dy Branch Instructlon JEOAK g : ° ! ! ! a 1 SOACK= 1

1 e a Uncond:t.ona’ jump JNRGM ¢ 16 1 1 1 1 B ReM=0

; c I BOM__ @+ ® 1 0 1 1 1 RMe

0 ‘ ‘ A‘l. cor a Cenditianal jump -
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ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings Capacitance
Supply voltags, Voo Parameter Symbol Min  Max Unkt Conditlons
77C20A -05ta =7LV
77208 -0sto+7py O EOK o 2 F wIMNE
77F20 -03ta 70V i I
" ; Input pin Cin 19 pF
f'wgrqmmlng veltage, Vpp (77P20) 0810 v22Y¥ copacitance
Input vellage, V)
77C204 -0Btolge + 05y OuPutpln Cour @ pF
77204 -05ta ~7.0V P
70 03to =70V
Output voltags, Va
77C20A 0S5to Voo + 0BV
77204 05t -70Y
7eP20 ~(.3t0 =70V
Operating temperature, Topr
77C20A --4D10 +85°C
TI20A, 7TP20 -10to =70'C
Storage temperature, TaTg -85 t¢ +150°¢C
Exposing the dovico 1o stresses sbova those listed In Absolute
Maximum Ratings could causs parmanan? damege. The davice la not
meant o ts operated undar conditions outeide the |Imite describad
in the operatianal zactlene of thie epecification. Exposure 16 shsolte
maximum rating conditlons far cxtended perigds may slfoct dovies
rallabllity
DC Characteristics
To, = -101e +70°Ci Voo = +5V =5%
Paremetor Symbol Min Typ May Unit Conditlons
fpul low voltags Vi
T7C20A -0.3 a8 v
77204, 7?7P20 -0.3 o8 ¥
Ihput high voltage Viy
77C20A 22 Vo + 03 ¥
T720R, 77P20 20 Ve + 05 v
CLK low veltags Y.
77C20A -0.3 045 v
77204, 77P20 -0.5 0.4% ¥
CLK high veltage YaH
T7C20A 35 Voo 103 ¥
T720A, T7P20 25 VYoo + 05 v
Cutput low vatiage YoL 0.45 v lo) = 2.0 mA
Qutput high voltage YoH 24 ¥ loy = -400 pA,
hpul load currant NP 10 WA Vy=Ov
Inpul load aurient ILIK 10 A V= Yer
Output flost leaxage ILaL -10 uA Vour =047V
Output float laaxaga ILoH iQ UA Vour = Yoo

43 -12
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DC Characterigtics {cont)

Parameter Symbal Min Typ Max Unit Condltiona
Powst supply currend lce

77C294 2¢ an mA foLk = 8,192 MHz

77204 120 170 ma

77P20 7l 3A mA
Vpp curéent (77P22 enly| |25 0 mé Program mode max puke

current (Nata 1)
a.s 3.0 mA Program verlfy, Inhlblt (Note 2)
Notea:
(i) Vpp = 21 OS5V
(2} For Klavel parts: Vipmax = Voo -08YV) — 028V
Vpp min = (Voo -D6YV) -0.20V
Fot all ntaer siep lovek: Ypp max « Voo + 0.25Y
Vpp min = Voe -0.65Y

AC Characteristics
To =-1010 +70Ci Vop = +5V =5%
Parameter Symbol Min Typ Max Unit Conditions
CLK cycle time poy

F7C20A, 77205 126 20C0 ns

77P2D 122 2000 ns
CLK pulsc width ®D a0 ns Nete 4
CLK rize time (0] 13 ns Nete 1
CLK fall time ¢F 13 ns Nato 1
Addraes setup time for B0 tagr o ne
Addraee hald time for RO thA ] ne
FD pulse width tRR @50 ne
Data delay from RD tRD %0 ne C = 100 pF
Read tc cala floating IpF ic 1c0 ns G = 10 pF
Addrasa setup time for WR taw 14 na
#ddresa hold time for WR twa 0 ns
WR pules widih ww 250 ns
Data setup time for WH 1Dw 60 ns
Data held time tor WA two Q ns
RAD. WR. raccvary time iy 250 ns Nete 2
DA delay 1A 150 ns Cp = 10D a7
CALK delay time 1DACK 1 [ale] Nxe 2
CASK pulze widih oo

F7CZ0A 25C

TT208 250 2030 rs

T7F20 25C G0,00C ns
SCK eysle tima taoy 43¢ bc ne
SCK pules widlh K 239 ne
SCKrisadall t:ma tRectFas 2u ne

13
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AC Characterlstics {cont)

Paramsinr Symbol Mn Typ Max Unit Conditions
STRG delay toRo 0 160 ns C, = 100 pF
SGEN ho'd time o 'tc.s‘om - 30 ns
S0EN satup tima tse.; o S0 ns
éﬂ_d;’w from SCK = lcw tocK 150 ns
20 de'ay from SCK beforc tpzag 20 300 ns Nole 2
1stbit (Net2 3)
SO detay fram SCK tree o 800 ne Neto 2
80 detay foe SOEN toze 20 - 18C " e Neto 2
SOEN to SC fleating thze 20 200 T e " “Netaz
SGK to 50 floating with Yo 20 o s Nota 2
SORQ high
50 delay from BOK far 70 70 300 n " Note 2
last bit
EIEN, 51 sctep time ‘D(‘:. ss ns Nots 2
STEN, 51 hold time ten 50 o ns
Po, P4 delay top T Py T ns

- 15p
F3Y pulso width trsT 4 o pcy
INT pulsa width T B pov
Holes:

(1) Veltage al timing measuring peint: 1.0 and 9.0 V.

1) Veltaga at ac timing mewsuring point:
ViL = Yo = 08Y
ViH = Vo = 20V

(21 80 gose cut of trletate, but dalea | not vatid ye!,

[4) Pulsa wkith Includes CLK rise and tal] times. Refar 1o Chkick
Timing Wavafarm.

14
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Timing Waveforms

{npui Wavetorm ol AC Test {excep! CLK)

DMA Operation

24

a2 K X

DRD-7 N

Clock

CLK

bne

AVRO-THA

16-81t Transter Mode

RHy DA; __...._,.......__g

BSHO- 1IN

DACK f\
A

L—'mcx U]

)

Write Operalion

DRG
BIFDIN A
Port Outpid
ax _/_—\ﬂ
————Ipp
Pp, Py

Ag. o= )‘
DACK K

[FYTVRE [y -
’n—tww—p
WA
;-c—:[)w_;--um-a-l

DBg-DE; X ;EC

A0

|<— Twa

Reset

RST

b §
!

1R [—»

R0 TN
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Timing Waveforms {cant)

Read/Write Cycle

tnierrupt
ar ' X
e
ST
SERIAL TIMING

Serial Output, Case 1

Figure 7 shows serial autput timing when SQEN is
asserted in rasponse to SOCRQ when SCK Is low. Il
SOEN is held inactive until after SORQ is asserted, and
then SOEN is asserted while SCK is Ipw (SOEN should
be held inactive until the pariod of tggo after the falling
edge of SCK}, SO will bscome active but nat valld tpocc
after the next rising edpe of SCK. SO witl become valid
with the first bit kgck after the next falling edge of SCK
for use by an external device at the subsequent rising
edge of SCK.

Subsequent bits will be shiftad out tpey &fter subse-
quent falling edges of SCK far use at subsequent rising
edges of SCK. The last bit to be shiftad out will also
follow this pattern and will be held valld tyzpa after the
coriasponding rising edge of SCK at which itis to be
used, SORG will be held tppg after this sams rising
edge of SCK and then remaved. SCEN should be
moleased at least tzgz before the nexi falling adgs of
SCK.

“Ax-18

Serial Qutput, Case 2

Figure 8 shows timing fFor serial outgut when SOEN is
asserted in response 10 SORQ when SCK is high. If
SOEN is held Inactive until atter SORG is asserted, and
then SOEN is assertad while SCK is high {at least teae
befers the falling edge of SCK), SO will become active
I>ut not valid tozg after the falling edge of SOEN, S0 will
become valid tpox after the falling edge of SCK lor use
by an extarnal device at the subsequent rising edge of
SCK.

Note that although figure 8 shows SOEN being as-
serted during a different SCK pulse than the nne in
which SORQ is asserted, it is parmissible for these to
accur during the same pulse of SCK as lorig as SOEN is
still asserted tage before the falling edge of SCK, The
timing for the second through the last bits isidentical to
the timing shown in figure 7.

Serlal Qutput, Case 3

Figura 9 shaws output timing when SOEN is active
before SORQ is high. If SOEN i¢ held active kbefore
SORQ is high, data will ba shifted cut whenever it
becomss available in the serlal cutput register {assum-
ing previous data is already shitted ouf). In this case.
SORQ will rise tppq after a rising edge of SCK. SO will
hecome active (but not valid yet) tpzpg afler the same
rising edge of SCK. The first valid SO hit occurs tpoyk
after the next falling sdgs of SCK for usa by an external
devica at the subsaquent rising edge of SCK.

Subsequent bits will be shifted aut tgek after subse-
quent talling edges of SCK for use at subsequent rising
odges of SCK. The last bll to be shifted aut will also
foflow this pattern and will be held valid tzpp after the
corresponding rising edge of SCK at which it is to be
used. SORQ will ba held t.pq after thls same rising
edqge of 8CK and then removed.
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Figura 7. Sorisi Oulpul Case 1: SOEN Asgerted in Respansge to SORG When SCK Is Low

1rsC
SOEN \
ZL
L
I tock IDCk: > € —
tosa torse " QRO
4 4 I 4 ™ X
T Acdve, FirstBit Sacond 0 Last Bit
sc § macvaic A Valg Last Bil Valg Walid ,2_
jd KORD-7TIER

Figure 8. Serial Output Case 2: SOEN Asserted in Rosponse {0 SORQ When SCK Is High

= Y
0RO ] (DRC —ra—
i

-/

l r24

SORQ
he—»-- ts00 - sac
SOEN \
K 24
Aclive, "
Net Valid™, | _,_I ~<— 10CK <—»—IDCK  IDCK —few HZRO
H LL
- - 4 14 n p
Firsl Bil Las: B4 i
SO Vallid )g X Vaid
K e 2
4
—n IDZE
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Flgure 9. Serial Output Cass 3: SOEN Active Before SORQ is High

TN NN
MR - - 1DRG —= =
1L
rrd
SDRQ
§TEN 5
10ZHD — ~—— 1DCK — I(—mek IDCK—— = 14ZRG
- - S yr—
- Adtive, 1 irst Lit - LastBur
S0 . ot Valid X Vahd )i . x\ valid jih
i AM-A'R

Serial Qutput, Case 4A

Avoid releasing SOEN inthe middle of atransfer {that is,
before the last bit is shifted out), since this will stop the
output shilt operation. When SOEN is again asserted,
the remainder of the transfer will be shifted out betore
the next transfar can begin. The next transfer will beglin
immediately without any indication of the bylefvard
boundary. If SGEN is releasad while 8CK is high ffigure
10) at least tgoc befarathefalling edge of SCK, then SO
will ga inactive tyzz after SOEN is released {which may
be bafore ar after the talling edge of SCK).

Serfal Output, Cass 4B

If SOEN is released while SCK is low (figure 11) at least
{can after the falling edgs of SCK, then the naxt bit veilt
be shifted out tpqy after the falling edge of SCK for

useat the subseguent rising edge of SCK S0 will then
go inactive tyzsg after this rising edge of SCK,
Note: For all i1 uses, SOEN must 1ot change state wilkin

tsoc befors o togn after the falling cdge of 5CK
atharv/Ise, the tesul's will be \ndelcrminate.

Serial Input

Serial input timing {figure 12) is much simpler than
serial output timing, Data blls are shifted in on the
rising sdge of SCK if SIEN is asserted. Both SIEN and
Sl must be stable at least tpg befora and top after the
rising edge of SCK; athenvise the results will be inde-
terminate.

Figure 10. Sorial Output Caze 4A: If SOEN Is Released in the Middie of a Transter During SCK High

o /

/

High 7

~—130C
S0En /
I«fl HZE—»
50 Ve d ;}

AR 13863




NEC

#PD77C20A, 7720A, 77P20

Flgure 11. Serial Output Case 48: If SOEN is Released in the Middla of 2 Yransfor Doring SCK Low

|
O
m
Zz

/ N\

/

= IR7SC

" ) lHgh-£

FISDTIE L

Flgure 12. Serlal Input

—

4
80 ; \ /
I
£
»— o e—" (5[ —]
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Serial Timing Example

Figure 13 shaws serial timing of cascaded SPIs with a
common SCK, $O from the firet SPI equals SI of the
secand, and the first SPI's SORQ Inverts 10 become
SIEN of the second SOEN of the first SPI is always
asserted.

When cascading two SPls in the described configura-
tian, most of the timing involved is directly copied Irom
the case of serial output with SOEN always enabled
{tigure 13). 1t must be shown that the results witl be
suitable for the serial input timing of the second SPI.

(1) SORQ{1) rises tnpx after a riging edge of SCK, and
it is inverted {inverter has tpy, delay time) 1o
become SIEN(2), which must be slable tpe before
the next rising edge of SCK. It also must not
change untlltep after this first rising edge of SCK
as shown by case 2 in figure 8,

tora {Max} + teAL + toc (MIN) < tgey {MiN)
tpuL (Mad) = tgoy {MiN) - tac {Min) - {cra (Max)
= 480 - 55-- 130
% 275 ns {readily achieved by 74L.514,
for example)

i2) SORQ(1) is relcased tgpg dfter the last usetul
rising edge of SCK and Is Inverted (inverter has
tpy_ delay time) to berorme SIEN{Z), which must
remain stable tgp aftar the rising edga of SCK.

tope {Min) + teLy (min) = top (Min)
tpLy (Min) = tgp (min) - tppg {min)

v v

0 {no problem, assuming causality)

Note: Thiz alsa shows tpy (inin) = 0 for tha rising adga of

SORG,

M

19



pPD77C20A, 7720A, 77P20

Figure 13. Serial Timing Example
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i 1CD
) 1L

4
501181 ———————{  i5ivais X
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Fira1 B4
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£8
am
~
T‘
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{3} SC(1) is valid tpeok after a falling edgs of SCK;
since It becomes SI(Z), It must be valid tpe before
the next rising edge of SCK.
took (Max) + tpg (min) = tsey {min)

150 = &5 = 230
205 = 230 (thiz condition is
satisfiad)

(4 SO(1) remains valid tyzpg ater the last usefud
rising edge of SCK; since it bacomes SI{2), it must
remain valid top after this rising edge of SCK.
tHzra {MiN) =ten {Min)

70 = 30 {this condition is satisfied)

Note: The abova calculations may nesd tc ba adjusted for

rlse and Falltimes, since tgpy 81d tgoy ara maasurad for
midpoln:s cf vave slopes.

sPD77P20 UV ERASABLE EPROM VERSION

Function

Tha 77P20 operatss from a single +5-volt power supply
and can accordingly be used in any ?7C20A77204
masked ROM application,

Use of Evakit-7720

The lollowing sections describe electrical conditions
that are required far programming the 77P20, Howaver,
the Evakit-7720, NEC's hardware emulator develop-
ment tool for the 77C20A/77204/77P 20, meets the slec-
trical and timing specifications presented below. When
the Evakit-7720 is usad for pragramming 77P20, &ll data
transfers and formatting are handled automatically by
Evakit's monitor program. Please refer to the Evakit-
7720(B) User’s Manual for pregramming procedures,

The informallon presented below in the sections an
Configuratian, Operation, and Programming (and the
various subsections} is required only for users who do
NOT Intend to use an Evakit ta program the 77P20,

Configuration

Data transfer tor programming and reading the internal
ROM is partitioned into three byles lor each 23-hit wide
instruction location and into twa bytes for each 13-hit
wide data location, Partitioning of data transfer Into
and out of the data part Is shown In figure 14.
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Frgure 14.  Insiruction ROM Farmat Figure 17. Transter of Data ROM Data
vse _ DmePan T € 5 4 3 2 1 0O
[ [ _1e]m|1a]16]te] Hgnepa 12| 1 |w|s a7 ]e]s
L A Kl N N KN ER A RN

[Flale s 7 e s]«|s 2]7 e]

Instruction RCM

Thex instruction ROM data is transferred through the
data port as a high byte, middie byte, and low byte as
shown in figure 15. Bit 7 of the middle byte should be
assigned a value of zero. Data is presented to the data
portin a bit-reversed lormat. The LSB through the MSB
of an instruction ROM byte is applied to the MSB
through the LSB of the data port, respectively.

Data ROM

Figure 16 shows the data ROM format. The data ROM
data is transferred thraugh the data port as a low byte
and a high byle as shown in figure 17. Bits 0, 1, and 2 ot
the low byte should be asslgned avalue of zero. Data is
prasgntad to the data port in corresponding order. The
MSB through the LSB of a data ACM byts is applied to
the MSB through the LSB of the data port, respectively.

fnitially and after each crasure, all bits of the 77P20 are
in the zero state.

Figure 15. Transfar of Instruction ROM Data
Dota Pert 7 6 S 4 3 -2 1 a

* Sette 0 os dumprey gaia.

Operating Mades

In order ta read or write the instruction or data RCOMs,
the modle of operation of the 77P20 must be initiually set.
At the RST trafling edge, the RD, WR, and TS should be
logital zero and the DACK, A, and S| signals should be
set Lo determine the mode of operalion accardingly. as
set out in table 14.

Tabie 14. LPD77P20 Operation Mode
BACK A9 8

¢ a o Wr:1e mode Instruction and deta ADM
o C 1 Read the instructicn RCOM
1] 1 ] Read the dats AOM

Once set, the 77P20 will remain in the selected mode, A
reset is required to transfaer to another mode.

Write Mode

The individual instruction ROM and data ROM bytesare
speclfled by control signals RD, Ag, S1, and INT as set
out in table 15. Belore wriling the EPROM location, the
bytas shauld be loaded accordingly.

High. Byte [5 | % . 17 I 183 19 Tz I 21 | 22 I Table 15. Write Mode Specitication of ROM
i H X Bjdes
idieBte [« [ & | o |0 | 1 12 ] 33 | 14| RD Ay 81 INT
' 0 0 1 Write inslructicn byle, h'gh
Low Byte | o | 1 | 2| 3 | 2 I 5 I p | 7 | 1 0 1 Q Write Instruction byle._:_a‘;.écj%l-e_;"_
* Setlo 0 as dummy date 1 0 1 W"‘_GI i"_’“:.N:iD"l byle, low
1 1 _:I_ B 0 o '.‘h'.le_ cati_w.e.bw
Figore 16. Data ROM Format 1 1 o 1 Writa cata byts, high
MEB LSB
|12_11 10 9'|e|7:s s|¢|3|a|1lo] Read Mode

The instruction ROM and data ROM bytes are specified
by the control signals RD, Ap, St and INT as set out in
table 16. Reading is accomplished by setting the con-
tral signals accordingly.
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Tabie 16. Apad Mods Specification of ROM Bytes

A Ay Sl INT

4 o 4] 1 Frad instraction byts, high

C o 1 0 Fuad instraclion byte micdle

s o 1 Frad instruction byte. low

1 v o O Fexd dala byte, high snd low

The instruction ROM and data ROM are addressed by
the B-bit program countsr and the 9-bit ROM pamnler
respectively. The PC is reset to COCH and is automati-
eally incremented to the end address 1FFH. The RP is
reset to 1FFH and is automaticaly decremented to
DOCH.

Erasing

Programming can oceur only when all data blts are in
an erased or low (0) levsl state. Erase 77P20 pro-
grammed data by exposing it te light with wavelengths
shaorler than appraximately 4000 angstroms. Note that
conslant exposure to dirgct sunlight or room level
fluorescent iighting could erase the 77P20. Conse-
guantly, if the 77P20 will be exposed to these types of
lighting condltions for long periads of time, mask its
window to prevent unintentional erasure.

The recommended erasure procedure far the 77P20 is
exposure to ultraviolet light with wavelength of 2537
angstroms. The integrated dose (i.e, UV intensity x
exposura time) for erasure should not be less than 15
W-sfem?. The erasure time [s approximately 20 minutes
using an ultraviolet lamp wilh a power rating of
12,000 uW/em2,

During erasure, place the 77P20 within 1 inch of the
lamp tubes. If ihe famp tubes have filters, ramove tha
filters before erasurs,

Fragramming

Pragramming of the 77P20 Is achieved with a single
50-ms TTL pulse. Total programming time for the 14,776
Lits of instruction EPROM and also for the 6630 bits of
data EPROM is 26 seconds. Data Is entered by pro-
gramming a high level Inthe chasen bit lecations, Both
instruction AOM and data ROM should ba pragramnmed
sincc they cannot be erased independently. Both in-
struction ROM and data ROM programming modes are
entered in the same manner.

The device must be reset inltially betare it can be
placed into the programming made. After reset, the Wi
signal and alt other inputs (AD, CS/PROG, DACTK. Ag, 81,
and INT) should be a TTL low signal tpg prior to the
talling edge of RST. WR is then held for tg;, bafora being

set to a TTL high-level signal. The devlee is now in a
pregramming mode and wili stay in this mode, allowing
ROM Iocations to be saquentially programmed.

Programming Mede of Inatruction ROM. Instruction
ROM locations are sequantially programmed from ad-
dress 00GH to address 1FFH. The location address is
incremented by the application of CLK for a duration of
tgy. Data bytes for each Iocation as specified by
control signals BD, Ag, 81, andINT {table 15} are clocked
into the device by the lalling edge of RD.

After the three bytes have been loaded into the device,
Vep is raised to 21V 0.5V, tyg prior to CS/PROA
transitioning to a TTL high-level gignal. Vge is held for
the duration of tpppg plus tpry before returning to the
Ve leval. After tppgy, the instruction ROM address can
be incremented to program the next kogation. Figure 18
shows the programming mods of instructicn ROM
tirming.

Programiming Mode of Daia ROM. Data ROM [ocalions
are sequentially pragrammed from address 1FFH to
address 000H. The location address is decrementad by
the application of CLK for tcy. The data bytes for each
location as specified by control signals RD, A, S, and
INT ara clocked into the davice by the falling edge of
RD.

After the two bytes have been loaded inte the device,
Ypp is raised to 21 V, 0.5V typg prior to CS/PROG
transltloning to a TTL high-level signal. Vpe is held for
the duration of tprpg plus tpry belore returning to the
Voo level After tppey, the data ROM address can be
decremented to program the next location. Figure 19
shows programming mods of data ROM timing.

Read Made. A read should be pertarmed to verify that
the data was programmed carrectly. Prior to sntering
read made, the device must be reset.

Read Mode of Instructicn ROM. This mode is entered
by holding the WH signal at a TTL fow lzvel with the S|
signal ata TTL high leve! and all other specified inputs
{RD, CS/PROG, DACK, Ag, INT) at TTL low levels for
tecps priortothe falling edge of RST, WH Is Lthen heldfor
trsy before being setto a TTL high level. The devica is
now In the Instruction ROM read mods and will stay in
this mode until resst.

Instruction ROM locations are sequentially read from
address Q0CH through 1FFH. Application of CLK tor t g
will increment the location address. The thres data
bytes will be read as spacifiod by the control signals
AD, A, Sl, and INT {tabla 16). Figure 20 shows read
mode of instruction ROM timing,
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Figure 18. Programming Mode of instraction ROM
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Figura 19. Programming Mode of Data ROM
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Figure 20. Read Mode of Instruction ROM
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NEC

Figure 21. Heaxd Mot of Data ROM
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Read Mode of Data ROM. Figure 21 shows read mode
of data AOM timing. This mode is entersd by holding
the WR signal at 2 TTL tow level with the Aq signat at a
TTL high level and all cther specilied inputs {RD,
CS/PROG, DACK, SI, INT} al TTL low levsls for tcops
prior to the falling edge of RST. WR and Ag are then held
for tgops prior to the falling edge of RST. WR and A are
then held for tpew Refore being set to a TTL high level

26

and TTL low lavel, respectively. The deviceis now in the
data ROM read mode and will stay in this mode until it
is reset,

Data ROM locations are sequentially read fram address
1FFH through O0OH. Application of CLK for 1y will
decremant the lacation address, After the address has
been decremented, Lhe low byte of the current tocation
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vill Yo available at the data port subsequent to atein
delay. Applicatian of AD will present the high byte tppy
from tha falling edge of the RD pulse. RO isthen applied

Read Operation, AC Characteristics
Ta = 85°C +8°C; Viag = 5V *5%: Vpp = VYoo = 0.25V max;
VEp = Vas —CB5Y min

for tpyy to complete reading of the current location. Parameter Symbol Min Max Unit Conditions
Data acceas time from  tg p 1 s
CLK
Deta delsy tima from  teop 1 e
ShLINt
Data flot time from SI,  t¢opr < ne
INt
SUINT pulse width  tooco o
AL reaavery tima tays T s ne
Uste accsse time from g 153 ne o
gEt? float lime from toFq 10 ne
Pregramming Operatlon, AC Characteristics
To = 25°C =5°Ci Vg ® 5V =5%; Ypp = 21 ¥ =05V
Parametsr Symbol Min Typ Mox Unit Conditlons
CLK cycla time tey 240 na
CLK setup tima te RO telr 2 ’ i “pa
CLK Fold time from RST 4 tsoL 8 e
CLK hald time from PROG S T— 200 ns
Control gignel set-up tima to RST ¢ ‘C;I;: 1 o 7
WA hold tima from RST+  tpsw 8 s
Dats s&-up fima from FD 4 R o P '—' us
Cwria Fold time from AD « thp T o ne
AD pulse width tm—“- T T - ue
51, INT set-up t'ma irom RD ! tash 100 ns
81, INT hold time from AD § trco 100 ns
Eaeel-uptimto PROG t tren 100 na . T
R0 hold fime trom PROG 4 tpra z e )
Viap sk ap time t PROG 1 bipr 2 ke
Vap hold time from PROG § tpps 2 ke
FAT pulea width tnsT4 4 tev i
PROG auke widt tpAeR 45 50 8% e T

Operation Made

The 77P20 may be utilized in an operation mode after
the instruction ROM and data ROM have been pro-
grammed, Since it was first introduced In 1982, the
77P20 has undergene several mask revisions to im-
prove manufacturability andfor function. And since the
purpose ofthe 77P2Dis ta runany program that may be
programmeud in the masked ROM 77C20A/7720A, it is

important ta know how o determine the step levels and
the differences betweean them.

Step Level

The markings on the pPD77P20 package consist of
three lines, as follows:

HBo- 27
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NEC

NEC JAPAN Manufacturar
D77P20D Part Number
nnnRXnnnn Date code

Inthe date code, “X™ identifissths step level of the part.
Parts marked with step level K, E, or P should not ba
used for final system lest by customers who are plan-
ning to submit code for the masked ACM 77C204/
7720A.

On all ather 77P20 step versions, a slighl functlonal
change was made, and the change is incorporated in
the 77C20A/7720A. The change ailows the serial clock
(SCK) to run asynchronously with CLK. Specitied ver-
sions of 77P20 (ie. K, E P) and all Evakit-7720s and
Evakit-7720Bs (Evaluatian Systems for 77C20A/ 77204/
77P20} require that SCK run synchranously with CLK

Because this functional change results In a slight
change in internal serlal timing, It i3 mandatory that
code te be submitted for 77C20A/77204 be verified in
customer's system using verslens of 77P20 other than
thase listed above (ie. K, E, P).

Pin 1 Connection

The K mask version requires that the programming
voltage Vpp be supplied In a different manner than far
all later versions, as shown In figure 22. A silicon
junctian diode of 0.6 V forward voltage (Vg) should be
used. A should he &4 to 1800 (2 to satisfy the Vpp and
Ipp requirements.

In all mask verslons other than K, pin 1 must be
connected directly to Voo,

Figure 22. Ypp Circuitry for K Mask Version

¥pp = Yop - (0.6 £0.25¥
Ipp =05 AEMA

LIRDI0A

DEVELOPMENT TOOLS

For software development, assembly into object code,
and debugging, an absolute assembler and simulator
are available. The ASM?7 Absolute Assembler and
SM77C25 Simufator for analyzing development cade
and )0 timing characteristics are available far systems

Ta- 28

supperting CP/M¥ and CP/M-86%, I1SIS-18, or MS-DOS&
opsrating systems. Additionally, the ASM77 Absolute
Assembler is offered in Fortran source code for min
and main frame camputer systems.

Once software development is camplsate, tha code can
be completely evaluated and debugged in hardwars
with the Evakit-7720 Evaluation Systerm. The Evakit
provides trus in-circuit realtime emulation ot the SF|
for debugging and demonstrating your final system
design. Code may be down-doaded to the Evakit from a
development system via an RS232 port using the EVA
communications program. This program is available in
executable form for ISIS-Ii systems and many CP/M,
CP/M.B6, and MS-DOS systems. The EVA communica-
tians source code is ako available for adapting the
program te other systems.

The Evaklt alsa serves to program the ?7P20, a full-
speed EPROM version of the SPl. The 77P20 may also
be programmed using PATA /0 “Unisits” and "2800
Programming Systems." LIbrary routines fer commen
DSP routines such as N-stage IR (biquaaratic) and FIR
{transversal filters) ara available on disk (free). Other
hardware interface test routines as well as a Software
Develapment Took Gt are also avallable.

Further operational datails of the SPI can be found in
the PD77C20A/7720A/77P20 Signal Processing iner-
face Design Manual, Operation of 1he SP| development
tools is described in the Absolute Assemblar User
Manual, the Simulator Operating Manual, and the
Evaklt- 7720 User's Manual.

SYSTEM CONFIGURATION

Figures 23, 24, 25, and 26 show typlcal system applica-
tions for the 77C20A7720A/77P20 SP1,

Flgure 23. Spectrum Analysis System
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Figure 24. Analog-to-Anslog Digiiat Processing  Figure 26. Signal Processing System Using $Pis
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