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ADVANCE INFORMATION
HMOS
MICROCOMPUTER/MICROPROCESSOR (MCU/MPU) FHCGH-DENSI]
N CHANNEL , SILICON CATE
MICROCOMPUTER/
The £F6801U4 is an 8-bit single-chig microcomputer unit (IMCU) MICROPROCESSOR
which enhances the capabilities of the EF6801 and significantly
entharices the capabilities of the EFG800 Family of parts. It includes
an EF6801 microprocessor unit (MPU) with direct object-code com-
patibitity and dpward object-code compatibility with the EF6800. CASES
Execution times of key instructions have been improved over the CB-182
EFB800 and the new instructions found on the FF6301 are included.
The MCU can function as a monolithic microcomputer or can be ex-
panded to a 64K byte address space. It is TTL compatible and requi
res one + 5 volt power supply. On-chip resources include 4096 bytes !
of ROM, 192 bytes of RAM, a serial communications interface (SCl}, 40 P SUFFIX
parallel 1/0, and a 16-bit six-function programmable timer. The 1 PLASTIC PACKAGE
EFB803U4 can be considered as an F FBE01LI4 operating in modes
2 or 3 ; e, those that do not use intarnal ROM. €B-521
® Enhanced FFA800 Instruction Set m
® Upward Source and Object Code Compatibility with the EFG800
and EF6801 FN SUFFIX
® Bus Compatibility with the EF6800 Family PLCC 44
® 3 x 8 Multiply Instruction
® Single-Chip or Expanded Operation to 64K Byte Address Space
. Inlgrnal Clock QE(l_eralor with Divide-by-Four Output PIN ASSIGNMENT
® Serial Communications Interface (SCI) \_J
® 16-Bit Six-Function Programmable Timer Ve @ whe
® | hree Output Compare Functions xraLif]: sfisc
e Two Input Capture Functions oA N S
® Counter Alternate Address ExTaLz g BEsc
® 4096 Bytes of ROM (EFB801U4} N4 3l eac
® 192 Bytes of RAM g ] P31
® 32 Bytes of RAM Retainable During Power Down _ -
® 29 Paraliel 1/0 and |wo Handshake Control Lines RESTT e P
e NMI Inhibited Until Stack Load vee - ERY 0 kK]
& Complete Development System Support on DEVICE ® 220 & K] o I
® —40°C 10 85°C Temperature Range 7l B s f1Pas
P22 o 31 [IP3e
211 K KS% 1 REXTS
p2a ]2 a5 Pag
P13 ss[lPan
RN ] s iraz
P12 [fis 20 []P43
P13ge mraa
P14 241 ras
Pis e 23[1Pa6
P16 19 e fpas
® ) p17020 21pvee
DEVICE is THOMSON SEMICONDUCTEURS’ development/emulation 1o0l. Stanidly
43 - 45, Avenue de I'Europe /8140 VELIZY-FRANCE Tel (1) 39.46.97.19 Telex : 240780F
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EF6801U4 MICROCOMPUTER FAMILY BLOCK DIAGRAM

-5 —
CuE g
= Slofn
FLxT . {Em
Lol b——— o
Expanded Multipiexed MPU
£xpanded Non - Multiplexed
F Single Chip
P37 AF/D7 D7 G ] > p2p TING 170
P36 A6'DE D6 110 wew Mux Port | > £21 TOouT1 110
P AbDbH Db O - pg” <:> 2 - P22 SCLK 0
P4 2404 DA 11O €] > P23 RDATA 1°D
P33 AZ D3 02 10 -] > P24 TUATA 1'Q
P32 A2.02 D2 1'0 - el
P31 ALDY D1 10 +
P30 ACDO DO 1O g
502 RV RW 053 -] K sC
5C1 AS 108 51 -]
T
pa7 Al A7 O - —» p1g TIN2 )
P46 Al4 46 110 -] X Address b ™ P11 TOUTZ 1D
P45 A3 A5 1O ] Pg" ‘1’” -« > P17 ours 1o
P44 AtZ AL 170 e i3 o
P43 ATt A3 17Q -y e ————3» P14 i)
Pa2 A10 A2 17O - ——————————p P15 110
P4l A9 NI 2 2 Data > fe————— > pi5 170
P40 A8 AD 1O U 111| e———— ———— 3 P17 ]
.\ 4096 x 8
‘R,xs ROM
AM {See Natet
28
Ve Standby = swanaby
RANM
NOTE : No functioning ROM in EFB80304.
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EF6801U4 ¢ EF6803U4

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage vee -03t +7.0 V
input Voltage Vin -031w0 +7.0 Vv
3 t T T A T T T = This device contains Circl-tey 10 protect the in-
perating emperature Hange A H o T ¢ puls agains) darrage due fe mgh stabc voltages
EEESOAB/TO/%%‘UQEFGBOUO3U4 1. 0 to 70 or electne tields; however. 1115 adwised that not-
- al 2 1, > I f
EFB801/0304, EFEB01/03U4-1 - v suffix 40 10 85 ma ptecau\\orv‘s be taken tc avod apphcation o
- any voltage higher than maximum rated voltages
Storage Temperature Range Tstg ~55 10 + 150 °C 10 this high impedance circut. For proper opera
uen s recommended that Vip sud Vo be con
THERMAL CHARACTERISTICS straned 1o the range Vg < iV in of Vgu! = VOO
— - -1 " input protection 18 enhanced by connecnng
Characteristic Symbo} Value Rating unused mputs 1o ether VD or VSs
Thermal Resistance -
Plastic 8n by RN
PLCC 100

POWER CONSIDERATIONS

The average chip-junction temperature, T, “C can be obtained from
Ty=Ta+1Pped Al Rt
Where
Ta=Ambient Tempeature, “C
8 =Package |hermal Resistance, Junchon 1o Ambient. “C/W
Po=PiNT = PPORT
PINT=ICC X Ve, Waus — Chip Internal Power
_PpgRT=Port Power Dissipation, Watts — User Determined

For most applicatons PpoRT < PINT and can be neglected. PPQRT may become sigmificant if the device is configured to
anve Dariington bases or sink LED loads

An approxamate relationship between Po and T ¢f PpORT 15 neglected! is

Pp=K~-({Ty+273°C) (2)
Salving equatons 1 and 2 for K gives
K=PpeiTa+273°C) + 0 A0PD2 3

Where K 1s a constant pertaining ta the pariicular part K can be determined from equation 3 by measuring Pp tat equilibrium)
for a known Ta. Using this vaiue of K the values of Pp and T can be obtained by solving equations (1) and (2) neratively for any
value of T

CONTROL TIMING (Ve —50V +5%, Ves=0,Ta=01tw 70°C)

EF6801U4 | EF6801U4-1|[EFG8A01U4
Characteristic Symbol | EF6803U4 | EF6803U4-1|EF68A03U4 | Unit
Min | Max| Min| Max { Min | Max
Frequency of Dperation fo 056 10| 05] 1.25f 0b | 15 |MHz
Crystal Frequency fxtaL | 20| 40| 20| 50 { 20 ] 60 |MHz
External Osciltator Frequency 4 fq 20| 40| 20| 50 | 20| 80 |MHz
Crystal Oscillator Stertup Time e - 100 - 100 - 100 ms
Processor Control Setup Time tpPCsS 2D0 - 170 - 140 - ns
3/44
THOMSON SEMICONDUCTEURS
117

This Material Copyrighted By Its Respective Manufacturer



EF6801U4 ¢« EF6803U4

DC ELECTRICAL CHARACTERISTICS tvec-50 vde - Vsg =0 Ta T o T uniess otherwise noted)
EF6801/03U4-A01/03U4 EF&6801U4/6803U4
0° to + 70°C - 40° to + 85°C
Characteristic Symbol Min Max Min Max Unit
Input High Voltage RESET | vy Vg~ 40 vee Vs +4.0 vee v
Other Inputs* Vgg 2.0 Voo Vyg=2.2 vee
Input Low Voltage All Inputs* Vi Vgg-03 Vgg+0.8 Vgs U3 Vgg+08 vV
frput Load Current (V;n=0 10 2.4 Vi Fort4 hn 05 - og mé
SCI 08 10
Input Leakage Current o
(Vin=0105.5V) NMI. IROT. RFSET| 14 25 5.0 A
Hi-Z 1Off-State) tnput Current
(Vin=051024V) Port1, Port2, Fort3 | Iyg; 10 20 P
Qutput High Voltage
(lLopd= - 65 wA. Voo = Min) Port4,5C1,8C2 | vy | veye24 Vgg- 74 v
(I oad= ~ M kA, Veo=Min) Other Outputs Vgg-24 Vgg 24
Output Low Voltage
I oad = 2.0 mA, Vo = Min) All Cutputs Vol Vgs - 085 Vg s (6 y
Darlington Drive Curient
Vg=15V) Portl | IoH 1C an 10 6] i
internal Power Dissipaton
(Measured at Ta =T in Steady- State Gperation! * * * PINT - 1200 1500 mw
Input Capacitance
Vin=0.Ta=25°C, Port3. Portd, SC1 |y, 125 R 1Z5 of
fo=1.0MHz) Other Inputs - n0e - 00
Ve Standby Powerdown | VsgR 40 5 25 a0 5 25 v
Powerup | Vgg 475 525 a75 525
Standby Current Powerdown | isgp 3G 35 mh

* Except mode pragramming leveis; see Figure 16
* *Negotiable to - 100 pA Ifor further information contact the factory
¥ % * For the EFGB01U4/EF6B03U4 T =0°C and for the EFE8UTUS/EFBRN3UA v suftix T L= -40°C

PERIPHERAL PORT TIMING (Refer 1o Figures 1 4.

EF6801/03U4
L EFsaou{Jauu EF68A01/03U4
Characteristics Symbol | Min Tvp Max Min Typ Max Unnt
Periphecal Data Setup 1 me B P - 50 - - -
Perpheral Data Holg Tome B pae Tw =
Deiy Time. Enabie Pas fve 137 sito B | — - 500 -
Delay 'ime. tnahie Positve - - 30C
Dedy Lime Erabre Negatee T irs tir ¢ S pheral G va & B
Port 1 35 - - 20
Part2 % 4 _ 300
Deiay Time, Erabe Negatwe 17678 1or 10 Per prom CMOS Date 5t | N , , 71 .
input Strobe Puise Widir L : L% _ -
Input Data hola Time o | a0 — -
Input Uala Setup 1'me ! [ B
4144
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EF6801U4 ¢ EF6803U4

FIGURE 1 — DATA SETUP AND HOLD TIMES FIGURE 2 — DATA SETUP AND HOLD TIMES
(MPU READ) (MPU WRITE)

MPU Reaa

B1g.P17

Phn (CMOS

towp - TV
$20 P21 . :
Pa0 4 X IR Lo Ut Xn

I ek ) o ey Data Va o
: amild
PR w gt el b et Jore mae e 1) =
o Daia \Vain K we e P21
L pruliesd Al ive
*oo 3 e e s gt -
FIGURE 3 - PORT 3 QUTPUT STROBE TIMING FIGURE 4 - PORT 3 LATCH TIMING
{EF6BO1U4 SINGLE -CHIP MODE} (EF6801U4 SINGLE-CHIP MODE)
MPL Arcess of Pare 3%

053

¥ Acress matihes osiput strobe select 10SS -G aread, 055 - Y awrte

NOTE. Timing measurements are referenced to and trom a low voltage of O 8 volt and a high: voltage of 2 0 volts, unless ainerwise ~oted

FIGURE 5 — CMOS LOAD FIGURE 6 — TIMING TEST
LOAD PORTS 1, 2, 3, AND 4
Test Point oy vee
fmu, RI=18K8
= Test Pount MMDE1 50
or Equiv
c R

MMD 7000
ar Equiv

€ =90 pt tor P30-P37 P40 P47 E. SC%. SCz
=30 pF for P10-P17 P20-P24

R— 37 k2 for P40-P47, 5C1, 5C2
=24 ki1 for P10-P17, P20-P24
=24 k2 for P30-P37. E
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EF6801U4 ¢ EF6803U4

BUS TIMING :See Notes 1 and 2. and Figure 71

Ident, EF6801U4 |EF6801U4-1| EF6B8A01U4 Uni
Number Characteristics Symbol | EF6803 U4 | EF6803U4-1| EFega03u4|Ynit
Min Max Min Max | Min | Max
1 Cyile T v 10 20 08 20 0.656G 20 Hs
Puse Widt s it 430 1000 360 1000 | 200 | 1006 | s
Foise Wodtn, b High PWE 450 (XKD 360 1000 300 | 1000
4 Coon Rise and Fai Tare ot 25 - 25 -~ 25 iy
9 Aawress Hod Tiee A 20 20 - 20 A
12 O ML st Vahe Timp 1o F* Tay 200 150 15 ns
K Fead Dats S [ O5R 8G - 70 - 5O _ s
8 Reac Data bedd 1 me TR 10 10 0 s
B} 1o Data Deway o oW 225 - 200 60 | ae
/1 Vit te Data Hod ave DHW 2 20 s
by M S oo T 1o B Rise® Tayad B0 120 e
TAs a0 30 _ s
A, IS 20 _ e
170 N N
B0 - : B
0 - s
o i . 36 - - e
- S E— .
FIGURE 7 - BUS TIMING
-
P O
B R © a—
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Heaa [data Muxea

N
1

O

Wite Data Muoxed
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Muxed et
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1 Voltage leveis shown are v <UDV, vz 4 v
2 Measurement points shovr 8V and
3 Usable ac time s compated by 27 - 3~
4 Memory 3 shouid ve cnabled ony durnig | or
9 hem 26 s differect from the FFEBOT butitis upweard car
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EF6801U4 ¢ EF6803U4

INTRODUCTION
The EFGB01U4 is an 8 bit mono'ithic microcomputer
which can be corfigured o funct o ra wide s

¢ e oxtraordieary Hiee

aretv ot gp

PHCations The facity W
bty 1818 aphity to be hardware pr

Tre aperatirg mode contro

Copravea

terent aperatng miodes
coctiguration of 18 of e 40 MO
mae

and ee

avaiab'e

AT eNtran e

CESOUICES, ITerrery mrater e

terrupt vec
the remarurni 22 1

Footieeg o con fgnear e

8 msan eor deperdent oo e tperateg

reade

Tty nire

wserf refers tooal of tre hardware
ASSTLaBTEC Wt e part WWUer TR DOTI s used as @ dats
port oo 1 Qport T sCoTie ed Uy the port data arrecton
rard e programnmes 1as aUect gucess 1o ne port
Jtne port aata register. Port pins are iabeed as Py
1ent:hes ore of four ports and ) indicaies the par

“he mcroprocessor unit IMPUIT is an enhanced EFB800
MPL w th additional capabiities and greater throughput
I+ 15 upward source and object code compatible with the
£FBS0G and the EFB801. The programming model is de-
picted in Figure 8 where accumulator D is a concatenation
of accumulatars A and B A Hist of new operations added
10 the EFG800 instruction set are shown in Table 1

The FF6803L4 can be considered g@n EFBB0LA the
operates in modes 2 and 3 oniy

FIGURE 8 — PROGRAMMING MODEL

i BBt Accucuiators A ped B
RN - carr gt 42
[ X R
l'» ’jl Cagil Dorege F
T . -
! C
N - N2y lC e Code Regete (003

Corry Borrow from MSE

tt

Overtlow

Zerc

Negatve

Inter et

Hal Carry (From Zir 3

TABLE 1 — NEW INSTRUCTIONS
Instruction Description
ARX Unsigred addmies o accumulator B Cex register
ADDD Adds twithout calry! the goube accumalatar t¢ rmemary and eaves the sum i the deube sccamulaton
ASLD o LSID | Shifis the doube acosnulator left itowards MSBY are bit, the LSB s clesred. ard the MSB 5 shufton me sne C oo

BHS Branctif fugnes o sare, ursigned condinesdl Braner fsame as 8CCH

8LO Brarchk f lawer ursigred verditonal braact isame 4s BOS:

BRN Branch rever

USR Additional addressig Mo gt

LoD Leads doubie accamuster frommemary

LSL Shufts remnory o accursuaie @t towards MEB! v bt tne LSB ts Geared, a3 the MSB s st fted e tre Cont

same as ASLY

LSRD Stufts e dauble dccurmataier nght Bowards LS8 one bil, the MSB s cleared, ard 18 LSB s siitiea rie the C o
MUL Lrsigred multiply, myiupkes the twi 3cCumraiaters and leaves the product = e J0ubie dcourd ains

PSHX Pushes the .rdex register 1 stack

PULX Pulls the index register fror stack

£TD S:ores the doubie accuriuiator to mermory

SUBD Supiracts menmory frors the double accumuiator and ‘eaves the cfference o rhe doabie accumuator

CPX Irterna processing modified o permit 1s use with any corditiora prang’, nstrachion

This Materia
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EF6801U4 ¢ EF6803U4

OPERATING MODES
The EF6801Li4 provides seven ditferent operating mo-
des {modes O thraugh 3and 5 through 7} and the EF6303U4
provides two operating modes (modes 7 and 3} The oper-
ating modes are hardware selectable and determine the de-
vice memary map, the configuration of port 3, port 4, SC1,
SC2, and the physical lacation of the interrupl vectors

FUNDAMENTAL MODES

The seven operating maodes 10-3, 5-7) can be g
three fundamental modes which refer 1o the t
supports: single chip, exparded ron multipiexed, ard ex

uped it
be of bus i

ded non-
A

panded muluplexed  Singie chip s moge 7, exng
rultplexed 15 moae b, anu the remaning b are expard
multiplexed modes. Table 2 surmmar.zes tre chara
af the operating mudes

EF6801U4 SINGLE-CHIP MODE (7) - In thesingle-chip
rode, the four MCU pors are corfigured as parabel -
putfouipul data ports, as shawn -n Figure 9. The MCU fung
tons as a monaldhic micracorpater in tus made without
@ auddress 8 bus maximunr: of 29 1 O lires
and two port 3 woe mes ate providea Perprerals o
arother MCU ca mterfaced W psit 3.0 4 .0 sy soupied
duge-processer corfguraton, as showa e Figure 0

I

st

TABLE 2 — SUMMARY OF EF6801U4/EF6803U4 OPERATING MODES

Single-Chip (Mode 7)

192 bvies of AN, 4096 byles ol ROM

Pors 315 a paraiiel © O port welt wwo LGrrg
Port 4 s aparaie . O pant

Expanded Non-Muitiplexed (Mode 5)
192 bytes of RAN, 4096 byies of ROM
256 bytes of exiarmal memory space
Port 2 s an 8ot data bus
Port & 5 an mput port aadross bus

Expanded Multiplexed (Modes 0, 1, 2,3, 67 )
Four nwrary spae spucas ol 64K andress spacet
i rernar RAN a0 d ROM wan parta address bus
1l RANY o ROM imode 2¢
(3t Exterded addiessing of internat 1.0 and RAM
i Irnterniar RAM 3 ROM with partiai aadress bus 1 ode i
Part 3.8 muitiplesed arkdress. data bus
Hnessaddress 2l

124 e

' RAM ang ROM
K Jarddas . O por
Only, mades 5. 6. arit / can be rreversinty oo

Resources Common to Al Modes
€ reqgister area

Tingut

Port 2 inputd culpu? operanon

Torar peratior

Sena. commue nducrs ieteHsce sperat o

Re >

*The EF6803U4 operates oniy 1n modes 2 and 3

8/a4
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FIGURE 9 — SINGLE-CHIP MODE

vee
XTAL1
—
T —exTaL2

Vce Standby ——3

j

RESET ——»{EF6801U4f < RO

Parr 1
81:0 Lines
16 Bit Tuner

<)

Port 4
81 O Lines

Port 3
81 0 Lines
[€e—— 1S3

——» 033

Port 2
51 O Lines
Serat 1 O
16-8Bit Timer

FIGURE 10 — SINGLE-CHIP DUAL PROQCESSOR CONFIGURATION

vee Vce
|
L Ix1AL1 >t Neumman
l-— NI NMY
R TRa
T ——JexTAL? ]
Ve Standby —— Ve Standhy —
RESET ——~ RESET—
EF6801U4 EFB6BO1U4
Part 1 . Port 1
810 Pori 3 81 O Lines a1 0
Lines Lines
16 Bit Timer 553 » 16-Bit Timer
53
Port 2 Fort 4
51 O Llines “ “ 810
scl Lines
16 Ba Timer L Port 4 Port 2 L
” 810 51 O Llines -
v v
s Lines sci ss
16 811 Timer

EF6801U4 EXPANDED NON-MULTIPLEXED MODE (5)

A medest amount of external memory space 1s provided in
the expandcd non multiplexed mode while significant on
chip resources are retaned. Port 3 functions as an 8 bit
bidirectional data bus and port 4 15 configurcd initially as an
input data port. Any combination of the cight ieast signifi
cant address lines may be obtained by writing to the port 4
data directior register. Stated alternatively, any cambination
of AG1a A7 may be provided while retaning the remainder as
input data hnes. internal pullup resistors pull the part 4 lines
high untd the port s configured

Figure 11 illustrates a typical systern conhguration in the
expanded non-multipiexed mode Tre MCJ interfaces
directy with EF6800 family parts and can access 250 bytes
of external address space at $100 through $1 T.10S5 provi-
des an address decode of external memory ($100-51FF)
and can be used as a memory-page select or chip-sclect li
ne

This Materia

9/44
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EXPANDED MULTIPLEXED MODFS (0, 1, 2, 3, 6) - A
84K byte memory space is provided in the expanded
multipiexed modes. In each of the expanded multiplexed
modes, port 3 functions as a time multiplexed address/data
bus with address valid on the ncgative edge of address
strobe (AS) and data valid while E is high. In modes O, 2, and
3, port 4 provides address lines A8 to A15. In modes 1 and 6,
however, part 4 initially is configured at reset as an input
data port. The port 4 data direction register can then be
changed 1o provide any combination of address lines A8 to
A15. Stated alternatively, any subset of A8 to A15 can be
provided while retaining the remaining port 4 fines as input
data fines. Internal puilup resistors pull the port 4 fines high
until software cenfigures the port. In mode 1, the interna
pullup resistors will hold the upper address hnes high pro-
ducing a value of $FFXX for a reset vector. A simple method
of getting the desired address lines configured as oulputs is
to have an external EPROM not fully decoded so it appears at

Copyrighted By Its Respective Manufacturer



EF6801U4 » EF6803U4

wao address locations (e, $FXXX and $BXXX). !hen,
when the reset vector appears as SFFFE, the EPROM wie be
accessed and can point to an adiress in the top $10G byt f
the internal or external ROM/EPROM that will configure port
4 as desired.

In made 0, the reset and mterrupt vectors are located at
$BFFO-SBFFF. In addition, the internal and external data
buses are connected, so there must be no memory map
averlap in order to avoid potential bus conflicts. By wnitng
the PCO-PC2 bits in the port 2 data register, modes 5, 6, and
7 can be irreversibly entered trom mode 0. Mode 0 s used

primarily to verity the ROM pattern and monitor the internai
data bus with the autornated test equipment

Only the EFB801U4 can operate in gach of the expan-
ded multipiexed modes, The EF6803U4 operates only in
modes 2 and 3.

Figure 12 depicts a typical corfiguration for the expar.ded
muitiplexed modes. Address strabe can be used to control a
transparent D-type iatch 1o capture addresses AG-A7, as
shown in Figure 13. This allows port 3 to function as a data
bus when E is high.

FIGURE 11 — EXPANDED NON-MULTIPLEXED CONFIGURATION

vce
i
T IXTALY ——» ¢
= [— NM}
L dexTAL2 S
Ve Standby —m l— |RQ 1

RESET — | EF6801U4

This Materia

Port 1 Port 3
810 #mp's 8 Data Lines
16-Bit Tirmer R/W
Port 2 =
L
51.0 t0S
Lines Port 4
Serial 1-0 To BL .
1681t Timer Address Lines
vee
1
XTAL1
upa Port 3 {DO D7)
M Porta 8
o » |AQ A7)
< T {EXTALZ 105 105
Ve Standby 3w R W R W
RESET —™ £ N
NMi —» EF6801 114
IRQ1T —
8 8 s
Port 1 B a
81/0
16 Bit Timer
Port 2
51°0
SCH
Timer
vss
RAM PlA ACIA
10/44
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EF6801U4 ¢ EF6803U4

FIGURE 12 — EXPANDED MULTIPLEXED CONFIGURATION
vee
X TALT > =
= o
T JpxTALZ p—— MM
Voo Standby —— gl

RESET —d =TaxT
! EFe801 U4 [ RQI

EF6803U4

Port t Port 3
810 Loe: G & Lines
16 Bit Timer

> 1 W!\Awmwp\exed Data Address

Port 2
5 1:0 Lires

AS Port 4

& Lines

N
"Serm\ Lo Address Bus
G- Bt Turer T
vSs
\/ic
c—iXTALT ] §
B Data Bus
= . > :
FXTALZ W N 1Do-07

Ve Standby — g
HESET——»{ EF6801U4

o Address Bus

n — tAD A1BI
NWMI— £ Fg03U4 |R- W -
IRQT—» R/W

Port 1 r -
10—y ¢
16-Bit Timer A A i
2 8 8 8
< qm— 1 4 4
sCl &
Timer

ROM M PIA

NOTE Te avoio data bus (port 3! contentor i the expanded multiplexed modes, mermory devices shoula be enabled onty durng E high time

FIGURE 13 — TYPICAL LATCH ARRANGEMENT

GND »
AS W

G oc |
o1 Q1

Port 3
Address/ Data

—
74L5373 Address AQ-A7
Typical)  p———3=

08 Q8

Data DO-D7

Yvy.

11/44
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EF6801U4 ¢ EF6803U4

PROGRAMMING THE MODE

The operating mode is determined at RESET by the levels
asserted on P22, P21, and P20. These lcvels are latched into
PC2, PC1, and PCO of the program control register on the
positive edge of RESET. The operating mode may be read
from the port 2 data register, as shown below, and program
ming levels and timing must be met as shown in Figure 14. A
brief outline of the operating modes is shown n Table 3

PORT 2 DATA REGISTER
7 6 5 4 3 2 1 0
[Pcz [ PCI [ PCO [ P24 | P23 | P22 [ P27 | P20] 403

Circuitry to provide the programraing levels 1s dependent
primanly on the norma! system usage of the thiee pins. If
configured as outputs, 1the circuit shown in Figure 15 may Le
used; otherwise, three state buifers car be used o provide
isoiation while programming the made

MEMORY MAPS

. The EF6801U4/EFE803U4 can provide up 10 64K byte
aadress space depending on 1he operaung moce. A memory
map for each operating made 1s showr in Figure 16 The first
3210cations of each map are reserved for the irterna: register
area, as shown in Table 4, with exceptions as indicated

FIGURE 14 — MODE PROGRAMMING TIMING

RESET
WV Mir
Mode Inputs MPH
(P20, P21, P22i VPL Max

MODE PROGRAMMING (Refer 1o Figure 14)

See Figure 15
for Diode Ararperrent

VRO
——
VMPe

Mige [t

P25 P21 020
—_————

| Leve

WESHT

Characteristic Symbel | Min | Max Unit

Mode Programirming Input Voltiage Low VMPL — 18 v
Mode Programming Input Veltage High VpmpH | 40 v
Mode Programming Dwde Differential (If Diades are Used) vmMpPDD | 06 - v
RESET Low Pulse Width PWRsTL | 30 - € Cycies
Mode Programming Setup Time IMPS 20 E Cycles
Made Programming Hold Time

RESET Rise Timez1 us tMPH o - 53

RESET Rise ime< 1 us 100 -

TABLE 3 — MODE SELECTION SUMMARY

P22 | P21 | P20 interrupt Bus
Mode* | PC2 | PCt | PCO | ROM [RAM Vectors Mode Operating Mode
7 H H H \ ] | | Single Chip
6 H H L | | | MUXZ. 3} Multiplexed: Partia: Decade
[ H L H 4 ] [ NMUX!Z, 3i Non Muluplexed’ Parual Derode
a H L L — wndetinedd
3 | H 1] T | 3 MUXET. 51 Muitiplexed: RAM
2 L A C € i E MU 1T Multiplexed: RAN
1 L L H b [l E MUX!TL 3T Multipiexed RAM ara ROM
0 L [N L 1 ] E MuxtTi Multiptexed Test
LEGEND
1 ttereal
£ Externat
MUX Mutiplexed
NMUX - Non-Mulupiexed
L — Logic "0
H — Logic "1
NOTES
1 Addresses asscciated with perts 3 and 4 are considered extermal n medes G, 2, ang 3

[ SYANN

* The FFE8031J4 operates only in modes 2 and 3,
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Apadresses associated with port 3 are considered external in modes 5 and &
Port 4 delault 1s User data input, address output ‘s opt.onal by witirg to post 3 data direcson reg ser
Mode 4 15 @ non user maode and should 1ot be used as ar OHEranng rmroae
Mode 3 has the internal RAM and interral registers refocatea ot $DOO0 &
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FIGURE 15 — TYPICAL MODE PROGRAMMING CIRCUIT
vVee

R Rl "1
ToNISMSNS EF6801U4
EF6803U4
N 61 _____
RESETI———- - 49— - RESET
P20 - P20 (PCOI
P21+ o P214PC1I
1
P22« P22 1PC2)
Lol
NOTES Mode
1 Mode 7 as shown Cantrot
2 F2-C - Reset tme corstan: Switches
3 R1=10k ityprcall
4 D=1N914, IN4OCH itypicalt
b Dinde V¢ showd o exceed Vpppo e o o} o

tHh

FIGURE 16 — EF6801U4/EF6803U4 MEMORY MAPS (Sheet 1 of 4}

EFB801U4 0
Mode

Muitiplexed Test Mode

$0000!1) /
Il Bogistors
SOOTF 7

External Memory Space

30040 /
Internal RAM

SOUFF 7

Externat Memory Space
$BFFO
$BFFF External Interrupt Vectors!(2)

External Memory Space

$FO00
/
/ internal ROM

$FFFF
NOTES

11 Excludes the following addresses which may 4) This mode is the only mode which may be .
be used exiernally: $04, $0B, $06, $07, and used to examine the entire ROM using an ex-
$0F ternal RESET vector

21 The interrupt vectors are at $BFFQ-$BFFF 5} Modes 5-7 can be irreversibly entered from

31 There must be no overlapping of internal and mode O by writing to the PCO-PC2 bits of the
external memory spaces to avoid drniving the port 2 data register

data bus with more than ane device
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FIGURE 16 — EF6801U4/EF6803U4 MEMORY MAPS (Sheet 2 of 4)

EFG8O1U4 . L EB801U4
Mode . LFE803U4

Multiplexed RAM & ROM xed RAM
$0000¢ 11 T
Internal Registers J Internal Aogisters
P A
SDO1F . SO0 F ekl .
External Memory Spacre ;f External Memory Space
$S0040 - 4L
e i
74 Internal RAM K $) intennal HAM
SOOFF L
© s0QFF Mluu_“‘
i
External Memary Space
! Externat Memory Space
$+000
|
internal ROM !
SFFEF 1 1
SFFFO - ——
SFFFO ) External Intecrupt Veutors U Caternan Interrupt Vedtons
SFFFF b —-2 SFFFF o
NODTES
11 Lxel
be w EEASIIE M NOTE
21 lrternat ROM aadrass 1 Excludes the to
not usabie
31 Address ines A8-A1H will nat s
dresses until the data direcuen ro
port 4 nas been wntten with " 1s
propr ate bits. These address nes w.b asser:
18T anl made outpats by wating the data
recse regest
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FIGURE 16 — EF6801U4/EF6803U4 MEMORY MAPS (Sheet 3 of 4)

Multiplexed: RAM

EF6801U4
EF6803U4 EF6801U4
Mode Made

Nun Muitiplexed: Partal Decode

0\ 500001 1 it
$0000 E e f’///a } internal Aegsters
SOD1F <
L«Jnuiab\e
$0040p 7> '/5///
External Memory Space q A sintermal RAM
S00FFE 24/
$0100
External Memory Space

5015 F

Internai Aegisters!1. 20

$D00OP //
SDOTF
$DO407

External Memory Space

Irernal RAMIT!

Lrasable

$FO(XJ-—'—"iTW .

$DQFF
External Memuory Space 7
A ¢ Imerral AOM
,'/) !
SFFFO 7
Externai Interrupt Vectors o j) internal 'ntesupt Vec:
SFFFF SFFFFlces o rhal interrupt Veciors
NOTES NOTES

11 Relocating the mternai registers and the inter
nat RAM to hugh memory allows the pro
cessor 10 make use of direct addressing
Excludes the following addresses which may
be used externally: $D0G4. $DO0S. SO006
$0007, and $DOOF

2

11 Excludes the following addresses which may
not be used externaliy: 504, $06. and $0F ira
oS!

Address hines A0 to A7 wall not comtain ad
dresses untl the data direction regsster for
port 4 has been wntten with 18’ in the ap-
propriate bits  These address hnes will assert
"1s” until made outputs by wnting the data
direction register

2
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FIGURE 16 - EF6801U4/EF6803U4 MEMORY MAPS (Sheet 4 of 4}

T
EFGBCT1U4 EFB301U4
Mode Mode
Mumglexed ‘Partial Decode Single Chip
00D PLL LAY inerma Rogistors 000N, ivernai fegisers
$001F fedded $001F 4
External Memory Space Unusable
30040 ) 1
JL Internal RAM  internal RaM
SOOFF £
| !
‘L External Memory Space
i
SHXX) {7 SFO00
Internal ROM internal ROM
Internal Interrupt Vectors Internal Interrupt Vectors
SFFFF SFFFF
NOTES
11 Excludes the folowing addresses which may
be used externally. $04, $06, $OF
2 Address hines AB-A1S wal not coniar ad
dresses untl the dala ducction register ‘or
port 4 has been witten with 1™ i the ap
preprate bits These andress lines wil assert
T unt mace autputs by weting the data
direction reqster
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TABLE 4 — INTERNAL REGISTER AREA

Address
Other

Register Modes | Mode 3
Part 1 Data Direction Register® * * [5.9.0.0] (D608}
Part 2 Data Direclion Register™ * * 0o [BIE8)
Port 1 Cata Register 0002 D002
Por1 2 Data Register 0003 D003
Port 3 Data Direction Register* * * D004 D004 *
Part 4 Data Oirection Hegister™® * * D00b* * | DUb* *
Part 3 Data Register 0006* DooG*
Part 4 Data Register Q007 * | DOO7* *
Timer Cantrol and Status Register 0008 DooB
Counter tHigh Byte) DO’ DGO9
Counter (Low Byte) 000A DA
Qutput Compare Register (High Byte! 000B DaoB
Output Campare Register (Low Byte) 000C DOOC
Input Capture Register (High Byte!} 000D DOOD
Input Capture Register (Low Byte} DOOE DOOE
Part 3 Contrel and Status Register DOOF * DOOF *
Rate and Mode Control Register 0010 0a1o
Transmit/ Receive Control and Status Kegister| D011 111
Receive Data Register 012 Dary
Transmit Data Register 0013 Da13
RAM Control Registar 0014 Da14
Counter Alternate Address (High Byte) 0016 DAty
Counter Alternate Address (Low Byte} [V0l1e] [BI0RI+}
Timer Control Register 1 Q017 DO17
Timer Control Register 2 0018 Dog
Timer Status Register 0019 D19
Output Campare Register 2 (High Byte! O0TA [BIORF:Y
Qutput Campare Register 2 (Low Byta) ooms DUIB
Output Compare Register 3 tHigh Bytel 001C DC1C
Qutput Campare Register 3 (Low Byte) oD DoD
Input Capture Register 2 {High Byte) OME DOE
Input Capture Register 2 (Low Byte) 001F DU

* External addresses m modes O,
accessed in mode b (no 108)
* % External Addresses in Modes 0, 2, and 3
* % *7=0utput, 0= Input

1. 2. 3. 5, and 6 cannot be

EF6801U4/EF6803U4 INTERRUPTS

The EF6801 Family supports two types of interrupt re-
quests: maskable and non-maskable. A non-maskable inter
rupt (NMI) is always recogmized and acted upon at the com-
pletion of the current instruction. Maskable interrupts are
controlied by the condition code register | bit and by in-
dividuai enable bits. The | bit controls all maskable inter-
rupts. Of the maskable interrupts, there are two types RQi
and IRQO? The programmable timer and seral communica
tions interface use an internal IRQ2 mterrupt fine, as shownr
in the block diagram. kExternal devices and 1S3 use IRQ1. An
RO interrupt 15 serviced betore IRQ2 it both are perding

NOTE
After reset, an NMI will not be serviced until the first
program Ioad of the stack pointer. Any NMI generated
before this load will be remembered by the processor
and serviced subsequent to the stack pointar load.

All IRQ2Z interrupts use hardware prionuzed vectars. The
single SChinterrupt and three timer interrupts are serviced in
a priontized order and each is vectored to a separate loca-
tion. Allinterrupt vector locations are shown it Table 5. in
mode O, reset and interrupt vectors are defined as $BFFO-
$BFFF

The nterrupt Howchart is depicted i Figure 17 and 15
commor i every interrupt excluding reset. Dunmy interrupt
servicing, the program counter, ndex register, A ac-
cumulator, B accurmutator, and condition code register are
pushed to the stack The | bitis set 10 mbulit rmaskable irter-
rupts and a vector 1s felched correspording 1o the currem
highest priarity interrupt. The vector 1s transferred to the
program counter and instraction execution 1s resumed. Inter-
rupt and RESET timing are :lustrated in Figures 18 and 19

TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS

Mode 0 Modes 1-3, B-7 Interrupt® * *
MSB LSB MsB LS8
BFFE BFFF FFFE FEFF | RESET
BFFC BFFD FFFC FFFD | Non-Maskable Interrupt* *
BFFA BFFB FFFA FFFB | Software Interrupt
BFF8 BFF9 FFF8 FFFQ | Maskablc interrupt Request 1
BFFE BFF7 FFF6 FEF7 | Input Capture Flag*
BfF4 BFF5 FFF4 FFFS | Output Compare Flag*
BFF2 BFF3 FEF2 FFF3 | Timer Overflow Fiag*
BFFQ BFF1 FFFO FH1 | Serial Communications Interface*

*RQZ nterrupt

* *NMI must be armed by accessng stack pointer? before an
NMf s exccuted
»»» Mode 4 interrupt veclors are undefined

This Materia
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Vector =PC

Modes 1.3, 57

FEFQ FF3 1

Mode 0

B} 2 BFF3
BF OB FI

M
Wi
|

T0F

FIGURE 17 — INTERRUPT FLOWCHART

Lo Heg

AR

Diarny
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FUNCTIONAL PIN DESCRIPTIONS

Vce AND Vss

Ve and Vgs provide power to a large portion of the
MCU. The power supply should provide + & volts { + 5%) to
V¢ and Vss should be tied to ground. Total power dissipa-
tion (including V¢ standby) will not exceed Pp miliwatts

Vcc STANDBY

V¢ standby provides power to the standby portion 1540
through $bF in all modes except mode 3 which is $D040
through $DO5F) of the RAM and the STBY PWR and RAML
bits of the RAM control register. Voltage requirements de-
pend on whether the device is 10 a power-up or power-down
state. In the power-up state, the power supply should pro-
vide +5 volts {£56%) and must reach Vgg volts before
RESET reaches 4.0 volts. During power down, Ve standby
must remain above VggR {minimum) to sustain the standby
RAM and STBY PWR bit. While in power-down operation,
the standby current will not exceed Isgg

Itis typical to power both V¢ and V¢ standby from the
same source during normal operatian. A diode must be used
between them to prevent supplying power to Ve during
power-down operatian

XTAL1 AND EXTAL 2

These two input pins interface either a crystal or TTL-
compatible clock to the MCU internal clock generator.
Divide-by-four circuitry is included which allows use of the
inexpensive 3.58 MHz or 4.4336 MHz color burst TV crystals
A 20 pF capacitor shouid be tied from each crystal pin to
ground to ensure reliable startup and aperation. Alternative-
ly, EXTAL2 may be driven by an external TTL-compatibie
clock at 4 fg with a duty cycle of 50% [+ 5%} with XTAL1
cennected ground.

The internal oscillator is designed to interface with an AT-
cut guartz crystal resonator operated in parallel resonance
mode in the frequency range specified for fxTal. The
crystai should be mounted as close as possible ta the input
pins to minimize output distortion and startup stabilization
time. The MCU is compatible with most commercially
available crystals. Nominal crystal parameters are shown in
Figure 20

RESET

This input is used to reset the internal statc of the device
and provide an orderly startup procedure. During power up,
RESET must be held below 0.8 volt : (1} at least tr¢ after
Ve reaches 4.75 volts in order to provide sufficient time for
the clock generator to stabilize, and (2) until Vo standby
reaches 4.75 volts. RESET must be held low at least three E
cycies if asserted during power up operation

E (ENABLE)

This is an output clock used primarily for bus synchroniza-
tion. It is TTL compatible and is the slightly skewed divide-
by four result of the device input clock frequency. It will
drive one Schottky TTL load and 90 pF, and all data given in
cycles is referenced to this clock unless atherwise noted

NMI (NON-MASKABLE INTERRUPT)

An NMI negative edge requests an MCU interrupt se-
quence, but the current instruction will be completed before

This Materia
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it responds to the request. The MCU will then begin an inter-
rupt sequence. Finally, a vector is fetched from $FFFC and
SFFFD {$BFFC and $BFFD in mode 0), transferred 10 the
program counter, and instruction execution is resumed. NI
typically requires a 3.3 k@ (nominal) resistor to V. There is
no internal NMI pullup resistor. NMT must be held low for at
least one E cycle to be recognized under all conditions

NOTE

After reset, an NMi will not be serviced until the first
program load of the stack pointer. Any NMI generated
before this load will remain pending by the processor.

IRQT (MASKABLE INTERRUPT REQUEST 1)

JRQOT is a level-sensitive input which can be used to re
quest an interrupt sequence. The MPU will complete the cur-
rent instruction before it responds to the request. If the inter
rupt mask bit (1 bit) in the condition code register is clear, the
MCL will begin an interrupt sequence. A vector is fetched
from $FFFB and $FFFO ($BFF8 and $BFF9Y in mode 0}, trans-
ferred to the program counter, and instruction execution is
resumed

[RQ1 typically requires an external 3.3 k@ (nominall
resistor to Vo for wire-OR applications. IRQT has no inter-
nal pullup resistor.

SC1 AND SC2 ISTROBE CONTROL 1 AND 2}

The function of SC1 and SC2 depends on the operating
mode. SC1 is configured as an output in all modes except
single-chip mode, whereas SC2 is always an output. SC1
ang SC2 can drive une Schottky toad and 90 pF

SC1 AND SC2 IN SINGLE-CHIP MODE — In single-chip
mode, SC1 and SC2 are configured as an input and output,
respectively, and both function as port 3 controf lines. SC1
functions as 1S3 and can be used to indicate that port 3 input
data is ready or output data has been accepted. Three op-
tions associated with 1S3 are controlled by the port 3 control
and status register and are discussed in the port 3 descrip-
tion, refer to P30-P37 (PORT 3). if unused, 1S3 can remain
unconnected.

5C2 is configured as OS3 and can be used to strobe out-
put data or acknawledge input data. [t is controlled by out-
put strobe select {0SS) in the port 3 contral and status
register. The strobe is generated by a read (OSS =0l or write
(0SS = 1) 10 the port 3 data register. 0S3 timing is shawn In
Figure 3

SC1 AND SC2 IN EXPANDED NON-MULTIPLEXED
MODE — In the expanded non-multiplexed mode, both SC1
and SC2 are configured as outputs. SC1 functions as in-
put/cutput select (I0S) and is asserted only when $0100
through $01FF is sensed an the internal address bus

SC2 is configured as read/write and is used to control the
direction of data bus transfers. An MPU read is enabled
when read/write and E are high.

SC1 AND SC2 IN EXPANDED MULTIPLEXED MODE —
In the expanded multiplexed modes, both SC1 and SC2 are
configured as outputs. SC1 tunctions as address strobe and
can be used to demultipiex the eight least significant ad-
dresses and the data bus. A latch controlled by address
strobe captures the lower address on the negative edge, as
shown in Figure 13

Copyrighted By Its Respective Manufacturer
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FIGURE 20 — EF6801U4/EF6803U4 FAMILY OSCILLATOR CHARACTERISTICS

{a} Nominal Recommanded Crystal Parameters

Nominal Crystal Parameters*
358 MHz 4.00 MHz 5.0 MHz
RS 60 500 30-60 0
co 35 pf 65 pf 4-6 pF
1 0.015 pF 0.025 pf 0.01-0.02 pF
Q >40 K >30 K >20K

#NOTE These are represemtative AT-cut crystal parameters only. Crystals of other

types of cut may also be used

EF6801U4
3

a
Lt CI 15 RS
Cp cL
T T ¢
LAN
o

C| =20 pF ttypcal}
Equivalent Circunt

{b} Oscillator Stabilization Time {tg¢)

{
e e g
vee A 47V
- —
RESET
- o8V
RC
Oscillator
Stabilization
Time, trc
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SC2is configured as read/write and is used 1o contral the
direction of data bus transfers. An MPU read s enabled
when read/write and E are high

P10-P17 (PORT 1)

Part 1 is a mode independent 8-bit 1/0 and timer port.
Each line can be configured as either an input or output as
defined by the port 1 data direction register. Port 1bits 0, 1,
and 2 (P10, P11, and P12} can also be used to exercise one
input edge function and two autput compare functions of
the timer. The TTL compatible three-state buffers can drive
one Schottky TTL load and 30 pF, Darlington transistors, or
CMOS devices using external puitup resistors. It 1S con-
figured as a data input port during RESET. Unused pins can
remain unconnected

P20-P24 {PORT 2)

Port 2 is a mode-independent, 5-bir, muitpurpose | O
port. The voltage levels present on P20, P21, and P22 on the
rising edge of RESET determine the operating mode of the
MCU. The entire portis then contigured as a data Input port
The port 2 lines can be selectively configured as data output
lines by setting the appropriate bits in the port 2 data direc-
tion register. The port 2 data register is used to move data
through the port. However, if P21 is configured as an ot
put, itis ted to the timer output compare ! function and can-
not be used to provide output from the port 2 data re gister
unless outpul enable 1 (OE1) is cleared in timer control
register 1

Poit 2 can also be used to provide an interface for the
serial communications interface and the timer Input edge
function
COMMUNICATIONS INTERFACE and PROGRAMMABLE
TIMER.

The port 2 three-state TTL-campatible output huffers are
capable of driving one Schottky TTL Ioad and 3¢ pk, ar
CMOS5 devices using external puliup resistars

PORT 2 DATA REGISTER
7 6 5 4 3 2 1 0
[Pc2 Ject | pco [ P2 [ pa [ P22 [P | P20 | soa

P30-P37 (PORT 3)

Port 3 can be configured as an 170 port, a bidirectional
8-bit data bus. v1 a multplexed address/data bus depending
on the operating mode. The TTL compatble three-state out-
put buffers can drive one Schottky TTL iocad and 90 pF
Unused lines can remain unconnected

PORT 3 IN SINGLE-CHIP MODE — Port 3 is an 8-bit 1:0
port in the single-chip mode with each line configured by the
port 3 data direction register. There are also two lines, 1S3
and OS3, which can be used 10 contral port 3 data transfers

Three port 3 aptions are controlled by the port 3 control
and status register and are available only in singie-chip
mode: 1} port 3input data can be latched using 1S3 as a con-
trol signal, 2) OS3 can be generated by either an MPU read
or write to the port 3 data register, and 3! an [RQ1 nterrupt
can be enabled by an 1S3 negative edge. Port 3 latch timing
is shown in Figure 4

This Materia
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PORT 3 CONTROL AND STATUS REGISTER

7 6 5 4 3 ps 1 a

1S3 153 < | Latch

Iiag ral l 085 | napte % % $OF

Bits 0-2 Not used

Bit 3 Latch Enable — This bit contrals the input iatch for
port 3. !f set, input data 1s latched by ar 1S3
negative edge. The latch is transparent atter a read
of the port 3 data register. | atch enable is cleared
during reset

Bit 4 0SS (Output Strobe Select] — This bit determines
whether OS3 will be generated by a read o write of
the port 3 duta register. When clear, the strobe 1s
generated by a read, when set, :t1s generated by a
wrile. 0SS is cleared during reset

Bitb Not used

Bit 6 iS3 IRQ1 Enable When sei, an IRQ1 irterrupt
will be enabled whenever the IS2 flag 15 set. when
clear, the intarrupt s inhibited  This it 1s ciesred
during reset

Bit 7 IS3 Flag — Thus read-arly status bit1s set by an 1S3

negative edge. It is cleared by a read of the port 3
dala register or during reset

PORT 3 IN EXPANDED NON-MULTIPLEXED MODE —
Port 3:s cantigured as a bidirectional data bus {D7-DO) 1 the
expanded non-multiplexed mode The direction ot data
fransters 1s controlled by read:write iISC2). Data s clocked
by E (enablej.

PORT 3 IN EXPANDED MULTIPLEXED MODE — Por: 315
corfigured as a tvme multiplexed address tA7 AQ! ard data
bus (D7-D01 in the expanded multipiexed made where ad
dress strabe [AS} can be used to demultiplex the two buses
Port 3 is held in a high-impedance s1ate between vaud ad
dress and data to prevent bus conflicts

P40-P47 {PORT 4)

Port 415 corfigured as ar 8-bit 1: Q port. a5 address Gui-
puss, or as data inputs depending on the operating mode
Port 4 can drive one Schottky TTL load and 90 pF, and 15 the
only port with interral pullup resistors. Unused ines can re-
main uncornected

PORT 4 IN SINGLE-CHIP MODE — In single chip mode,
port 4 functiors as an 8-bit 17O port with each iine con-
tigured by the port 4 data direction register Internal putiup
resistors allaw the port to directly interlace with CMOS at
5-volt levels. External puliup resistors to maore thar 5 volts,
however, cannot be used

PORT 4 IN EXPANDED NON-MULTIPLEXED MODE —
Port 4 1s configured from reset as an 8 bit input port where
the port 4 data direction register car be written to provide
any or all of eight address lincs AQ to A7. Internal pullup
resistors pull the lines high until the port 4 data dwection
register is canfigured
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PORT 4 IN EXPANDED MULTIPLEXED MODE - Inall ex
panded multiplexed modes except modes 1 and B, port 4
functions as half of the address bus and provides A8 10 A6
In modes 1 and B, the port is configured from reset as an
8-bit parallel input part where the port 4 data direction
register can be written to provide any or ail of upper address
lines A8 to A15. internal pullup resistors pull the lines tigh
until the port 4 data direction register is configured where bit
0 controls A8

RESIDENT MEMORY

The EF6801U4 provides 4096 bytes of an-chip ROM
and 192 bytes af anchip RAM

Thirty-two bytes aof the RAM are powered through the
Ve standby pin and are maintainable dunng VcC power
down. 1his standby partion of the RAM consists of 32 bytes
Iocated from $40 through $5F in all modes except made 3
which is $D040 through $DOSF

Pawer must be supplied 1o V¢ standby if the internal
RAM is to be used regardless of whether standby power
operation is anticipated.

The RAM is cantrolied by the AAM cantrol register
RAM CONTROL REGISTER ($14)

The RAM control register includes two bits which can be
used to control RAM accesses and determine the adequacy
of the standby power source during power-down operation.
It 1s intended that RAME be cleared and STBY PWR be set
as part of a power-down procedure

RAM CONTROL REGISTER

7 6 5 4 3 2 1 0
STBY T
oA |RAME [ X X X X l X l X ] $14

‘Bits 0-5 Not used

Bit 6 RAM Enable — This read/write bit can be used to
remove the entire RAM from the internal memory
map. RAME is set {enabled) during reset prowvided
standby pawer 1s available on the positive edge ot
RESET. If RAME is clear, any access to a RAM ad
dress is external. [t RAME s set, the RAM 15 includ
ed in the internal map

Bit / Standby Power — This bit1s a read/write status it
which when cleared indicates that V¢ standby
has decreased sufficiently below Vggpg (mimmumi
to make data in the standby RAM suspect. It can
be set anly by sottware and 1s not atfected during
reset

PROGRAMMABLE TIMER
The programmable timer can be used ta pertorm
measurements on two separate input waveforms while in
dependently generaung three output waveforms. Pulse
widths can vary from several microseconds to many
seconds. A bilock diagram af the timer is shown in Figure 71

COUNTER ($09:0A), ($15, $16)
The key timer element is a 16 bit free running counter

THOMSON SEMICONDUCTEURS

which is incremented by E {enablel. It is cleared during resct
and 1s read-only with one exceptian: in mode 0 a wnite 1o the
counter ($09) will configure it to $FFF8. This feature, intend-
ed for testing, can disturb scrial operations because the
counter provides the SCI internal bit rate clock. The TOF 1s
set whenever the counter cantamns all ones. If ETO! s set, an
interrupt will occur when the TOF s set. The counter may
also be read as $15 and $16 to avoid inadvertently clearing
the TOF

OUTPUT COMPARE REGISTERS ($0B:0C), {$1A:1B),
($1C:1D)

The three output compare registers are 16-bit read wnte
registers, each used to control an output waveform or pro-
wvide an arbitrary time-out flag. They are compared with the
free-running counter duning the negative halt of each E cy-
cie. When a match cccurs, the correspanding output com-
pare flag {OCF) is set and the corresponding output leve
{OLVL) 1s clocked to an output level register. |f both the cor-
responding output enable bit and data direction reg:ster bit
are set, the value represented in the putput levei register wiii
appear on the corresponding port pin. The appropriate OLVL
bit can then be changed for the next compare

The function is inhibited for ane cycle after a wnite to its
high byte ($08B, $1A, or $1C) 1o ensure a valid compare after
a double byte write Writes can be made to either byte of the
output compare register without affecting the other byte
The OLVL value will be clocked out independently of
whether the OCF had previously been cieared. The outpu:
compare registers are set to $FFFF during reset

INPUT CAPTURE REGISTERS ($0D:0E), ($1E:1F)

The two input capture -egisters are 16-bit read-only
registers used to store the free-running counter when a
“proper” input transitton occurs as defined by the cor
responding input edge bit LIEDG? or IEDG2}. The input pin’s
data direction register should be configured as an input, but
the edge detect circuit always senses P10 ard P20 ever
when configured as an output. The counter value will be
tatched into the input capture registers on the second
negative edge of the E clock following the transition

An input capture can occur independently of ICF; the
register always contains the most current value Ccunter
transfer is inhibited, however, between accesses of a doubie
byte MPU read. The input pulse width must be at feast two £
cycles to ensure an input capture under all conditions

TIMER CONTROL AND STATUS REGISTERS

Four registers are used to provide the EFE301U4/
£ F6803U4 with control and status information about the
three outpul compare functions, the tmer overflow func
tion, ard the two nput edge functions of the timer They
are

Timer Control and Status Register iTCSRI

Timer Control Register 1 ITCR1)

Timer Control Register 2 (TCR2!

Timer Status Register (TSR

This Material Copyrighted By Its Respective Manufacturer
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TIMER CONTROL AND STATUS REGISTER (TCSR)
($08) — The timer control and status register is an 8-bit
register of which all bits are readable, while only bits 0-4 can
be written. All the bits in this register are also accessible
through the two timer control registers and the timer status
register. The three most significant bits provide the timer
status and indicate if:

1. a proper level transition has been detected at P20,

2. a match has occurred between the free-running

counter and output compare register 1, or

3. the free-runming counter has overflowed

Each of the three events can generate an IRQ2 interrupt
and is controlled by an individual enable bit in the TCSR
TIMER CONTROL AND STATUS REGISTER
7 B 5 4 3 2 1 0
[ice1 Tockr [ vof | eicit Jeocn Jetoi [ ienet Jorvit] sos

Bit 0 Output Level 1 OLVL1 is clocked to output level
register 1 by a successful output compare and will
appear at P21 if bit 1 of the port 2 data direction
register is set and the OE1 control bit in timer con-
trol register 1 is set. OLVL1 and output level
register 1 are cleared during reset. Refer to TIMER
CONTROL REGISTER 1 (TCR1) ($17)

Input Edge 1 — |EDG1 is cleared during reset and
controls which level transition on P20 will tnigger a
counter transfer to input capture register 1

IEDG1 =0 transfer on a negative-edge

{EDG1 =1 transfer on a positive-edge
Refer toc TIMER CONTROL REGISTER 1 (TCR1)
($17).

Enable Timer Overflow Interrupt — When set, an
TRQZ interrupt will be generated when the timer
overtlow flag is set; when clear, the interrupt is in-
hibited. ETOI is cleared during reset. Reter to
TIMER CONTROL REGISTER 2 (TCR2) ($18)

Enable Qutput Compare Interrupt 1 — When set,
an TRQ2 interrupt will be generated when output
compare flag 1is set; when clear, the interrupt is in-
hibited. EOCI1 is cleared during reset. Refer to
TIMER CONTROL REGISTER 2 (TCR2) ($18)

Enabie Input Capture Interrupt 1 — When set, an
IRQ2 interrupt will be generated when input cap-
ture flag 1 is set; when ciear, the interrupt is in-
hibited. EICI1 is cleared during reset. Refer 1o
TMER CONTROL REGISTER 2 (TCR2) ($18).

Timer Overflow Flag — The TOF is set when the
counter contains all ones ($FFFF). It is cleared by
reading the TCSR or the TSR (with TOF set} and
the counter high byte 1$09), or during reset. Refer
to TIMER STATUS REGISTER (TSR) ($19).

Output Compare Flag 1 - OCF1 is set when output
compare register 1 matches the free-running
counter. OCF1 is cleared by reading the TCSR or
the TSR {with OCF1 set) and then writing to output
compare register 1 ($08 or $0C}, or during reset
Refer to TIMER STATUS REGISTER (TSR} ($19).

Bit1

Bit 2

Bit3

8it 4

Bit5

Bit 6

This Materia
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Bit 7 Input Capture Flag — ICF1 is set to indicate that a
proper level transition has occurred; it is cleared by
reading the TCSR or the TSR {with ICF1 set) and
the input capture register 1 high byte ($0D), or dur-
ing reset. Refer to TIMER STATUS REGISTER
(TSR) ($19).

TIMER CONTROL REGISTER 1 (TCR1) ($17) — Timer
cantrol register 1 is an 8-bit read/write register which con-
tains the control bits for interfacing the output compare and
input capture registers to the corresponding /0 pins.

TIMER CONTROL REGISTER 1
7 6 5 4 3 2 1 0
[oes | oez [ cer [iepc2]iepsiocvisfoLvizfov] 17

Bit 0 Output Level 1 — OLVL1 is clocked 1o output level
register 1 by a successful output compare and will
appear at P21 if bit 1 of the port 2 data direction
register is set and the OE1 control bit is set. OLVL1
and output fevel register 1 are cieared during reset.
Refer to TIMER CONTROL AND STATUS
REGISTER (TCSR) {$08)

Output Levet 2 — OLVLZ is clocked to putput level
register 2 by a successful output compare and will
appear at P11if bit 1 of port 1 data direction register
is set and the OE2 control bitis set. OLVL2 and out-
put level register 2 are cleared during reset.

Bit 1

Bit 2 Cutput Level 3 — OLVL3 is clocked to output level
register 3 by a successful output compare and will
appear at P12 if bit 2 of port 1 data direction register
is set and the OE3 control bitis set. GLVL3 and out-

put level register 3 are cleared during reset.

Bit 3 Input Edge 1 — IEDG? is cleared during reset and
controls which levei transition on P20 will trigger a
counter transfer to input capture register 1

IEDG1 =0 transfer on a negative-edge

IEDG1 =1 transfer an a positive-edge
RAefer ta TIMER CONTROL AND STATUS
REGISTER (TCSR) ($08)

Input Edge 2 — {EDG2Z is cleared during reset and
controls which level transition on P10 will trigger a
counter transfer to input capture register 2
IEDG2=0 transfer on a negative-edge
IEDG2 =1 transfer on a positive-edge

Bit 4

8it 5 Qutput Enable 1 — OE1 is set during reset and
enables the contents of output level register 1 to be
connected to P21 when bit 1 of port 2 data direc-
tion register is set.

DE1=0 port 2 bit 1 data register output

OE1=1 gutput level register 1

Bit 6 Qutput Enable 2 — OE2 is cleared during reset and
enables the contents of output level register 2 to be
connected to P11 when bit 1 of port 1 data direc-
tion register is set.

OE2=0 port 1 bit 1 data register output

OE2=1 output level register 2

Copyrighted By Its Respective Manufacturer
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Bit7 Output Enable 3 — OE3 is cleared during reset and
enables the contents of autput level register 3 10 be
connected to P12 when bit 2 of port 1 data dircc
tion register is set

OE3=0 port 1 bit 2 data register output

OE3=1 putput levet register 3

TIMER CONTROL REGISTER 2 (TCR2) {$18) — Timer
control register 2 is an 8-bit read/write register {except bits 0
and 1) which enable the interrupts associated with the free-
running counter, the output compare registers, and the input
capture registers. In test mode @, two more bits (clock and
test) are available for checking the timer.

TIMER CONTROL REGISTER 2
{Non-Test Modes)

7 6 5 4 3 2 3 0
[eciz [eicn [ eocs]eociz]eocnetor [ 1 [ 1 | wis
Bits 0-1 Read-Only Bits — When read, these bits return a

value of 1. Refer to TIMER CONTROL REGISTER 2
{Test Mode).

Enable Timer Overflow Interrupt — When set, an
RQ2 interrupt will be generated when the timer
overflow flag is set; when clear, the interrupt is in-
hibited. ETOI is cleared during rcset. Refer to
TIMER CONTROL AND STATUS REGISTER
(TCSR) ($08).

Enable Output Compare Interrupt 1 — When set,
an IRQ2 interrupt will be generated when the aut-
put compare flag 1 is set; when clear, the nterrupt
1s mhibited. EDCIT is cleared during reset. Refer to
TIMER CONTROL AND STATUS REGISTER
(TCSR) ($08)

Enable Qutputr Compare Interrupt 2 — Wren set,
an IRQ2 interrupt will be generated when the out-
put compare flag 2 is set; when clear, the interrupt
is inhibited. EOCI2 is cleared during reset

Bit 2

Bit3

Bit 4

8it5 Enable Output Compare Interrupt 3 — When set,
an IRQ2 interrupt will be generated when the out-
put compare flag 3 is set; when clear, the interrupt

1s inhibited. EOCI3 is cleared during reset

Bit 6 Enable Input Capture interrupt 1 — When set, an
IRQZ interrupt will be generated when the input
capture flag 1 is set, when clear, the interrupt is in-
hibited. EICI1 is cleared during reset. Refer 1o
TIMER CONTROL AND STATUS REGISTER
(TCSR) {$08}.

Enable Input Capture Interrupt 2 — Wher set, an
IRQ2 interrupt will be gencrated when the input
capture flag 2 is set; when clear, the inter-upt is in-
hibited. EICI2 1s cleared during reset

Bit 7

The timer test bits (test and clock) allow the free ~unring
counter to be tested as two separate 8-bit counters 1c spaed
testing

TIMER CONTROL REGISTER 2
{Test Mode}

7 6 5 a 3 2 1 0
[icz [ pien Troci] enciz[eocn [ ean [ Test]cLock] s18
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CLOCK — The CLOCK control bit selects which
half of the 16-bit free-running counter (MSB or
L5B) should be clocked with E. The CLOCK bit is a
read/write it only in mode 0 and is set dunng
reset

CLOCK =0 — Only the eight most significant bits

of the free-runming vounter run with TEST =0

CLOCK =1 — Only the eight least significant bis

of the tree-running  counter tun  when
TEST=0
TEST — the TEST control bit enables the timer test
mode. TEST is a read/write bit ir mode 0 ard 1s set
dunng reset

TEST=0  Timer test mode enabled

al The timer LSB latch is transparent which
allows the LSB to be read indeperdently
of the MSB

b} Either the MSB or the LSB of the timer is
ciocked by £, as defined by the CLOCK
bit

TEST=1 - Timer test mode disableg
Bits 2-7 See TIMER CONTROL REGISTER 2 (Non-Test

Modes). (These bits function the same as in the
non-test modes.}

TIMER STATUS REGISTER (TSR) {$19] The tmer
status register is an 8 bit read-only register which containg
the flags assoctated with the free-running counter, 'ne out
put compare registers, and the input capture regrsters

Bit O

TIMER STATUS REGISTER
7 6 5 4 3 2
ficr2 [icrr Joces] ocre [ ocr [ 7oF ]

1 o
R

Bus 0-1 Not used

Bit 2 Timer Overflow Flag — The TOF s set wraen tre
caunter cortains all anes (SFFFF). 11 s cleared ny
reading the TSR or the TCSR iwith TOF set ard
then the counter nigh byte 18091, ar dursir g reset
Refer 10 TIMER CONTROL AND STATUS
REGISTER {TCSR) ($08)

Bit 3 Output Compare Flag 1 ~ OCF1 s setwhe« 2utnyt
compare register b omatches the free rurring
counter. OCF1 s cleared by reading the TSK a7 the
TCSR twith OCF1 set) and ther wriing 1¢ dutpus
compare register 1 ($0B or $0C, or dun~g reset
Refer tc TIMER CONTROL AND STATUS
REGISTER (TCSR) {$08)

Bit 4 Output Compare Flag2 — OCF2 15 set wher cuiput
compare register 2 matches the free-rur-ing
counter. OCI2s cleared by reading tre TSR twitn
OCF2 set! and then wnting 1o outpul currpare
register 2 1$1A ar $1B), or during reset

Bitb Output Compare Flag3  QCF3.sset wher autput
compare register 3 matches the free-rur-ing
counter. GCF3 s cleared by reading the TSR fwitn
QCF3 seti and then wnting 1o output comipare
register 3 ($1C or $1D?, or during reset

Bit 6 Input Capture Flag 1 — ICF1is set to indicate *har a

proper leve! transitior nas occurred, 11 5
reading the TSR or tne TCSR twith ICFT sen ard
the irput capture register 1 rugh byte ($0Di, or Aur
ing reset. Refter to TIMER CONTROL AND
STATUS REGISTER (TCSR) ($08)

Copyrighted By Its Respective Manufacturer
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Bit7 Input Capture Flag 2 — ICF2 is set to indicate that a
proper level transition has occurred; it is cleared by
reading the TSR (with ICF2 set} and the input cap-

ture register 2 high byte ($1E), or during reset

SERIAL COMMUNICATIONS INTERFACE

A full-duplex asynchronous serial communicatians inter-
face {SCH) is provided with two data formats and a variety of
rates. The SCI transmitter and receiver are functionally 1n-
dependent but use the same data format and bit rate. Serial
data formats include standard mark/space (NRZ) and bi-
phase and both provide one start bit, eight data bits, and one
stop bit. “"Baud” and "bit rate' are used synonymously in
the following description

WAKE-UP FEATURE

In a typical serial loop multiprocessor configuration, the
software protocol wiil usually identify the addresseel(s) at the
beginning of the message. In order to permit uninterested
MPUs to ignore the remain jer of the message, wake up
feature is included whereby all further SCI recewver tlag tand
interrupt) processing can be inhibited until its data line goes
idle. An SCl receiver is re-enabled by an idle string of ten
consecutive ones or during reset. Software must provide for

the required idle string between consecutive messages and
prevent it within messages.

PROGRAMMABLE OPTIONS

The following features of the SCI are programmable.

® Format: standard mark/space (NRZ} or bi-phase

® Clock: external or internal bit rate clock

® Baud: one of eight per E clock frequency or external
clock t x 8 desired baud)

® Wake-Up Feature: enabled or disabled

® Interrupt Requests: enabled individually fur transmitter
and receiver

® Clock Output: internal bit rate clock enabled or disabled
to P72

SERIAL COMMUNICATIONS REGISTERS

The serial communications jnterface includes four ad-
dressable registers as depicted in Figure 22. It is controiled
by the rate and mode control register and the
transmit/ receive control and status register. Data is transmit.
ted and received utilizing a write-only transmit register and a
read anly receive register. The shift registers are not accessi-
ble to software

FIGURE22 — SCI REGISTERS

Bit 7

Rate and Mode Control Register

Bit O

[EBEI

l cc [CCO I 581 ISSO]G]O

Transmit/ Receive Control and Status Register

[ o] v v [ [ ]

Receive Data Register

[[Il*lll]m

Port 2
Rx 1"
Bit —b{ Receive Shift Register ]
2 7

Clock 10 Bit Rate
Bit | Generator [« ¢
2

l {Not Addressable}

L

Transmit Shift Register

“ LllﬁllIlm
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RATE AND MODE CONTROL REGISTER (RMCR) ($10)
— The rate and mode conirnl register controls the SCJ bit
rate, format, clock source, and under certain conditions, the
configuration of P22. The register consists ot tive write-only
bits which are cleared during reset  The twa least significant
btts in conjunction with bit 7 control the bit rate of the inter-
nal clock and the remaining two bits cantrol the farmat and
clock sopurce

RATE AND MODE CONTROL REGISTER

for P22 is forced to the complement of CCO and
cannot be altered until CC1 is cleared. If CC1is
cleared after having been set, its DDR value is
unchanged. Table 7 defines the formats, clock
source, and use of P22,

8its 4-6
Bit 7

Not used

EBE Enhanced Baud Enable — EBE selects the
standard EF6801 baud rates when clear and the
additional baud rates when set (Table 6). This
bit is cleared by reset and is a write-only control

7 [ 5 4 3 2 1 0 bit
EBE =0 standard EFBB01 baud rates
EBE X X X cc co 1 1
’~ , I [ l l < l 5 I 550 $10 EBE =1 additional baud rates
. If both CC1 and CCO are set, an external TTL-compatible
Bit 1:Bi1 0 $S1:S50 Speed Select — These two bits select clock must be cunnected ta P22 at eight times (8x ) the

the baud when using the internal clock. Eight

desired bit rate, but not greater than E, with a duty cycle of

rates may be selected (in canjunction with bit 7)
which are a function of the MCUJ input trequen-
cy. Table 6 lists bit time and rates for three
selected MCU frequencies

50% {1 10%). If CC1:CCO= 10, the internal bit rate clock is
provided at P22 regardiess of the values for TE or RE.

NOTE

Bit 3:Bit 2 CC1:CCO Clock Control and Format Select — Ihe source of SCIinternal bit rate clock is the timer
These two bits control the format and select the free-running counter. An MPU write ta the counter in
serial clock source. If CC1 s set, the DDR value mode 0 can disturh serial operations.

TABLE 6 — SCI BIT TIMES AND RATES
4fo— 2.4576 MHz 4.0 MHz 4.9152 MHz
EBE | 551:550 614.4 kHz 1.0 MHz 1.2288 MHz
E Baud Time Baud Time Baud Time
0 0 [} =16 | 3B400.0 26ps | 625000 16.0 us | 76800.0 13.0 us
0 0 1 + 128 4800 0 208.3 ps 78125 128.0 us 9600.0 104.2 us
0 1 [4] +1024 600.0 1.67 ms 976.6 { 1.024 ms 1200.0 | 833.3 us
0 1 1 + 4096 150.0 | 6.67 ms 2441 | 4.096 ms 300.0 | 3.33ms
1 o} o] -84 9600.0 104.2 us 15625.0 64 ps 19200.0 52.0 us
1 0 1 -+ 266 24000 | 416.6 us 3906 .3 256 ps 4800.0 [ 208.3 us
1 1 a +512 1200.0 B33.3 ps 19531 512 pus 2400.0 | 416.6 us
1 1 1 + 2048 300.0 333 ms 4883 2.05ms 600.0 1.67 ms
External (P22)* 76800.0 13.0 ps | 125000.0 8.0 us | 153600.0 6.5 us
*Using maximum clack rate
TABLE 7 — SCI FORMAT AND CLOCK SOURCE CONTROL
Clock Port 2
CC1:
C1:CCo Format Source Bit 2
0 Bi-Phase [ Internal | Not Used
o1 NRZ Internal | Not Used
0 NRZ Internal Qutput
n NRZ Externai Input
28/44
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TRANSMIT/RECEIVE CONTROL AND STATUS
REGISTER (TRCSR)} ($11) — The transmit/receive control
and status register controls the transmitter, receiver, wake
up feature, and two individual interrupts, and monitors the
status of senal operations. All eight bits arc readable while
bits O to 4 are also writable. The register is initialized to $20
by RESET

TRANSMIT/RECEIVE CONTROL AND STATUS REGISTER
7 6 5 4 3 2 ! 0
[rorF Jorrc JToRe [ mie [ Re [ e [ 1e [ wu

$11

Bit 0 ‘Wake-Up'’ on Idie Line — When set, WU enables
the wake-up function; 1t is cleared by ten con-
secutive ones or during reset. WU will not be set1f

the line is idle. Refer to WAKE-UP FEATURE.

Transmit Enable  When set, P24 DDR bit is set,
cannot be changed, and will remain set 1f TE is
subsequently cleared. When TE is changed from
clear to sct, the transmitter is connected to P24 and
a preamble of nine consecutive pnes is transmitted
TE is cleared during reset

Bit1

Bit 2 Transmit Interrupt Enable - When set, an IRQ2 is
set; when clear, the interrupt 1s inhibited. TE 18

cleared during reset

Receive Enable — When set, the P23 DDR it s
cleared, cannot be changed, and will remain clear it
RE s subsequeantly cleared While RE is set, the SCi
recewver 1S enabled. RF is cleared duning reset

B3 ®

Bit 4 Receiver Interrupt Enable — When set, an IRQ2 in
terrupt is enabled when RDRF and/or ORFE 15 sert;
when clear, the interrupt is inhibited. RIE is cleared

during reset.

Bit 5 Transmit Data Register Empty — TDRE is set when
the transmit data register is transferred to the out
put serial shift register or during reset. It is cleared
by reading the TRCSR {with TDRE set) and then
writing to the transmit data register. Additional
data will be transmitted only 1f TDREC has been
cleared

Bit 6 Overrun Framing Error — If set, ORFE indicates
either an averrun or frammg error. An averrun is a
new byte ready to transfer to the receiver data
register with RDRF still set. A receiver framing error
has occurred when the byte boundaries of the bit
stream are not synchronized to the bit counter. An
overrun can be distinguished from a framing error
by the state of RDRF: if RDAF is set, then an over-
run has occurred; otherwise, a framing error has
been detected. Data is not transferred to the
receive data register in an overrun condition. Un-
framed data causing a framing error s transferred
to the receive data register. However, subsequent
data transfer is blocked until the framing error flag
is cleared. ORFE is cleared by reading the TRCSR
{with ORFE set) then the receive data register, or
during reset

Bit 7 Receive Data Ragister Full — RDRF is set when the
input seriat shift register is transferred to the receive

data register, or during reset

SERIAL QPERATIONS

The SCl is initialized by wnting control bytes first to the
ratc and mode control register and then to the
transmit- receive control and status register. When TE is set,
the output of the transmut serial shift register 1s connected to
P24 and serial cutput 1s mitiated by transmitting a 9-bit
preambie of ones

At this point. one of two situations exists: 1} if the transmit
data register s empty (TDRE= 1), a continuous string of
ones will be sent «indicating an idle hine, or 2} if a byte has
been wnitten 1o the transmit data register {TDRE=0), it will
be transferred to the output serial shift register {synchro-
nized with the tit rate clockl, TDRE will be set, and transmis-
sion will begin

The start bit (0}, eight data bits (beginning with bit 0), and
a stop bit (1) will be transmitted. If TDRE 1s still set when the
next byte transfer occurs, ones will be sent untit more data is
provided. In bi-phase formai, the output toggles at the start
of each bit and at half-bit time when a ane is sent. Receive
operation is controlled by RE which configures P23 as an in-
put and enables the receiver. SCl data formats are illustrated
in Figure 23

FIGURE 23 — SCi DATA FORMATS

Jutput
Clock

NRZ
Format

Bi Phase
Format

Idle Start

Data D1001101 (540)
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INSTRUCTION SET

The EF6801U4/EFB803U4 is directly source compati-
ble with the EF6801 and upward source and object code
compatible with the EF6800. Execution times of key ins-
tructions have been reduced and several instruclions have
been added, including a hardware multiply. A list of new
operaticns added to the EFBB00 instruction set is shown
in Table 1.

In addition, two special opcodes, 4E and 5E, are provided
for test purposes. These opcodes force the program counter

toncrement like a 16-bit counter causing address lines usod
N the expanded modes to increment untl the device is reset
These opcodes have no mnemonics

The coding of the first lar anly) byte corresponding to an
executable instruction is sufficient to identify the instruction
and the addressing mode. The hexadecimal equivalents of
the binary codes, which result from the translation of the 82
instructions in all valid modes of addressing, are shown in
Table 8. There are 220 valid machine codes, 34 unassigned
codes, and 2 codes reserved for test purposes

TABLE 8 — CPU INSTRUCTION MAP

OP MNEM MODE__ - #/OP MNEM MODE -~ 40P  MNEM MODE - OP MNEM MODE -  #[oP MNEM MoDE -
w . 34 DES  INHER 3 68 ASL  WDXD 8 8¢ CPx  GR & 2|00 suBs DR 32
01 NOP INMER 2 |3 Txs A 3 63 RGL 6 2 JSR s 2|01 cmes i
02 . A 3% PSHA 3 o |es ke &2 LoS 4 21op2  sBes L
03« 37 Psup 3 o8 - SIS DA 4 2|03 apop o
04 LSRD 3 1§38 PULX 5 1 feD e [ SoBA NDXD 4 2|54 aNDB ‘
05 ASLD 3 1|3’ mTs 5 1len  ryt 6 s|ar cmPa A 4 z|vs 8B :
o5 TaP 2 1 ]3a aBx 3 at M i opa2 seca 4 21p6  .DaB H
07 TeA 2 13 er 0 6F iR NOXD & 2| A3 SLAD & 227 s57aB H
08 INX 3 3¢ PSHX 4 | NES EXTND 6 3| A4 ANDA 4 2|08 cecRa iz
08 DEX 3 1] wmu woafln . A a5 BITA 4 2|ps  ance ER
0A  Cv 2 13 wa a 7. 46 _Daa 4 z|oa oRras sz
0B SEV 2 s sw 2 3 Com 6 sfar sTas 4 2fcE  anpa iz
o cLe 2 140 NEGA 2 4 sk & 3]s eoma 4 2oz oo a oz
oD SEC 2 e . . A2 ADCA 4 zfos 5o 1 2
0E CLl 2 1|42 L 7€ ROR B faa DRAA 4 2|2 LDx “ <
OF SE 2 1|43 COomA b3 1|7 ASRH E I a8  AcDa 4 2 JDF STx DR K 2
10 SBA 2 1]a isEa < | as. £ 3= cex 6 2|Ec  s.BR NDxD 2 g
M ceA 2 14 . W HUL 65 3|an  usR & 2le omes A a oz
12 . 46 RORA 2 1| oec 6 3}AE  LDS Y 5 2|e2  secs ¢ 2
13 . 47 ASRA 2 1. AF TS NDXD 5 2 |E3 aDDD £z
. 8 asLa 2 e s 6  3|BS  5.BA ExTND 4 3 [E4  ANDH 40z
LY 49 ROLA 2 1l Tt 5 3|8 oMmpa A 4 1|es  ang R
16 TAB 2 1 ]aa pEca ERNERIE FENIVE 4 3 3fB2  seca 4 1lee  iuas ER
17 T8A 2 e . 7t CLR EXTND 6 3Bz susp & 3|E7  gTap a2
E . 4C INCA 2 18 suBA MMED 2z |Ba  anDa 4 3[E8  tUHB a2
19 DAA  INHER 2 14D TS1A 2z 1o CMPA 3 z 28 BiTa 4 3 |eo ADCE 4 z
A . AT 8z SBCA 7 285  ipas s 3 |ea  oRag 12
@ ABA  INWER 2 1 |4F  CLHA 2 8  5uBD 4 3|B7 STan 4 3les  scos KR
1c . £l NEGB Z ANDA z 2| Ba EGHA a 3 jEC DG B z
oo 51 . 8 BTA 2 v]ee  apca 4 3les smo -
E . 82~ 8  1DAA z  2]|Ba  oRAA a3 |Ee  Lox 4’ £ 2
. 53 COMB 2 1|87 . BS  ADDA 4 3 ]eF 51x  mOxD 5
20 BRA  AEL 3 2|5t LskB 2~ s EORA 2 z|en cEx 6 3 FC  S.BB ExIND 4 3
21 BRN ‘r 3 2% . 8 AGCA z  2)sc sk 6 3fF cwmes A KR
2 BH 3 2[s RonB 2 1 ]aa  oRaa 2 |Be L% 5 3|Fz  secs 43
3 BLS 3 2|57  AsRB 2 v fsa apna ¥ 2 2fer sTs  exaD 85 3 |f3 apop € 3
24 BCC 1 2 |se  aswe 2t sc cPx wameD a3 |Co sUBB MMED 2 2 |[Fa anoe 43
2 BCS 3z |5 AOLB 2 1 |an 8SR REL 6 2|c cmes 'y 2 zles miTa 43
% BNE 3 2 |sa Dpees 2 18 1bs  mmED 3 3 fcz sBCB 2 :|F6 iDaB R
2/ BEQ 3 20 . aF . €z ADDU 4 3 ler o sTaE ¢ 3
8 BvC 3 2 |sc  nNcs 2t |20 SuBa DIR 5z |ca anpe 2 :|7 tomB 4 2
% 8vs 3 z|so 1s7A 1o cwmea A 3 2]es BiTe 2 2z |Fs  aDcs a3
a4 BPRL 3 2o - 4 92 SBCA 3 2|ce ipas 2z |Fa cAsR a3
B BMI 3 2 |sF INHER 2 1 faz suso 5 zlcr . F8  AGDS @
€ BGC 3 2 |sa INDXD B 2 {w  ANOA 3 2| ce eomre 2 7 |fc oD g 3
0 BLT 3 208 . % 8iITa 3 2|cs  apca 2 2 |fw T 53
26 BGT Y 3 2162 . % LUAA 3 2]ca ORmg 7 2 |re LDx \j 5 3
2F BLE  REL 3 262 com 6 oz for  sTAA 3 2{ce  adDB 2 2| sTx et o5 3
30 TSX  INHER "3 v |ea sk I OHA 3 zfcc oo 303
31 NS 3 1 es % ADCA 3 zlco . * UNDEFINED OP CUDE
2 Pula 4 1 |ee  Rom 6 2 |va oRAs 3 2 |cE LDx  MMED 3 3
[ PULB 4 ' fF7  ASR  INDXO & 2 |98  AGDA ¥ 3 z]er .
NOTES
1. Addressing Modes R
INHER = Inherent ndexed IMMED=Immediate
REL =Relative EXTND=Extended DIR=:Direct

2. Unassigned opcodes are indicated by “'®'" and should not be executed

3. Codes rmarked by “'T* force the PC 1o function as a 16-bit counter.
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PROGRAMMING MODEL

A programming model for the EF6801U4/FFBR03U4 is
shown in Figure 8. Accumulator A can he concatenated with
accumulator B and jointly referred te as accumulator D
where A is the most significant byte. Any operation which
modifies the double accumulator will also modify ac
cumulators A and/ar B. Other registers are defined as
follows:

PROGRAM COUNTER — The program counter is & 16-bit
register which always points ta the next instruction.

STACK POINTER — The stack pointer is a 16-bit register
which cantains the address of the next available location in a
pushdown/pullup (LIFO} qgueue. The stack resides in
random-access memory at a location defined by the pro
grammer.

INDEX REGISTER — The index register is a 16-hit register
which can be used to stare data or provide an address for the
indexed mode of addressing

ACCUMULATORS — The MPU contains two 8-hit ac-
cumutators, A and B, which are used to store operands and
results from the arithmetic logic unit (At U) They can also be
concatenated and referred to as the D {(dauble) aceumulator

CONDITION CODE REGISTER — The condition code
register indicates the resuits of an instruction and includes
the following five condition bits: negative (N), zero (7},
overflow (V), carry/borrow from MSB (C), and half carry
from bit 3 (H}. These bits are testable by 1he conditional
hranch instructions. Bit 4 is the interrupt mask (1 bit) and mn-
hibits all maskable interrupts when sat. The two unused bits,
B6 and B7, are read as ones

ADDRESSING MODES

Six addressing modes can be used to reference memory
A suthmary of addressing modes for all instructions is
presented in Tables 9, 10, 11, and 12 where execution times
are provided in E cycles. Instruction execution times are
summarized in Table 13. With an input frequency of 4 MHz,
one E cycle is equivalent to one microsecond. A cycle-bry-
cycle description of bus activity for each instruction is pro
vided in Table 14 and descriptions of selected instructions
are shown in Figure 24

IMMEDIATE ADDRESSING — The operand or '‘im-
mediate bytels)”" is contained in the following bytels) of the

THOMSON SE
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instruction where the number of tiytes matches the size of
the register. These are two or three byte instructions

DIRECT ADDRESSING — The least significant byte of the
operand address is contained in the second byte of the in-
struction and the most significant byte is assumed to be $00
Direct addressing allows the user to access $00 through $FF
using two byte instructions and execution time is reduced by
elimnating the additianal memory access. In most applica-
tions, the 266-byte area is reserved for frequently referenced
data

EXTENDED ADDRESSING — The second and third bytes
of the instruction contain the absolute address of the
operand. These are three byte instructions.

INDEXED ADDRESSING — The unsigned offset con-
tained 1n the second byte of the instruction is added with
carry to the index register and is used to reference memory
without changing the index register. These are two byte in-
structions

INHERENT ADDRESSING — The operand(s) is a register
and no memory reference is required. These are single byte
Instructions.

RELATIVE ADDRESSING — Relative addressmg 15 used
only for branch instructions. If the branch condition is true,
the pragram counter is overwritten with the sum of a signed
single byte displacement in the second byte of the instruc-
tion and the current program counter. This provides a
branch range of — 126 to + 129 bytes from the first byte of
the instruction. These are two byte instructions.

SUMMARY OF CYCLE-BY-CYCLE OPERATION

Table 14 provides a detailed description of the information
present on the address bus, data bus, and the read/write
(R/W) line during each cycle of each instruction

The information is useful in comparing actual with ex-
pected results during debug of both software and hardware
as the program is executed. The information is categorized in
groups according to addressing mode and number of cycles
per instruction. In general, instructions with the same ad-
dressing mode and number of cycles execute in the same
manner. Exceptions are indicated in the table

Note that during MPU reads of internal locations, the
resuftant value will not appear on the external data bus ex-
cept in mode 0. “High order’” byte refers to the most sign:fi-
cant byte of a 16-bit value.
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TABLE 9 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

Condition Codes

immed | Birect index Boolean/ 5[a][3]2]1]0
Pointer Operations MNEM |Op Op| -~ Opl~|# # Arithmetic Operation IINJZ[V]C
Compare Index Register cPx [ac BEAE ac{6] 2 X-MM+1 <[ T1TTTT
Decrement Index Register DEX X -1=-X oo [FT-T>
Decrement Stack Pointer DES SP_1—Sp BB
Increment index Register INX X+ 1—rX BED
Increment Stack Pointer INS T[1sPs1—5P BERE
| nad Index Register 1ox_|ce[3 DE[a | z{ee]5] 2 5[ 3 M= X M+ ) —X| . R
Load Stack Pointer LDS [se ] ot [a| 2]ae]s] 2 HE M == 5Py (M+ 1) — 5P . R
Store Index Regrster STX DF|a|2|eF|5] 2 BIE Xp— MK — (M+ 1 . R
Store Stack Pomter STS of [4]2|aF|5] 2 53 SPR— M.SP| —(M+ 1) o |7 K
Index Reg — Stack Pomnter TS 3 X—1—sP o«
Stack Prite — index Register TSX 3 SP+1—>X o]
Adu ABX 3 B X=X ol
Push Data FSHX 7 X —Mgp. 6P -1 — 5P o
X~ Mgp.S5P~ | = SP
Full Data PULX SP 1= 5P Mgp — Xny DD
SF .+ 1—=5P Mgp — K|

TABLE 10 — ACCUMULATOR AND M

EMORY INSTRUCTIONS (Sheet 1 of 2)

Condition Codes
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Accumulator and immed | Direct Index Boolean 5 [a]3]2]1
Memory Operations MNEM[Op op|-[rloel~T# Expression Wi in]z]v
Add Accumulators ARA AR —a T (T[T
Add B ta X ABX KBy ®fe | | a0
Add vtk Cary ADCA |89 | 2 BB EIDE A=A T[T IT
ADCE [C9] 2 vafs |z {ealsl > R M. —8 IIDNERERR]
And ALDA BB 2 [2f98 |3 ]2 (aBla] AN A YT« 1T1T1T0T
ADPR[CR[7 |7 |pB[3 ]2 [er]a] 2 R | BEREAERERE
Add Double anpo[ca|a [3]o3]s |2 fesls |2 DoAY — D - TR
And anoalea [2 2] |3 |2 mata [z E B
ANDR|CA|Z J21Dat3 |2 eafa)] B«M—B - : I R
Srft Laft, Anthmote ASL 1 TJesle|~ — - 1
ASLA 1 I —> o 1
AS(B e ® E
[ Shitt Lett Dauble ASLD - {1
Sheft Right. Arthmenic ASR 67 |6 |2 e M
o Limimm-p 5
ASKB e 54 .
i1 Test RITA [BS HESE asfa]2 3 IR G
RiTR |05 sosfs |2 {esfa ] 3 Ry < (T1t]n
Compare Accarralatons CBA A B - [T1T]3
Ciear LR BF [ |2 A& == * |R|[S|R]R
CLRA v i = |R [S IR R
CLRB 1= o v [s1a[r
Compar: [N 2o a3 [z [ar [a [ 3 a-\ < JTIIT
emes e[z Jelo o e o] 3 B A BISIEE
Vs Complement Com 63 |6 [z |73 3 M I . R [s
COM A p Ly — . RIS
COMB 2 R—E - R 1S
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 of 2)

Condition Codes

Accumulator and immed Direct Index Extend tnher Baolean s[al3]2]1T¢
Memory Operations MNEM|Op| ~| #|Op| — | #|0p|~ | #[Op[~| #]Cp| | # £xpression HlI{N]Z[V]|C
Decimal Adjust, A DAA 16| 21 {Ad) binary sum to BCD B 1
Decrement DEC eale]2f7a]6] 3 M-t —=M .. .
DECA anf2] 1 ]a 1—a BB .

DECE sal2]1]e-1—8 T .- -

Exclusive OR eorajss| 2] 2| e 3] 2 aslaf 2]maj4a] s ABM—A “|- Rl

eore|ce| 2] 2|oa) 3| z[es]a] 2fralala B@M—B o i Rle

Increment INC ecle|z2]ic|e]a M+ 1=Mm o .

INCA acfzl a1 —a o] .
INCB scf2]1[B+1—8B o] .

Load Accumulators oaales| 2| 2|ef 3| zf{aslafoBa[a] 3 M—A o] Al

iasl|ce) 2] 2|osf 3| 2| msjafolr[a] M~ B .. 3D

Load Double tob [ccf 3] 3lod a2 [re s ] z]Fc]s] s MM+1—D i Al

Logical Shift, Left 1sI eg|e|z[mie]a B

LSLA EIBE o]
LSLB sz .|
LSLD s3] 2 «|-
Shift Raght, Lagical LSR IEBRRIBE BB
LSRA aa| z 1 s leo| R
L5RE EAEIE sie|PR
LSRD U4 1 ¢« [*]| R
Multiply MUL [ c| fasB=—D afo]o]e]
2's Complement tNegate) NEG 6ol 62|nfe]R 00— M =M « (o]t
NEGA a0fz[1]joc-aA—a « o]
NFGR 55 2|1 ]oo-B—8 «|-11

No Operation NDP o[z |1 |pc 1 —0c BEEBEEE

Inclusive OR OrRaalsa| 2| 2[oA] 3| 2]as 2 28Ala ] 3 B M— A ) BRERHRE

oragfca| 2| 2|pa[ 3|2 ]Fs HIRAE BeM—8 IRHARD

Push Data PSHA 363 | ¢ |A— Stacx sl

(P50 33t [B~— s efefo o]

Pull Data PULA 21 [Steck — 42 e leee]e]>

PULB S0 IStack =8 sfa]e s
Rotate Left ROL | € IR E] — * e
ROLA REEERE (ITHTO A [+«
ROLB sal x| - " .|
Ratate Right ROR s6)6 (2|76 — HE
RORA Wl |- D_. . D . T
RORB EAEE ! - o]
Subtract Accumuiator SBA 2l ]a B—a . [«
Subtract with Carry 2 92|a]z BEABE A —aA o e
HEREEREIE AEFIRE A M- ==& o |-

Store Accumulators HEE 708/]a A o ] Rle
S EE HIEEE H— R D
oo|ajz AEIEE e o e HD

Subtract HAPEEIEIE B BE A M— i o |

HAENER E g B v =3 o |
Subtract Double HEIEIHE HEEIRE DM M- =0 .l
Transter Accumulator i |a—a R ol
T r—= .. BB
Test. Zero or Minus REEINE N .l B
ac| - <l |2
wla s R
The condition code register notes are listed after |able 12
33/44
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TABLE 11 — JUMP AND BRANCH INSTRUCTIONS

Candition Code Reg.
Direct Relative Index Extend Inherent S[4]13{2{1(0
Uperations MNEM [Opj ~[ #1Op|~| # [Op] -] #Op] ~ ] #{Op[-T # Branch Test HIT|N[Z]V]C
Branch Always BRA 000342 afafe]elafe
Branch Never 8RN BIEE e TeTeT
Branch It Carry Clear acc 23]z oo |eje|e]e
Branch If Carry Sat BCS D3] 2 ele e|o|etle
Branch Hf= Zero BEQ 7022 ejein|efole
Branch It =Zcro BGL KRN efofofefe]e
Branch If > Zero BGT 28|37 D N I R
Branch If Higher BHI 221312 s fefs]oT]e]~
Brarch I Higher or Same B~S a3t olefsfalele
Branch If =Zero Bl + JEs| 2 2N vz slefeleie]|e
Branch If Carry Set BLG ST IO I G- afalalafale
Branch 1 Lower Or Same BLS 23| C.7 - e fe]|e]e]e
Branch It < Zero RLT 20fa ] NEB BRI
Branch If Minus BM [ |~ T 1= 1<~
Branch {f Not Equal Zero : BNE 7o o |ef[ale]e]|e
Branch I¥ Overflow Clear 3V Vo e |e|n|et}e
Branch It Overflown Set BvS ke o (e falnjefe
Branch If Plus | ore ~ e [e e[~~~
Branch To Subrouting 85F o (e oo ]e e
Sump JMF At [ s . 3 1 Dperatons faqan-sale Je [a To T |e
Jump To Suprouting EEREEI R Al 3 e lolads o]+
No Operatian NOF AR o |oelalefals
Aeturr From Interrapt i BB TITII(T7108
Aeturr From Sobroutiae N3 35 | [Sen s peratone t g 2fe |e e [e e o]
Software Interrapt THE [« oo s ]
Wait For brterrpt A SE e | o e ia]e o |«
TABLE 12 - CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS
Condition Code Register
Inherent 5 Jal3aJ2]1]0
Operations MNEM | Op | ~ # | Baolean Operation { H | N z v C
Clean Carry [ [ 3 ° — . . . . - w
Clear Interrupt Mask [ z 1 — . i . . » .
Clear Overtlow LLV Loz 1 L - - . . [ .
Set Carry S o2 ' — . . . . - )
Set Interrupt Mask St Gk pz | C— o |5 [ e e s ] e
Set Overflow Gy Bz 1 — . . . . 5 .
Accumulator A — CUR IR &= (R IR ERE
CCR — Accumulator A TRA [ I 1 (Ln— i . . . - . .
LEGEND CONDITION CODE SYMBOLS
Op Operation Coge +Hexadecima:: H Halt carry fom bit 3
~ Number of MPU Cytles I Interrupt mask
Mgp Contents of memory iocation painted 1o B, Staik Porter N Negalive 's.gn it
¥ Number of Program Bytes £ Zero tyten
+ Anthmetic Plus Vo Overflaw. 25 complemin:
Anthmetic Minus = Carry Borrow *rom M5B
* Boolean AND K Reset Always
X Anthmetc Multiphy S Set Atways
+ Boolean Inclusive OR 1 Attecten
& Buoolean Exclusive OR * Not Attected
M Complement of M
—= Transfer into
G Bi=2Zero
00 Byte=Zero
34144
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TABLE 13 — INSTRUCTION EXECUTION TIMES IN E-CYCLES

MIBSY | 000000000000 COP0CCAIDRDIOCOOOCOIEOCEEODRNPROOOCOIOROQGTDPOPOIOGEOEOIONTIOTO
ueseyu)| 3......2323.@220344522W52.222000..0&22222339
w
[»]
Q
b3 pexepu| .3645556.6..6.4..006500.4000455548000006...
Qo
Z
7]
H POPUSIX] | B MO T WL LLICGOOOCOTEOOOCCOOETOSBTLLWLUIOHOGOGOSOCS O
@
g
g 101 B BOLOITTITROOO00O N OOOROOCQGIEQIOIMNERRSN T Tmnolos00eeseS
BEPOLIW| (BB O NI MG OB SOOGS0 DNOSCOOGSE~0OOCOGOISIOI~ NS00 00008B
a o, X % a
Lo ea30RdIT 0 G _ ndUU_>SqcanxTas{oa xwng
xXs % D00l & < <«
woooolbhnwy 2D 0wpDD00Froodnur el RrES5S :
2552303325050 085z2cdhdicdlaavrnnnbobbnrdAn SRR X:
aapelay .'.......3333333.333333333633........O..l...
juaieyu) 23..00232....................22222.2.2233..3
w
Q
o]
b3 POXpU| (@ @ T T VT OO0 NSO RS0 TDONOIGEIOROCOOOORC O cOOOVOBTOO
Q
2
7]
[ PApUBIX] (B B T T O T VB C OO OOO OO 00000 RIROESIRIICHEITCTCOOODTCS
w
o
g
q WUIQ (@00 e G000 0E " R00000000000000007n 000000000
ACPeLIL} B B NNT OGO DO0000E P0G COCIOOIOIOOIOIOIOSIRIRINETSBOO DS
AXCDWD wRCSOET » o) wogzaolog LZxConyxa
] - "z W ! (SR 4
BBDDDNSSSCCEGGHHW&LLUMNPRRSV,VBLLLWMOPAEEFOM%
AAAAAAAAABBBBBBBBBBBBBBBBBBR;BCCCCCCCCDDDDEII
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5)

Address Mode and ] Cycle [ R/W
Instructions Cycles| # Address Bus Line Data Bus
IMMEDIATE
ADC EOR 2 1 Opcode Address ! Opcode
ADD LDA 2 Oprude Address + 1 1 Operand Data
AND ORA
BIT SBC
CMP SUB
LDS 3 1 Opcode Address 1 Opcode
LDX 2 Opcode Address + 1 1 Operand Data {High Order Bytei
LDD 3 Opcode Address + 2 1 Operand Data {Low Order Byte!
CPX 4 1 Opcode Address 1 Upcode
SUBD 2 Opcode Address + 1 1 Operand Dala (High Qrder Bytel
ADDD 3 Opcode Address + 2 t Operand Data (Low Order Byte)
4 Address Bus FFFF 1 Low Byte ot Restart Vector
DIRECT
ADC EOR 3 1 Opcode Address ! Optode
ADD LDA 2 Opcode Address + 1 1 Address of Operand
AND ORA 3 Address of Operand 1 Operand Data
BIT sSBC
CMP SuB
STA 3 1 Dpcode Address 1 Opeode
2 Opcode Address + 1 1 Destnation Address
3 Destination Address 8} Data from Accumulator
LDS 4 1 Opcude Adaress 1 Opcode
LDX 2 Opcode Address+ 1 1 Address of Qperand
LDD 3 Address of Operand 1 Operand Data ttiigh Orger Byte!
4§ Operand Address + 1 t [ Dperand Data riow Order Bytes
STS 4 1 Opcade Addiess | Opcade
STX 2 QOpcode Address + 1 1 Address ot Operand
STD a Address of Operand a Register Gata 1High Order Byt
4 Address at Operand + 1 ] Register Data 1Low Order Byt
CPX 5 1 Opcode Address 1 Opeade:
SUBD 2 Opcode Address + 1 1 Aadress of Uperand
ADDD 3 Operand Address 1 Cpcerand Data tHigh Order Byt
4 Operand Address + 1 1 Oparand Dits Law Order Byte:
a Address Bus FFEE K tow Byte of Restart Vector
JSR 5 1 | Opcode: Address v T Opcode
2 Opcode Address + ° : rreeyant Dot
3 Suhroutine Address i Fast Subroatra;
a Stack Pointer 7] Hitarn Address o ow Oteer By
o} Stack Pomnter - 1 i Retaurn Adaress k< gr: Dirder '
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TABLE 14 — CYCLE-B8Y-CYCLE OPERATION (Sheet 2 of 5)

Address Mode and Cycle R/W
Instructions Cycles| # Address Bus Line Data Bus
EXTENDED
JMP 3 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Jump Address (High Grder Byte)
3 Opcode Address + 2 1 Jump Address (Low Order Bytel
ADC EOR 4 1 Opcode Address 1 Opcode
ADD LDA 2 Opcode Address+ 1 1 Address of Operand
AND ORA 3 Opcode Address + 2 1 Address of Operand {Low Order Byte)
BT SR 4 Address of Operand 1 Operand Data
CMP SuB
STA A 1 Opcodc Address 1 Opcode
2 Opcode Address + 1 1 Destination Address (High Order Byte)
3 Opcode Address + 2 1 Oestination Address (Low Order Byte)
4 Qperand Nestination Address ¢l Data from Accumulator
LDS 5 1 Opcode Address 1 Opcode
LDX 2 Opcode Address + 1 1 Address of Operand (High Order Byte)
LDD 3 Opcode Address + 2 1 Address of Operand {Low Order Byte)
4 Address of Operand 1 Operand Data {High Order Byte)
5 Address of Operand + 1 1 QOperand Data (Low Order Byte}
STS h 1 Opcode Address 1 Opcode
STX 2 {pcode Address + 1 1 Address of Operand tHigh Order Byte)
STD 3 Opcode Address + 2 1 Address of Operand [Low Order Byte)
4 Address of Operand o] Gperand Data (High Order Byte!
5 Address ol Operand + 1 0 Operand Data (Low Qrder Bytel
ASL LSR 6 1 QOpcode Address 1 Qpcode
ASR NEG 2 Opcode Agdress+ 1 1 Adgdress ot Operand (High Order Byte)
CLR ROL 3 Opcode Address + 2 1 Address ot Operand « ow Order Bytel
COM ROR 4 Address of Operand t Current Operand Cata
DEC TST* 5 | Address Bus FFFF 1 Low Byvte of Restart Vector
INC 6 Address of Operand v New Operand Data
CPX 6 1 Oprode Address ' Opcodge
SUBD 2 Opcode Address + 1 1 Operand Agdress tHigh Order Byte!
ADDD 3 Opcode Address + 2 1 Operand Address (Low Qrger Byte!
4 Operand Address N Operand Data {High Order Byte)
5 Operand Address + 1 1 Operand Data (Low Order Bytel
6 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 6 1 Opcode Address 1 Opcode
2 Opcode Address + 1 i Address of Subrautine 1tiigh Order Byte)
3 Opcode Addrass + 2 1 Address of Subroutine tLow Order Byte)
4 Subroutine Starting Address 1 Opcode of Next Instruction
5 Stack Pointer c Return Address (Low Order Bytel
6 Stack Pointer — ! 0 Return Address {High. Order Byte)

*TST does not perform the wnte cycle dunng the sixth cycie  The sixth cycle 1s another address bus = SFFFF
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TABLE 14 — CYCLE-BY-CYCLE OPERATION {Sheet 3 of 5]

Address Mode and Cycle R/W
Instructions ICycles| # Address Bus Line Data Bus
INDEXED
JMP 3 1 Opcode Address 1 Opcode
2 Opcode Address+ ! 1 Oitset
3 Address Bus FFFF 1 tow Byte of Restart Vector
ADC EQOR 4 1 Opcode Address 1 Opcode
ADD LDA 2 | Opcode Address + 1 1 Offset
AND ORA 3 Address Bus FFFF 1 Low Hyvte of Restart Vector
BIT $BC 4 Index Register Pius Offset 1 Uperand Data
CMP sSUB
STA 4 1 Opcode Address 1 Opeode
2 Opcode Address+ 1 1 Offset
3 Address Bus FFFF 1 cow Byte of Restart Vector
4 Index Register Plus Offset 0 QOperand Data
LDS 5 1 Opcode Address ! Opcode
LDX 2 Opcode Address+ 1 ! Otfset
LDD 3 Address Bus FFFF 1 Low Byte o' Restart Vector
4 Index Register Plus Otfset 1 Operand Data tHigh Order Byte:
5 Index Register Plus O'fset+ * N Operand Data tLow Qrder Byte
STS 5 1 Opcode Address 1 Cpeode
STX 2 Opcade Address + 1 1 Orfrset
§TD 3 Address Bus FFFF 1 row Byte of Restant Vector
4 Index Register Plus O*fset o Operand Data (High Order Byte:
5 index Regrster Plus Oftset + 1 ] Operana Data 1Low Order Byie
ASL LSR £ 1 1 Opcode
ASR NEG 2 < 1 Otfset
CLR ROL a Address Bus FF 1 tow Byte of Restart Vet
COoM ROR 4 Index Register Flus Otfset Current Gperand Data
DEC " TST* 5 Address Bus FFFF ! i ow Byte of Restart Vector
INC 6 Index Register Pius GHfset < New Operarg Dats
CPX 6 1 Opcode Address : Opcode
SUBD 2 Opcode Addraess + 1 Diset
ADDD 3 Address Bus FFFF ? Low Byt of Restart Vector
4 index Register + Offset 1 Operand Cata 1High Orger 3, 1e
o) Inex Register + Ottser s 1 H Cperand Data tLow Order B+ 1e:
6 Address Bus FFFF Low Byte of Hestart Vector
JSR [} 1 Opcode Address Opcode
2 Opcode Address+ 1 ' Otfset
3 Address Bus FFFF 1 tow Byt of Restart tor
a Index Register+ {Mtset 1 Firet Subrottine Opcode
5 Stack Pointer { Return Address 1l ow Urder Ryte
o] Stack Pointer -t i Return ddaress “High Srager Byote

*TST does nat pertorm the wnte cycie duning the <k ey cle

The sixtr

vl s snother Goaress ooy -
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TABLE 14 — CYCLE-BY-CYCLE OPERATION {Sheet 4 of 5}
Address Mode and Cycle R/W
Instructions Cycles| # Address Bus Line Data Bus
INHERENT
ABA DAA SeC| 2 1 Opcode Address ae
ASL DEC SEI 2 Cpeode Address + | 1 Je of Next Instructior
ASR INC SEV
CBA LSR TAR
CLC NEG TAP
ol NOP TBA
CLR ROL TPA
CLv ROR 1sT
COM SBA
ARBX 3 1 Dpcode Address K Opcode
2 Opcode Address + ° 1 rrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vactar
ASLD 3 1 Opcade Address H Opcode
LSRD 2 Opcede Address + 1 1 rrelevant Data
3 Address Bus FFFF 1 vow Byte of Restart Vector
DES 3 1 Opcade Address H Opcode
INS 2 Opcade Address+ 1 1 Opcode of Next Instruction
3 Previous Stack Pointer Cortents| 1 reclovant Data
INX 3 1 Opcode Address 1 Dpcude
DEX 2 Opcode Address 41 i Opcoae of Next Instraction
3 Address Bus FFFF N Low Byte ot Restart Vector
PSHA 3 1 Opcode Address 1 Oprode
PSHB 2 Opcode Address + 1 1 Opcode of Next Instruction
3 Stack Ponter G Accumulator Data
TSX 3 1 Opcode Addiess 1 Opeade
2 Opcode Address + 1 1 Cocade of Next Instructor
3 Stack Poimter K | eant Data
TXS 3 1 Cpcode Address 1 Cpcoge
Opcode Adaiess+ ! 1 Cpeode of Next instructior
Address Bus [iff 1 Low By le of Restart Veotor
PULA 4 1 Cpcode Address 1 Opcoae
PLILB 2 Opcode Addre 1 Opcode of Next ‘nstraction
3 Stack Porter 1 Irrerevant Data
4 Stack Poirter+ 1 1 Cperand Data from Swsck
4 1 Opcode Address 1 Opcode
2 Opcode aguress + 1 * Irredesant Data
2 Stack Poaster o} e Register oL ow Order B el
4 Stiack Porrter— 1 o Index Register 1High Order By tes
& N Cpcone Aduress 1 Upcoae
2 Opcode Address « 1 E Irrelewvart Dat
3 Stack Fanter 1 reclovart Dats
4 Stack Painter +* 1 tdex Register tHigh Ordar 8 10i
b Stock Painter « 2 1 Indezx Register Low Oraer By te
RIS 5 1 Cpcode Aodress 1 Cpcoue
? Opeoge Aduress+ 1 i art Zatd
3 Stack Paintar 1 re ~t Sata
2| Stacs Pamter« 1 1 o Nes T Irstrachion Fign Sraer By e
Stack Pamtern « 2 ot Nestopstractier cow Oraer Bt
WAl a 1 Opeode Address 1
p: Cipcods: 55 +° 1
3 Stack Fortes Sl av Dider 3iten
4 Stack Pounter ] ; Retre Agaress Hign Draer 3, fed
5 Stacx Pointer 2 [N Inzes Register rLow Oraer 5,16
6 Stack Canter 3 9] roee Rogster gk Drder Bete,
7 Stck Ponwr -4 [ Conterts of Accumilat
& Stack Poirter - 3 i Conents 0f Accurmudlor
El Stack Panter - & U Contents Condinor Coule Hegister
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5)

Address Mode and Cycle R/W
Instructions Cycles] # Address Bus Line Data Bus
INHERENT
MUL 10 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Irrelevant Data
3 Address Bus FFFF 3 Low Byte of Restart Vector
4 Address Bus FFFF 1 Low Byte af Restart Vector
5 Address Bus FFFT 1 Low Byte af Restart Vector
[ Address Bus FFFF 1 Low Byte of Restart Vector
7 Address Bus FFFF 1 Low Byte of Restart Vector
8 Address Bus FFFF 1 row Byte of Restart Vector
9 Address Bus FFFF 1 Low Byte aof Restart Vector
10 Address Bus FFFF 1 | ow Byte of Restart Vector
RTI 10 1 Opcode Address 1 Opcode
2 Opcode Address+ 1 1 Irrelevant Data
3 Stack Pointer 1 irrelevant Data
4 Stack Pointer+ 1 1 Contents of Condition Code Register from Stack
5 Stack Painter+ 2 1 Contents of Accumulator H from Stack
6 Stack Pointer+ 3 1 Contents of Accumulator A from Stack
7 Stack Pointer+4 1 Index Register from Stack [High Order Bytel
8 Stack Painter+ 5 1 Index Regrster from Stack 1Low Order Byte!
9 Stack Pointer + 6 1 Next Instruction Address from Stack (High Order Byte!
10 | Stack Painter+ 7 1 Next Instruction Address from Stack (Low Order Byte!
Swi 12 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Irrelevant Data
3 Stack Painter 0 Return Address (Low Order Byte!
4 Stack Painter - 1 0 Return Adaress (High Order Bytet
<] Stack Painter -2 o} Index Register tLow Order Bytot
6 Stack Painter — 3 0 Index Register tHigh Order Bytel
7 Stack Painter —4 o] Contents of Accumulator A
8 Stack Painter—& 0 Contents of Accumutator B
9 Stack Painter—6 G Contents of Conditton Code Register
10 | Stack Painter—7 ¥ Irrelevant Data
1 Vector Address FFFA {Hex) 1 Address of Subroutine 1High Order Byte)
12 | Vector Address FFFB (Hex) 1 Address of Subroutine iLow Order Byte)
RELATIVE
BCC BHT BNE BLO 3 1 Opcode Address 1 Opcode
BCS BLE BPL 8HS 2 Opcode Address + 1 1 Branch Offset
BEQ BLS BRA BRN 3 Address Buss FFFF 1 Low Byte of Restart Vector
BGE BLT BVC
BGT BMI BVS
BSR 6 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Branch Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Subroutine Starting Address 1 Opcode of Next Instruction
5 Stack Painter 0 Return Address ILow Order Bytel
6 Stack Painter—1 0 Return Address iHigph QOrder Bytel
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These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different packages.
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ORDERING INFORMATION

The information required when ordering a custorn MCU
is listed below. The ROM program may be transmitted to
THOMSON SEMICONDUCTEURS on EPROMIs) or an
EFDOS/MDOS* disk file.

To initiate a ROM pattern for the MCU, it is necessary
to first contact your local THOMSON SEMICONDUC-
IEURS representative or distributor

EPROMs

Twio ET2716 or ane ET2737 wpe EPROMSs, program-
med with the customer program (positive logic sense for
address and data), may be submitted for pattern generation
The EPROM must be clearly marked o indicate which
CPROM corresponds to which address space. The recom-
mended marking procedure s illustrated below :

"1
XXX XXX
F800 JFF
XXX Custome 0

After the EPROMIs) are marked,
conductive IC carniers ard securey packed
styrofoam
VERIFICATION MEDIA

Ali griginal pattern media (EPROMs or floppy disk) are fil-
ed tor contraciuai purposes and are nat returned. A com
puter hsting of the ROM code will e gererated and returned
along with a listing verification form. The hsung should be
theroughly checked and the venficaton furm completed
signed, and rewurned 1o THOMSON SEMICONDUC-
TEURS. The signed verification torm constitutes the

they should be placed in
Do not use

contracluagl agreernent for creation of the customer mask
If desired, THOMSON SEMICONDUCTEURS will pro-
gram on biank CPROM from the data file used (0 creste
the custom mask and aid in the verification process.

ROM VERIFICATION UNITS (RVUs}

Ter MCLis containing the customer's ROM pattern wilt be
sent for program venticaton. These units will have beer
mMade usirg the custom mask but are for the purpose of
ROM veritication only. For expediency they are usually un-
marked, packaged n ceramic, and tested onty at room
temperature and 5 vol's. These RVUs are included ir the
mask charge and are not production parts. The RVUs are
thus not guaranteed by THOMSON SEMICONDUC-
TFURS. Quality Assurance, and should be discarded
-afrer verification is completed

FLEXIBLE DISKS

The disk media submitted must be singlc sided, EFDOS/
MDOS* compatible floppies

The customer must write the binary file name and compa
ny name on the disk with a felt-tip-pen. The minimum
EFDOS/MDOS* system  files, as well as the absclute
binary abject file (Filename | O type of file) from the
6801 cross assembler, must be on the disk. An object file
made from a memory dump using the ROLLOUT com-
mand is also acceptable. Consider submitting a source
listing as well as the following files : filename .LX (DEVI-
CE/EXORciser loadable format) and filename .SA {ASCII
Source Cade). These files will of course be kept confiden-
tial and are used 1) to speed up the process in-house if any
problems arise, and 2) to speed up the uscr-to-factory
interface if the user finds any software errors and nceds
assistanre quickly from THOMSON SEMICONDUC-
TEURS factory representatives.

EFDQGS is THOMSCON SEMICONDUCTEURS' Disk
Operating System available on development systems
such as DEVICE,. .

MDOS* is MOTOROL.As Disk Operating System available
on development systems such as EXORciser,..

“Requires prior factory appraval.

Whenever ordering a custom MCU is reduired, please contact your local THOMSON SEMICONDUCTEURS representa-
tive or THOMSON SEMICONDUCTEURS distributor and/or complete and send the attached “"MCU customer ordering
sheet” 10 your local THOMSON SEMICONDUCTEURS representative.

ORDERING INFORMATION

LEFSBO1U4 | P 1V |
T .
Device Screening level
Package Oper. temp.
The table below horizontally shows all il suffix inati for il and
lavel. Other possibilitias on request.
PACKA R. TI
DEVICE GE QPE! EMP SCREENING LEVEL
Cc J P E FN L v M Std D G/B BIB
L] * [ ] L
EF6801/03 U4 (1.0 MHz2}
L] . L ]
L ] L ] L] L J
EF6801/03 U4-1 {1.25 MHz) —
L L L ]
EF68A01/03 U4 (1.5 MHz) L] L4 L J

Examples : EF6801P, EFEB01FN, EF6801PV

Package : C: Ceramic DIL, J: Cerdip DIL, P: Plastic

Oper. temp.: L*: 0°C to +70°C, V: —40°C to +86°C, M: —55°C to +125°C, *: may be omitted.
Screening level : Std : (no-end suffix), D : NFC 96883 level D,
G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B.

DiL, E: LCCC, FN: PLEC.

EXOQORciser is a registered trade mark of MOTOROLA inc.
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Commercial reference - |EfF16)8) | ||

Customer’s marking DA T O TS W T O A |

Application

ROM capacity required bytes

Temperature range :

O 0°C to + 70°C

[1 —40°C to + 85°C
[ —40°C to + 105°C *

Package :

[ Plastic
OrpLce

EF6801 FAMILY — MCU CUSTOMER ORDERING SHEET

Customer name :
Company
Address

Phone

Specification reference :
0 THOMSON SEMICONDUCTEURS reference . . . .. ...
[ Special customer data reference™ . . .. ............

Number of interrupt vectors :

Quality level :

L1sTD

Ob

[0 Other ™ (custamer’s quality specification ref. :

Software developed by :

0 THOMSON SEMICONDUCTEURS application lab.
[ External iah.

[J Customer

PATTERN MEDIA (a listing may be supplied
in addition for checking purposes) :

0 EPROM Reference :

[J EFDOS/MDOS* disk fite {DEVICE/EXORciser)
08" floppy
as” 1/4 floppy

O Other®

* Requires prior factory approval

OPTION LIST :

— Internal max. ciock frequency :
[ 1.0 MHz

[0 1.25 MHz

O 1.5 MHz"

Yearly quantity forecast :

® start of production date :
® for a shipment period of:

CUSTOMER CONTACT NAME :

DATE :

SIGNATURE :
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