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Deseriptlon . Pin Conflgurations
The uPDBOC39H, yPD80049H and yPD49H are smgle- " .
chip, 8-bit microcomputers containing an 8-bit CPU, 40-Pin Plast-lc bip
ROM (80C49H and 49H), RAM, I/0O ports, and control cir- ST
cuitry. Through CMOS technology, the devices can re- - gt a0 EVDD -
tain data with low power consumption. In addition, the B rai E : . = - ‘
processor uses two standby modes (HALT and STOP) to L aEsEr s =h ,2:
further minimize power draln - i sos 36 p2s
- Nt e 35 [1P24
Featur@g . T EAL]7 3a O rti7
h e e - RO s NP - u N T
98 instructions . FsENC]s § a2[eis
1.25 us Instruction cycle time (12 MHz crystal) Lt WA O 1o g 1P
Additlon, logic, and decimal adjust functions " 2': E : g :g ;‘ ::3
2K x 8-bit ROM (uPD80C49H and uPD49H) DB:’ de % B mf
256 X 8 blt RAM . DB2 [ 14 27 3 Pto
Standby function ~ B3 [ 15 26 [1 5709
8-level stack o8 [f16 - 25 D PROG -
“Two sets of working reglsters Tt g:SE :Z - 3:23
Interrupt capability - - - e mdie b
Two test inputs™ . I vss ] zo 21hr2,
Internal timer/event counter p—
Input/output ports (8 bits x 2) : . )
— Data bus alternative to I/0 ports (8 bits x 1) P P
Expandable memory and I/0 ports 44-Pin Plastic Minifiat : -
Single-step function ... - S e
Internal clock generator ¢ 2 SssfBE8483
CMOS technology - -
Single power supply of +2.5t0 +6.0V H H H H H H H H H H H
Intel 8049H, 8039H pin compatible rrarm p - AN\

Item uPDBOCAOH #PDBOCA49
Instructions 98 (STOP instruction 97
added)
instruction Cycle 1.25 us (12 MHz 1.875us (8 MHz
crystal) crystal)
Stahdby Modes 3 (HALT, hardware 2 (STOP and HALT)
STOP; software STOP)
Standby Functions Al standby modes stop ~ HALT and STOP modes
at the same timing. stop at different
The control signal timing.
(ALE) stops in the
Inactive state whether
or not internat or
external ROM s
accessed.
Port Options Type 0: fgy=—5 A, Type 0: fgy=—5uA;
Vpp=56V£10% Vpp=5V£10%
Type 1 loy==50pA;  Typet: lgy=—50pA;

Vpp=5V10%

Type 2: no pullup
resistor

Vpp=5V=10%

STOF I 11 [T To.;
P1o I} O [T o8,
P13 [T 1) s e )17}
P12 (I {4 [T 0By
Pl i - I JALE
Py 1T 4#PDASH 28I 3WR
Pis 1T 37 | 1T PSEN
NC ] [T 1RO
P1g T} 25 TT €A
Pz I {10 [ iNT
P24 Eﬂ:l\ B ® o ” /:D:l §8

PRrEFgRiIeg
83-002790A
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Pin Configurations (cont)

§2.Pin Plastic Miniflat

sedcffaeecegé
... _HHHHRHHBAAAAR
et '"O . N ¥ ¥ W:|:|:nc
P25 [T ] (171 PROG
Ne OT : 97 [T P23
P2g (1] 4 [T P22
P2y LIT] [T03 P2¢
™ I 34 [T11PY
Vee (O} 7 4#PDBOCASH 11 it
NC (1] = [T Vss
Yo [T} ) a1 [11J 0By
XTAL [T 10 [T 0B
XTAL2 [T [T bBs
RESET (1} 28 110 DBs
o . NC
Ne Ea 2 e 8 ] ,[ID
SnESREEYgEa 6
. . *[ntemally connected
topin?
) B3-003899A
Ordering Information B
- Part ) t4ax Frequency
Numher Package Typo - of Gperation ROU
uPDBOC3IHC 40-pin plastic DIP 12 MHz None
uPDBOC48HG-00 52-pin plastic . C12MHz 2K x 8 bits
miniflat
uPDBOC4GHG  40-pin plastic DIP 12 MHz 2K x 8 hits
pPD49HG-22 44-pin plastic 12MHz 2K x 8 bits
- . © miniflat
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Pin identification

Symbol Function
T0 Test 0 input / clock output
XTALY Crystal 1input

XTAL2 . Crystal 2 input

RESET Reset input

S5 Single step input

Nt Interrupt input

EA External access input

D Read output

PSEN Program store enable output
WR " Write output

ALE Address latch enable output -
DBy-DB; Bidirectional data bus *
Vg5 Ground o
P2g-P27 Quasi-bidirectional port 2
PROG Program output

STOP Stop input

Pig-Pt7 Quasi-bidirectional port 1

Tt Test 1input

Vop Power supply

NC Not connected

1c Internal connection
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Pin Functions
XTAL1, XTAL2 (Crystals 1, 2)

XTAL1 and XTAL2 are the crystal inputs for the internal
clock oscillator. XTAL1is also used as an Input for exter-
nal clock signals.

TO (Test 0)

The JTO and JNTO instructioris test the level of TO and, if
" it is high, the program address Jumps to the specified

address. TO becomes a clock output when the ENTO

CLK instruction is executed -

Ti(Test 1)

The JT1and JNT1 instructions teét the level of T1 and, if
It Is high, the program address jumps to the specified

address. T1becomes an internal counter input when the

STRT CNT instruction is executed.

RESET (Reset) L

RESET initializes the processor and-is also used to ver-
ify the internal ROM. RESET determines the oscillation
stabilizing time during the release of STOP mode. The
‘RESET pulse width requires at least 5 machine cycles
when the supply voltage is within specifications and
the oscillation frequency is stable. (Active low).

SS(Single Step) .

SS causes the > processor to execute the program one
step at a time. SS also determines the oscillation stabi-
lizing time durmg the release of the software STOP
mode. - -

INT (lnterrupt) _ -

INT starts an interrupt if interrupts are enabled A reset
disables an interrupt. INT can be tested with the JNI In-
struction and, depending on the results, a jump to the
speclfled address can occour. .

EA (External Access)

EA disables internal program memory and fetches and
accesses external program memory. EA is used for sys-
tem testing and debugging. (Active high).

RD(Read) - - -

RD enables a data read from external memory. (Active
low) s

D Ly27525 0013538 9

HPDB8OGC 30 49H, LPD4SH
28D 13538

T-P-¢ PO

WR enables a data write to external memory.

WR (Write)

PSEN (Program Store Enable)

PSEN fetches instructions only from external program
memory. (Active low).

ALE (Address Latch Enable)

ALE occurs at each cycle. The falling edge of ALE ad-
dresses external data- memory or external program
memory. ALE can also be used as a clock output.

DBo-DBj7 (Data Bus)

DBo-DBy is a bidirectional port. DByg-DB7 reads and
writes data using RD and WR for laiching. During an ex-
ternal program memory fetch, DBg-DB7 output the low-
order eight bits of the memory address. PSEN fetches
the instruction. DBg-DB7 also output the address of an
external data memory fetch. The addressed data is read
and written by RD and WR.

Pig-P17 (Port 1)
P1p-P17 is an 8-bit quasi-bidirectional port.

P20-P27 (Port 2)

P20-P27 is an 8-bit quasi-bidirectional port. P2p-P23
output the high-order four bits of the address during an
external program memory fetch. P2g-P23 also function
as a 4-bit 1/0 bus for the uPD82C43 /0 port expander.

PROG (Program Pulse)

PROG is used as an output pulse during a fetch when
interfacing with the uPD82C43 |/0 port expander.

STOP (Stop)
STOP controls the hardware STOP mode. STOP stops

the oscillator when active low.

Vpp (Power Supply)
Vpp is the positive power supply (+2.5V t0 +6.0V).

Vss (Ground)
Vss is ground potential.
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Block Diagram

T f $=t P-O%

-
" Power
Supply

XTALT ——]

Control
- ALE *———
Logie

BToF —9

XTAL2 —=—>i

Hir

1
Standby
Control

Voo ——e +25-+80V

Vgs = GND ~

Seexsray

Register 0-7

8 Leval Stack

(Variable Length)
§ Optional Second
FRaglster Bank

Data Store

Sduttiplexcr

.
>
Internz! Bus (8)

Y
{2

[ Porti ] -
Latch end CEDP\)-P},
Bufier

Port 2

Latth and “ﬁn‘ P2-P27

er m

- 490005578
Absolute Maximum Ratings - - - D€ Characteristics
an o
Ta=25°C Standard Voltage Range
Power supply voltage, Vpp Vgs ~0.3VIo +7V  Ta= —40°Cto +85°C,Vpp= +5V£10%, Vsg =0V
Input vottage, V| Vgg —0.3Vie Vpp +0.3V Limlts Jest .
Output voltage, Vg Vg5 —0.3VtoVpp +0.3V Paramotor gymbol Min Typ Hax Unkt Conditions -
Operating temperaturg, Topy . —40°C to +85°C :"PUt votage Vi  -03 408 V '
ow
Storage temperature, Tsrg ~65°C to +150°C -
- - - Inputvoltage Vg Vpp—-2 Vpp V  ExceptXTALY,
Comment: Exposing the device to stresses above those listed in Abso- high XTAL2, RESET, §§
lute Maximum Ratings could cause permanent damage. The device Is = -
not meant to be operated under conditions outside the limits de- Vi Voo—1 V_DP vV RESET XTAL,
seribed in the operational sections of the specification. Exposure to o - XTALZ, §§
absolute maximum rating conditions for extended periods may affect Outputvoltage Vi 045 Vg =2.0mA
device reliability. .o - low . - .
e . . Outputvoltage Vou 2.4 Vv  Bus,RD, WR,
TEE - high PSEN, ALE, PROG,
’ . T0; lgy==400pA
o Voui(l) .24 . V. lon=-~5pA(type
el ’ 0) port 1, port 2
Lt i 6 24 V  lgy=-50pA
" (type 1) port1,’
port 2
Vouz Vpp-0.5 vV Alloutputs,
o . . . lgy=-0.2 uA
Input current  fy p(1) -5 -40 pA Portt, port2; Vi<
Vi (type 0)
-500 pA  Portt, pori2; Vi<
Vi (type 1)
e -40 pA  SS, RESET,
Vi<V,
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BC Characteristics (cont) . - Extended Voltage Range (cont) - | e
Standard Voltage Range {cont) - - Ta= ~40°Cto +85°C, Vpp = +2.5V 1o +6.0V, Vgg=0V
Ta= —40°Cto +85°C, Vpp= +5V£10%,Vgg=0V--:.. . . . Limits - Tost
T, ~ - kimits s Tost Barametor Symbol- Min Typ Hax  Unit Conditions
Paramator Symbol ‘' Hin  Typ  Max . Unit Conditions Standby current Ipp;(4) 03 - 0.6 mA Vpp=3V;
Inputleakage I +1  uA T1,INT STOP. o - - lov=bws
current } Vss<Vi<Vpp 20 40 mA VDD=162V .
e T T E A A VeseVi<Vop — — e
Outputleakage hg 21 " pA Vgs<Vo<Vpp o025} kA (2)iVoo=
current e . High impedance, 1 50 A Vpp=6V
bus, T0(3) Supply current . ipp 20 40 mA V=3V,
Standby current lpp;(4) 15 3.0 .. mA ftoy=1.25zs ; loy=5us -
Iopa(5) N 0B mA V=0l
Supply current - Ipp o 6B ma fcy=1.25ys_ Nowe: ikl
(total)r - - (1) Types0,1, énd20ptions can be specified for uPDBOCA9H. .
Dataretention  Vpppp 2.0 V  .Athardware STOP Type O for uPDBOC3SH only.
voltage T L R ) %‘%‘ggi Vjor - (2) Input pin voltage is ViSViLor V>V, o
. RESET (3) Includes port 1and port 2 pins optionally specified with type 2,
N _ -~ (RESET<0.4V) {4) HALT mode.
. . ) i (5) STOP modé.
Extended Voltage Range - R
Ta= ~40°Cto +85°C, Vpp = +25V 10 +6.0V, Vgg =0V AG Characteristics -
- e Ta= ~40°Cto +85°C, Vgg =0V o
- TR e o Tost Limits
Paramoter Symbol Min ~ Typ Max Unit Conditions
" VYap= Vop=
:gxm voltage Vi =03 .. +0.18VppV +5 ‘?210%_ 2.5 VDQgG.OV - Teéi
Toatvar _ V« v 7 - T t‘XTAL Poramotor  Symbol Win -~ Mex HMin  Maex  Unit Conditions
nput voltage .
et o T XA, RESEESS Oveme oy 1B B 5T s
Vi 08Vpp VooV RESET XTALL, ALEpulsewidth 1, 125 995 s ()
L XTALZ, 5§ Addresssetup  ta. 140 890 ns (1)
Output voltage V. 4045 Vg =1.0mA before ALE )
low L. : Address hold -ty 45 295 ns )
Outputvoltage  Vigyy - 0.75Vpp Bus, RD, WR, from ALE
high T - T 0.7 PSEN,ALE, PROG, Controlpulse  ftggy 425 2300 ns (1)
= TOlow=-100pA g R, WR)
- - Voui(1) 0.7Vpp Vo lw=-tu(pe G 300 1400 -
e - - pulse cc2 s (1)
0) port1, port 2 width (PSER)
0.7Vpp . o2 V2 gy=- 10uA (type Data setu -
L . . - gtup tow 340 1965 ns (1)
: . - - Wporth, pori2 - befors WR ] )
Input current . Iy p(1) =15 -40 pA  Port1, port 2,V Dalahold after 1 45 295
- R + NS 2
S . Vi) W weor o @
- Co =800 pA ?”&gg;‘f‘ Y Damhddater on 0 % 0w s ()
T TR S_g-RESET 10, PSEN :
e = , Vi< = -
ILe wA Vi Vis RDlodatain ~ tgpy 300 1800 ns (1)
Input teakage . 1y e 1 . I‘A T1,INT, STOP; PSENtodatain tppy -- 175 1300 nS (1)
Current e Vss<VisvVpp Address sefup - tyy - -350 -~ 4850 - . ns ().
, I x5 WA BAVss<Visvpp  beforeWR .
Output leakage I 1 A Vss<Vo<Vpp Address sefup  tap 700 © 3585 )]
current High impedance, before data in
bus, T0(3) (RD)
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AC Characteristics (cont) .o+ * ACTiming Test Points (Except RESET, XTAL1, XTAL2, SS)
Tp= —40°Cto +85°C,Vgg=0V ~ T i g
(8) Vgp= +5.0V210%
lflmlts ) .- e Vop~2 Vop—2
-7 Vpp = Vpp=" :
+8V210% 2.8V106.0V Tt L A T =
- ost 08 08
Paramem gymbol 8in  Max Min Hax Unit Conditions ’
Address setup  tap2 500 250 ns (1) O Vop= 42810000 e 0TVop
before data In. . R . . f:> Test Polnts <;X7
(PSEN) : - ] . 018Von 018Vo0
" Addressfloatto tapct 105 600 ns V] 0000870
RD, WR L : )
Address floatto  tar 5 125 ns V)] N
TN AFC2 - Timing Waveforms
ALEtocontrol  tarct 175 ) 925 ns (1) .
signal (RD, WR) > - - Instruction Feich (Exiernal Program Memory)
ALEtocontrol  frapce 50 425° ns (1) - tor
signal (PSEN) - . fe—1tee. .
oz |
Controf signal toag 35 285 - RS (1) |
(RD, WR, PROG) e . -
to ALE
Controf signal ~ tca2 280 1285 ns (1)
(PSEN) to ALE
Port controt top 85 460 ns 3)
setup before Se-
falling edge of B B -
PROG . -
Port control hold  tpgy 0 80 0 200 ns (3.4) Read (External Data Memory)
Port controt hold  tpge - 135 - 135 ns  (3,5)
after falling edge e - . tear
of PROG . —’. g1 fo—
PROG to time P2 tpg 585 27115 ns  (3) e L.
input must be . L tecy —fetoars
- valid :
Input data hold  tpF 0. 1% 0 500 ns (3)
_ {ime
" Qutput data tpp- 350 1850 - s (3)
setup time
Output datahod tpp 75 450 ns (3)
time
PROG pulse tp 625 - 3250 ns (3)
width
 Port21/0data tp, 135 135 s (3) — tearey |
setup time |
Port21/0data tp- 5 B ns . (3 L
hold time : : teas
ALE to port tpy. 475 1600 ns 3)
output 7 e
Toclockperiod tgprg 250 - 1000 s (3) Floating
Note: ' . .
{1) Control output: Gy = 80 pF, bus output: G =160pF - : 430005718
(@) CL=20pF ’

- (3) Cong[o[outpm: C_ =80 pf

(4) Atexecution of MOVD A, Pp.Instruction
5) Atexecution of MOVD Pp, A; ANLD Pp, A; ORLD Pp, A instructions
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Timing Waveforms (cont) Bus Timing Requirements . ol
Symbol Timing Formula MiniMax Unit
Port 2 Expansion Timing 0w (7730) tgy ~170 Min p
: T 1 1/5) toy—110 Min ns
ALE poriCantrol | 1/ AL (78) toy -
_ e e A th (1/15) tgy—40 Min ns
= Y g B te top—  fo-teo foct (1/2)tey—200 Min ns
Ovrput B pute oc2 (275) toy—200 Min s
PF|
Port %:P"“«L"““ ten ] tow (13/30) tey - 200 Min ns
port, % 2 X X _:{C o (1715) tgy—40 Min ns
tep—+ 4 N
Port2-Part2g bata "M foarined ' oma | o (1/10) tgy—30 Max ns
PPy
PROG PortControl [N___ thot (2/5) toy— 200 Max ns
trD2 (3/10) tgy—200 Max ns
. taw {275)tcy—-150 Min ns
170 Port Timing . o - (23/30)ty—250 Max ns
e 2nd Cycte tan2 (3/5)tcy—250 . Max ns
e +=tes tev i (2/75) toy—65 Min ns
we S\ B o AFCH oy
tarc2 (1/30) toy-40 Min ns
fLAFC1 (1/5}tgy-75 Min ns
PoEn - WAFC2 (1710)gy-75 Min ns
- feat (1715) tgy-50 Min ns
P%O:l:ﬁ X PCy )( Port 2y-Port 2, Daﬁ) New P2g—P23 Dal%x PC, toaz (4/15) tgy—50 Min ns
fop (1710) tgy—40 Min B ]
P24—P27 . -
P'%Em Port 2,-Port 2, Data, Port 1,-Port 1, DalT)\Jew Port Data teco (4/15) tcy—200 Min ns
N (17 /30) toy—120 Max ns
) tpr (1/10) tey Max ns
tpp (2/5)tcy—150 Min ns
- tpo (1/10) toy—50 Min ns
tep (7/10) toy—250 Min ns
S o ) o, (4/15) toy—200 Min ns
. fLp (1730)toy—40 - - Min ns
tpy (3710) 1gy +100 Max ns
toPrR (1/5)tey Min ns
foy (1/fxmaL) x 15 us
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Operating Characteristles . - 000

foH va VOH

é'\.\m\\
: N

1 - 2 -3 . 4 s
Output Voliage High Vo [V]

lIoHve VDD -

-200 -20
:, . . R TA=ﬁ°C
VoH1=24V

~150 —15

-100 -10

Outpit Current High lop [#A]

&
&
U

Type1
TypeO
1
83-003741A

(] 2 - | . .5 [
Supply Voitags Voo [V
T - "7 loLvs VDD T 7
]

Ta=25°C
VoL=045V

e

e
L~

~

Qutput Curront Loty o), [mA)

2 3 4 5 )
Suppiy Voltegs Voo [V)

B83-003743A
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Output Current High low [uA]

Output Current High Iow [#A)
A 1
N

loH vs Vot

i\\»

Ta=25°C
Vop=45V

N

™.

N

83-003740A

~150 —15
~100 10
"5 s
'; o

a8
gk
-0

-0.4

1 2 3

Output Voitage High Vgr1 [V]

IoH vs VDD

T
TA=25°C
VoH2=Vop—0.5V

/

/

/

7 :

[}
2 3 4 5 €
Supply Voltage Vpp [V]
oL vs VoL
4
TA=25°C
Vpp =45V
i
o
i, P
€ P
E -
]
(<]
3
g
o 8
0 (X 1.0

Outpul Vollage Low Voo [V]

83-003742A
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o 1 []
Ta=25°C . LT

0 VDD =55V o0 M 1]
E —t—
E 1 1 L
[ =17 oD 5P L=
-] -t

e

a oDt Mex™| it
a8 2 5 +T I it
= - = -
E ‘-”::-:__, L 7T o1 Typ | [ LLle=
8 1 - et
308

Cycle Time tey [uo)
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Operating Characteristics (cont) ’ )

1DD/iDD1 Vs {

04 0.2 05 1 2
Supply Voltage Vpp (V]
Curves below 1 MHz show for

tcyvsVpp

15

Opzration
Secured Area

™~

Ta=-40to 485°C

~

\_,,,,Jm.._._

2

.3 4 5
Supply Vollage Vpp [V]

83-003747A

30C42H Port Control Hold Time tpct Max [ns)

k427?525 0013544 Y

TP 908
uPDBOCIOH I 49H, LPDAIOH -
' 9 80 13544 —

‘

lpp/ippivs
TTA=25°C
10 Vop=3V
g’ 5 tpp Max
= |
B =1 :
g 2 —== = - oo Typ
a -“5’ ~ - Y
€ 1 K 7 -]
E ————
3 = ipp1 Max-
§ 05
g po==—"] Ipo1Typ |
[ e e cim o -
02— = =

‘0.1 02 .

. 05 1 - 2 -3
Osgcillation Frequency f {MHz] [f=15tcy] . .
Curves balow 1 MHz show characteristics for external o:clllnl_’lon'.

“r.

P erd

tpCc1 Max [80C49H] and tacc Min [82C43] vs Vpp

" ga-003746A

250
N e
i . \ Ta=25°C
2 500 -
8 § uPDB2CA3
X tacc Min
E. 150 4PDBOCASH] ~ Y
g, tciMex [ \
6 g R
g g
R ; P Te
. Supply Voltage Vpp (V] .. .
data.

< Note: Curves without

sccurad area” show tefer
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Functional Pescription

The uPDBOC38H/uPDBOCA9H has the following func-
tional blocks:
Yee O 4 s

Instruction Decoder - --- -- -

Thie Instruction decoder stores the operation code of
each instruction and converts it into outputs that con-
trol the functions of each block. Théese outputs control
the functions. executed by the ALU; data source, and
specified registers. _ ’ :

Arithmetic Logic Unit (ALY) -~ ™

The ALU recéives 8-bit data from the accumulator or
temporary register and computes an 8-bit result under
control of the instruction decoder. -

The ALU executes the following functions:
o Add with carry or add without carry_

e Logical AND,OR,XOR ~~ =7 "

¢ Increment and decrement

e Bit complement

o Rotateleftandright., .- - =~ .-
< Swap nibbles. oL -
¢ BCD decimal correction

When a carry results from ALU overflows, the carry bit of
the program wordissét. . . i’

s

Accumulator - T i

The accumulator is an 8-bit register that stores ALU in-
put data and arithmetic results. It can aiso be used for
transferring data between 1/O ports and memory.

Témporary Register - P

The temporary register is an 8-bit register used for the
internal processing necessary with arithmetic opera-
tions. The-contents of the temporary register are input
to the ALU.

Program Counter

The program counter Is a 12-bit register that addresses
on-chip program memory. The program counter speci-
fies the address of the next instruction to be executed.

Program Memory

The uPD80C49H contains a mask-programmable ROM
of 2048 x 8 bits that can be addressed by a program
counter. The pPD80C39H has no internal ROM, so it
uses external program memory. You can expand internal
program memory to 4096 bytes by connecting external
program memory. When the contents of the program

"4-258
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counter exceed the built-in ROM area, the external pro-

gram memory will be_automatically accessed by
DBg-DB7, P2g-P23, and PSEN.

Data Remory

The uPDBOC39H/uPDB0C49H has 128 words x 8 bits of
data memory that can be externally expanded 256
words maximum when needed.-

RAM Address Régister

The RAM address register specifies the next address to
be accessed in data memory. C

Program Status Word

The PSW (figure 1)is an 8-bit status word containing the
information shown in table 1. -

Figurei. Program Stétus Word

7 6 5 4 38 2 1 0 oY Cany
[ex[acfro]es| 1 [s2]s1[s0]  ACAusiiaryCany
—— FOFl

0
L : T 8s nigusm Bank Select
Siack eave possible Stack Polnter
) e . 49-000561A

Table1. PSW Bit Functions
Bits 0-2 Stack pointer bits (S0-52) :

ARESET clears the stack pointer to 0.
Bit3 Not used (1).
Bit 4 Working register bank switch bit (BS)

0=Bank 0

1=Bank 1
Bit5 Flag bit (FO).

User-controlled bit that can be complemented, cleared, or
tested by conditional jump instruction JFO..

Bit 6 Auxiliary Carry (AC)
Generated by an auxiliary carry, ADD instruction. Can by used
by decimal adjust instruction DA A.

Bit7 Carry flag (CY)
Indicates that an accumutator overflow has taken place with
the previously executed instruction.

Conditional Branch Logic

The conditional branch logic is used to test processor
conditions. Use a conditional jump instruction to test
the conditions shown in table 2.

Control Legic

The control logic generates or receives the signals that
control various functions including memory reads and
writes, interrupts, software STOP mode, resets, and ex-
ternal memory fetches.
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Table 2. - Branching Conditions
Test Dovice Gonditional Jump
Accumulator Ao Notall 0
Accumulator bit - ’ B - . . i
Carry flag ’ 0 1
User flags (FO, F1) - 1

1

1

Timer overflow flag -
Test inputs (T0, T1) 0
Interrupt Input (INT) . . 0 . —

Reset Functions L
A reset performs the following functions:

@ Clears the program counter and the stack pointer
to0 .- :

o Selects register bank and memory bank 0

Sets the data bus in a high impedance state

(except when EA is high) :

Sets ports 1, 2 in Input mode

Disables interrupts (timer and external)

Stops the timer L -

Clears the timer flag, F0, and F1

Disables the clock output from TO

Releases HALT and STOP modes

® 6 9 0o & o

Timer/ Event Counter

The timer/event counter can count external eventsinor-
der to generate a precise time delay. The counter opera-
tion is the same in both modes, the only difference is
the input source. C

The counter is an 8-bit binary up counter (figure 2) that
can bereset. It is possible to transfer the contents of the
timer to the accumulator and vice-versa by using the
MOV A, T and MOV T,A instructions, respectively. The
contents of the counter can be independently initialized
by the MOV T, A instruction. Use the STRT T instruction
to use the counter as a timer and the STRT CNT instruc-
tion to use the counter as an event counter. )

Figure 2, Timer/Event Counter’

8 Bit Timer
Event Counter

* Execution of instruction Enable

49-0005683A
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Once the counter starts, it continues counting until the
program executes a STOP TCNT instruction or RESET
becomes active. The counter is incremented up to the
maximum count (FFH) and overflows when the count
goes from FFH to 00H.

Event Counter, When the T1 pin and counter input are
connected by the execution of a STRT CNT instruction,
the counter starts counting as an event counter. A
change in T1 from high to low causes a count signal
which increments the counter by +1. The maximum
speed of a count increment is one count per 3 machine
cycles. When a 12 MHz crystal is used, the maximum
speed is 1 count per 3.75us. There is no mimimum
speed. After a count signal the T1 input must be held low
at least 250 ns (at 12 MHz). ’

Timer. When an internal clock is connected with the
counter input by the execution of the STRT T instruc-
tion, the counter staris counting as a timer. When used
as amachine cycle clock, ALE is passed through a pre-
scaler which generates an internal clock that incre-
ments the timer every 32 machine cycles. The prescaler
is reset during the execution of a STRT T instruction,
With a 12 MHz crystal, the counter is Incremented by +1
at each 25 kHz clock every 40 us. -

You can obtain a delay from 40 us to 10 ms (256 counts)
by presetting the counter and detecting the overflow. To
obtain time, through software control, in excess of
10 ms, count overflows in a separate register. To count in
steps of 40 us or less, an external clock can be supplied
to the T1 input which causes the counter to operate in
the event counter mode. Use the ALE frequency divided
by 3 or more for the external clock. Use a software delay
loop for fine adjustment of an extremely small or large
delay. -

Ports 1 and 2 Latch and Buffer

Ports 1and 2 are 8-bit input/output ports. The data writ-
ten to the port by an output instruction is latched and
output and the data is maintained unless a new output
instruction is executed. Input data is not latched, so itis
necessary to stabilize input data when reading data by
an input instruction. o

Several port-loading options are available. At the time
you order a mask ROM, (uPDBOC49H), you can desig-
nate the pullup resistors for port lines P1g-P17, P2g-P23,
and P24-P2;. :

Three types of puliup resistors are available:

Tpe 0 (loy=—5pA: Vpp= +5V +10%)
Type1 (lon=—50pA: Vpp= 45V +10%)
Type2 No pullup resistor )

4-259
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Only type O pullu;:; resistors are available with the
uPDBOC39H. - i _

Timing Logic ~ * )

The oscillator generates a clock signal that controls all
system timing operations. Oscillation is generated by
either an external self-oscillating element or external
clock input. The oscillator acts as an internal high-gain
amplifier for serial resonance. To obtain the oscillation
frequency, an external LC network or a crystal or ce-
ramic external resonator may be connected.

As the crystal frequency is lowered, there is an equiva-
lent reduction in series Tresistance (R). As the
temperature of the crystal is lowered, R is increased.
Due to this relationship, it becomes difficult to stabilize
oscillation where there is low power supply voltage.
When Vg is less than 2.7V and the oscillator fre-

quency is 3MHz or less, Ta (ambient temperature)

should not be less than —10°C.

StandbyCorVitrolr S

The standby control circuliry allows low pbwér con-
sumption operation. The standby function operates in 2
modes: HALT and STOP.

HALT Mode

In HALT mode, the osciliation circuit continues to oper-
ate but the internal clock stops. The CPU holds all the
status of the internal circuits just prior to execution of
the HALT.instruction. In HALT mode, power consump-
tion is much less than normal. B

Setting HALT Mode. HALT mode is set by execution
of the HALT instruction and released by either INT or
RESET. If interrupts are disabled and INT becomes low
at a machine cycle right before the HALT instruction
and remains low during 2 machine cycles, the HALT in-
struction byte will be fetched and decoded, but the
HALT mode will not be set. Program operation resumes
from the instruction following the HALT instruction.

If interrupts are enabled under the same conditions as
above, the HALT Instruction byte will be fetched and de-
coded but the HALT mode will not be set and the pro-
gram will jump to the Interrupt start address. After
returning from the interrupt routine, the program will
continue from the instruction following the HALT in-
struction.

Releasing HALT Mode. Release HALT mode by activat-
ing INT or RESET. When ‘using INT to release HALT
mode, a low level is present at the INT pin and the inter-
nal clock is restarted. If interrupts are enabled, the inter-
rupt is executed after the first instruction following the
HALT instruction.

-4-260
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In the interrupt enabie state, hold the INT pin low until

the interrupt procedure is started to ensure the inter-
rupt: T

When using RESET to release HALT mode, a low levet is
present at the RESET pin and the HALT mode Is reset
and a normal reset operation is executed. When RESET
goss to a high level, the program starts from address 0.

STOP Mode

in STOP mode, the oscillator stops and only the con-
tents of RAM are maintained. Power consumption is
fower than that of the HALT mode. You can set the STOP
mode with hardware, by controlling the RESET and
STOP pins; and by sofiware, by executing the corres-
ponding instruction.

Hardware STOP Mode

In hardware STOP mode, the contents of RAM can be
held at a voltage as low as +2.0V.

To set hardware STOP mode, set the RESET pin to a low
level to protect the contents of RAM. Set the STOP pin to
a low level to stop operation of the oscillation circuit.

To release hardware STOP mode, apply the normal oper-
ating level (+2.5V to +6.0V) to the power supply at the
Vpp pin. As figure 3 shows, set the STOP pin to a high
level while holding the RESET pin at a low leve!. This will
restart the oscillation circuit. When RESET is set high
after oscillation circuit operation is stabilized, the pro-
gram Is started from address 000H. Because the STOP
pin controls oscillator operation, be careful to protect
the STOP pin from noise.

When power is turned on, or when STOP mode is
released, the oscillation circuit restarts. Because the
crystal or ceramic resonator utilizes mechanical vibra-
tion, a certain time is required for the oscillation to sta-
bilize. The “t” represents the oscillation stabilizing wait
time in the timing waveform.

During this wait time, it is necessary to stop instruction
execution in order to prevent CPU errors, Therefore, “1”
must be longer than the oscillator’s stabilizing time.

Figure 3. Oscillator Stop and Start

Oscillation Start

- néssr \ ;i

[ t =

49-000566A
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Oscillation stabilizing time differs -somewhat by the
type of oscillator used. With a 6 MHz oscillation fre-
quency, a crystal resonator needs several milliseconds
to stabilize, while a ceramic resonator needs several
hundred microseconds. Figure 4 shows how to easlly
control the hardware STOP mode by externally connect-
ing a capacitor to the RESET pin, This allows control of
the oscillation stabilizing time.

Figure 4. Hardware STOP Mode Control Circuit

Voo

—l'E‘Pullup
Resistor

_‘ ﬁy Char

SV I W

+ External
— Capacitor

o
ol
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Software STOP Mode

In software STOP mode, the osciliation circuits stop,
but the CPU maintains all status of internal circuits and
data existing just before the STOP Instruction. Software
STOP mode is the same as when the oscillation circuit
stops in HALT mode.

In software STOP mode, if a capacitor (Css) is con-
nected to the SS pin as shown in figure 5, you can obtain
the oscillation stabilizing wait time when releasing
STOP mode.

Setting Software STOP Mode. To set software STOP
mode, execute the STOP instruction. This sets the inter-
nal software STOP mode flip-flop which stops the oscil-
lator and turns transistors A and B off and on,
respectively. Capacitor Cgg discharges through transis-
tor B causing the SS pin to go low.

Releasing Software STOP Mode. To release software
STOP mode, apply an INT or RESET input.

When using the INT input (figure 6), a low at the TNT pin
resets the software STOP flip-flop and turns transistors
A and B on and off, respectively. Then the oscillator re-
starts, but since SS is still low, program execution re-
mains stopped. With transistor A on, Css charges and

6427525 N E C ELECTRONICS INC 2

DEg] L42?525 0013548 1
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causes SS to go to a high level. Then, program execu-
tion restarts. The time It takes for 88 to reach the thresh-
old of a logic 1 determines the oscillation stabilizing
wait time.

After software STOP mode is released, if interrupts are
disabled as in the HALT mode, program execution is re-
sumed from the instruction following the STOP instruc-
tion. If interrupts are enabled, the interrupt procedure is
initiated (address 003H) after the execution of 1 instruc-
tion following the STOP instruction. To assure the inter-
rupt, hold INT at a low level until the interrupt procedure
is initiated. Even with short low level timing, the inter-
‘tupt procedure will be assured If you place a 1-machine
cycle instruction after the STOP instruction. However, it
Is recommended that you hold INT low for at least 2 ma-
chine cycles. ’

When using the RESET input, a low level at the RESET
pin resets the software STOP flip-flop. The oscillator
starts and the SS pin goes to a high level as Cgg Is
charged. The program starts from address 000H when
RESET goes high. Also, since  the oscillation stabilizing
wait time is generated when SS is low, the RESET pin
should be held low longer than the SS pin. When the os-
cillation stabilizing wait time is obtained by the exter-
nally connected capacitor, the value of the capacitor
(CrsT) connected to the RESET pin (figure 4) should be
set at least 3 times larger than that of capacitor Css
connected to the SS pin. For example, if Csg is set to
0.33 uF, CrsT should be 1uF.

When no capacitor is connected to the SS pin, the low
level time of the RESET pin should be set to a value
larger than the oscillation stabilizing time and §S
should be open or pulled up with a 1k or more resistor.

4-261
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Figure 5. Software STOP Mode Control Circuit -

Figure 6. Software STOP Mode Timing
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VAR 472" 4

' »

4 = x:20beg g = x:gobeq 2 =xigebey g =x:0bed

G = x:gabeq 6 = X:p abed g = x:gabey L = x:g8bey
uoponasu) TV (@

} 3 = x:20bed v = x:gebeg g = X:gobeg 2 = x:Lebeg
' 0 = x:gabed g8 = X:pobed ¢ = x:2 obed 0 = x:gefed
‘ uoponNsul dWKQ
4=x:g g=xf .=xfg ¢g=xilg

a=x8% g=x¥g g=xg 1=x0g
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Symbol Definitions T ?? - @G, @g
Symbol Description Symbol Degcrlptlon
A Accumulator SP . Stack pointer
AC Auxifiary carry flag T Timer
addr Program memory address (2p-az) or (ag-aig) TF Timer flag
b Accumulator bit (b=0-7) 10, T Testable flags 0, 1
8BS Bankswitch # Prefix for immediate data
BUS Bus port @ Prefix for indirect address
C Carry flag X Indicates the pex number éorrespond_lpg tp the
CLK Clock signal , ﬂgzc:ar:ltélator bit or page number specified in the
il Event counter (x) Contents of external RAM location
data Number or expression (8 bits) ((x)) Contents of memory Iocaﬁon addressed by the
DBF Memory bank flip-flop contents of external RAM location
FO, Fi Flags 0, 1 - Replaced by
INT Interrupt AND Logical product (logical AND)
n Indicates the hex number of the specified register OR Logical sum (logical OR)
_orport XOR Exclusive-OR
PC Program counter ) —— Complement
Fp Port designator (p=1, 2 or 4-7)
PSW Program status word
Rr Register designator (r=_0-7) )
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