NEC

NEC Electronics Inc.

uPD80C39H/49H, .PD49H
HIGH-SPEED, 8-BIT, SINGLE-CHIP
CMOS MICROCOMPUTERS

Description

The uPD80C39H, uPD80C49H, and uPD439H are single-
chip, &bit microcomputers containing an 8-hit CPU,
ROM (80C49H and 49H), RAM, I/ O ports, and control cir-
cuitry. Through CMOS technology, the devices can re-
tain data with low power consumption. In addition, the
processor uses two standby modes (HALT and STOP) to
further minimize power drain.

Features

OOo0O000 goooogoogooo

98 instructions

1.25 us instruction cycle time (12 MHz crystal)
Addition, logic, and decimal adjust functions
2K x 8-bit ROM (LPDB0C49H and PD49H)
256 x 8-bit RAM

Standby function

8-level stack

Two sets of working registers

Interrupt capability

Two test inputs

Internal timer/event counter

Input/output ports (8 bits x 2)

— Data bus alternative to 1/0 ports (8 bits x 1)
Expandable memory and |/O ports
Single-step function

Internal clock generator

CMOS technology

Single power supply of +2.5t0 +6.0V

Intel 8049H, 8039H pin compatible

Item

Pin Configurations

4PDBOCAOH

PDBOC49

Instructions

98 (STOP instruction
added)

97

instruction Cycle

1.25 us (12 MHz
crystal)

1.875us (8 MHz
crystal)

Standby 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 internal or
external ROM is
accessed.
Port Options Type 0: lgy = —5 pA; Type 0: lgy = —5 uA;

Vpp=5V£10%
Type 1. lgy=—50uA,;
Vop=5V £10%
Type 2: no pullup
resistor

Vpp=5V+10%
Type 1: lgy=—5H0 A,
Vpp=5V +£10%

40-Pin Plastic DIP
ot N aPvoo
XTAL1 [ 2 s 1T
xTAL2 [ 3 38 [1 P2y
RESET (] 2 37 O P2
ss s 36 [J P25
iINTO 6 35 [1 P2
EA]7 34 [1 P17
RD s I 332 P1s
FSEN (] 9 § 2P
WAOw F ey
ALE O] 11 fé 30 0Py
pBp {1z O 20 [ P12
pes [ 13 2 2Py
D82 [] 14 27 [ P1g
pB3 [ 15 26 |1 STOP
0By [] 16 25 '] PROG
pBs (] 17 24 [1 P2
DBg [] 18 23 [ P2
pB7 [ 19 22 [1 P24
vss [ 20 21 [ P2y
B3-002788A
44-Pin Plastic Miniflat
8
gEffsg 88883
- 44 43 a0 a7 AN
§TOR 1T _J1 [ 1T 1 DB,
P1g I O [ 1T Jos:
Py 11T 31T ] pe,
P12 I J4 1T 1D8g
P13 1T [T 1 ALE
Pl [IT ] #PDA%H 28 T 1wWR
Ppis_JT—}7 11 ] PSEN
NC (1T [T 1RD
P1g T 25 TT 1 EA
P1z (1T} 10 [T 1iNT
P2q CTT] [T 188
AN ® B 22/
¢ FS§F8P 33k
5k u
83-002790A
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Pin Configurations (cont}

52-Pin Plastic Miniflat

P
[T P15

[ 111 P13

1] P12
[11] Plo
[TT1 NC

51}:[1] NC
[TT] NC
[11] P24

49 [11] Pty

46 [11] P1a

a3 {10 Ph

40 [T0) vop

NC 1T 1 O W:II] NC
p2g (11 111 PROG
NC (I 37 [T P23
P2 (1] 4 111 P22
P27 (11 [T P24
T I} 3a [TI1 P2
Vee (01 7 uPDBOCASH 11 1c*
NC [T [ 1L} Vss
To (1] 31 [JI] DB7
XTALY (I1.] 10 [ 11 DBg
XTAL2 {IT] [11] DBs
RESET 1] 28 [117 DBy
NC (T [ 11J NC
\ /

NcD:l:j ©
5 1
INT I 16
EA (OI-
RD (1T

PSEN 11 ] 1¢

WR 11}
ALE 1]}

DBg (11 22
DBy (1]
DBz (1]
pB3 (0] 25
NC (I}

*Intemnally connected

topin 7
83-003889A

Ordering information

Part Max Frequency

Number Package Type of Operation ROM

uPD80OC39HC 40-pin plastic DIP 12 MHz None

wPDBOC49HG-00 52-pin plastic 12 MHz 2K x 8 bits
miniflat

uPDB0OC4SHC 40-pin plastic DIP 12 MHz 2K x 8 bits

uPD49HG-22 44-pin plastic 12 MHz 2K x 8 hits
minifiat
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Pin Identification

Symbol Function

T0 Test 0 input / clock output

XTAL1 Crystal 1input

XTAL2 Crystal 2 input

RESET Reset input

5§ Single step input

INT Interrupt input

EA External access input
Read output

BSEN Pragram store enable output

WR Write output

ALE Address latch enable output

DBy-DB7 Bidirectional data bus

Vsg Ground

P2¢-P27 Quasi-bidirectional port 2

PROG Program output

STOP Stop input

P1y-P17 Quasi-bidirectional port 1

T Test 1input

Vop Pawer supply

NG Not connected

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

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

TO (Test 0)

The JTO and JNTO instructions 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.

T1(Test 1)

The JT1and JNT1instructions test the level of T1and, 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)

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 during the release of the software STOP
mode.

INT (Interrupt)

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 resulits, a jump to the
specified address can occur.

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).

WR (Write)
'WR enables a data write to external memory.

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.
DBp-DB7 (Data Bus)

DBg-DBy is a bidirectional port. DBp-DB7 reads and
writes data using RD and WR for latching. During an ex-
ternal program memory fetch, DBp-DB7 output the low-
order eight bits of the memory address. PSEN fetches
the instruction. DBg-DBy7 also output the address of an
external data memory fetch. The addressed data is read
and written by RD and WR.

P1g-P17 (Port 1)

P1p-P17 is an 8-bit quasi-bidirectional port.

P2o-P2; (Port 2)

P2p-P27 is an 8-bit quasi-bidirectional port. P2g-P24
output the high-order four bits of the address during an
external program memory fetch. P2p-P23 also function
as a 4-bit 1/0 bus for the uPD82C43 1/Q port expander.
PROG (Program Pulse)

PROG is used as an output pulse during a fetch when
interfacing with the uPD82C43 |/ O 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 (+25V to +6.0V).

Vgs (Ground)
Vgg is ground potential.
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uPDB8OC39HI49H, .PD49H
Block Diagram
T 128 x B RAM
XTAL Timing Register 0-7
XTAL2 —— Loge (W'wmh)
LN RAM
I s ) § o
wR Data Store
RD —
Multiphexer
58 —g . i r
PSEN +——0) (" Cﬁ
-] Control K
ME Logie 2K x 8 ROM og : Lo and { @ )ru-py
B — = =
N E
oa-—] o ] ) e e
RESET Latch
) ol
T ¥
= N
Standby conumoL::ksumh
5YOF —9 imer.
" DR G —
Power Voo ——= +25-4+ 6.0V Acc At Cary Timer | Fisg0 int il
Supply Bit
Vg —— GND To T1 Test Ny
43-0005578
Absolute Maximum Ratings DC Characteristics
Ta=25°C Standard Voltage Range
Power supply voltage, Vpp Vg —0.3Vto +7V Tp= —40°Cto +85°C,Vpp = +5V £10%, Vsg =0V
input veltage, V| Vgg ~0.3VtoVpp +0.3V Limits Test
Output vottage, Vg Vgg —0.3V1toVpp +0.3V Parameter Symbol Min Typ Max Unit Conditions
Qperating temperature, Topr —40°C to +85°C :nput voitage Vi -0.3 +08
ow
Storage temperature, TgTg -65°C to +150°C
Input voltage  Viy  Vpp-2 Voo vV  Except XTAL1,
Comment: Exposing the device to stresses above those listed in Abso- high XTAL2, RESET, 55
jute Maximum Ratings could cause permanent damage. The device is
not meant to be operated under conditions outside the limits de- Vier  Vop-—1 Vpp vV RESET XTAL,
scribed in the operational sections of the specification. Exposure to XTALZ, S8
absolute maximum rating conditions for extended periods may affect Output voltage VoL 4045 Vg =2.0mA
device reliability. low
Output voltage  Von 2.4 V  Bus, RD, WR,
high PSEN, ALE, PROG,
TO; lgy=—400 pA
Vori() 2.4 V. lon=-—5pA(type
0) port 1, port 2
2.4 V  lgy=-50uA
(type 1) port 1,
port 2
Vouz Vpp-0.5 vV Al outputs,
loy=-0.2uA
Input current 1 p(1) -15 —40 pA  Pori1 port2; Vi<
Vit {type 0)
-500 wA Port1 port2; Vi<
Vi (type 1)
hiLe —-40  uA  SS,RESET,
Vi€V
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DC Characteristics (cont)
Standard Voltage Range (cont)
Ta=— 40°Cto +85°C,Vpp = +5V+10%, Vgg =0V

yPD8OC39H/49H, .PD49H

Extended Voltage Range (cont)
Ta= —40°Cto +85°C,Vpp = +25Vto +6.0V,Vgg=0V

Limits

Test
Limits Tost Parameter Symbol Min Typ Max Unit Conditions
Parameter Symbol Min Typ Max Unit Conditions Standby current Ippy{4) 03 06 mA Vpp=3V,
— tey=5us
Input leakage I +1 A T1,1NT 570P; CY=voH
current Vgs<V)<Vpp 20 40 mA YDD =162\{_)
cy=125ps
| +3 ph  EA; Vgg<Vi<Vpp
L2 5 Iop2(5) 1 20 WA (2):Vpp=3V
Output leakage I g +1 A Vsg<Vg<Vpp PRRTNYY
current High impedance. ! 50  wA Vpp=
bus, T0{3) Supply current  Ipp 20 40 mA Vpp=3V
Standby current Ipp;(4) 15 3.0 mA toy=125us Igy=5us
10 20 mA  Vpp=6V,
| 1 2 A (2 DD .
pp2(3) 0 WA (2 b 1,25 s
Supply current | 6 18 mA  toy=125us
(tofall))y o cY K Note:
(1) Types 0, 1, and 2 options can be specified for uPD80C49H.
Dataretention  Vpppg 2.0 V' Athardware STOP Type O for uPD8OC39H only.
voltage - mode (STOP, . .
RESET<0.4 V) or (2) Input pin voltageis V<V orV=V.
RESET (3) Includes port 1and port 2 pins optionally specified with type 2.

(RESET<0.4V) (4) HALT mode.

(5) STOP mode.

Extended Vollage Range

Ta= —40°Cto +85°C, Vpp = +25V 10 +6.0V, Vgg =0V AC Characteristics

Ta= —40°C to +85°C, Vgg =0V

Limits
Test Limits
Parameter Symbol Min Typ Max  Unit Conditions
Vpp = Vpp=
Inputvoltage Vi~ -03 +0.18Vpp V +5V10% 2.5Vi06.0V Tost
i
o Parameter Symbol Min Max Min  Max Unit Conditions
Input voltage Vin 0.7Vpp Voo V. Except XTALY, . -
Vi 0.8Vpp Vop V. RESET, XTALY, ALE pulse width 1| 125 995 ns 1)
XTALZ, 85 Addresssetup  ta, 140 890 ns (1)
Output voltage Vg +0.45 Vg =1.0mA before ALE
low Addresshold  ta 45 295 s (1)
Outputvoltage  Voy  0.75Vpp vV Bus, RD, WR, from ALE
high PSEN, ALE, PROG, Controlpulse ooy 425 2300 ns )
T0; lgy=—100 pA width (RD, WR)
Vom(1) 0.7Vpp V. low=-TuA(type Controlpulse  tocp 300 1400 s (1)
0) port 1, port 2 width (PSEN)
0.7Vpp V' lon=—10uA (type Data setup tow 340 1965 ns 0]
1} port 1, port 2 betore WR
Input current K p(1) -1  -40 pA  Portt, port2; Vi< Data hold after _ twp 5 295 s @)
Vi (type 0) WR
—500 A Pt por2VIS o hodater om0 9 0 470 s (1)
Vi (type 1) D BSEN
! —40  uA  SS, RESET Vi< ———
ILe # Vi : RDtodatain  tgpy 300 1800 ns (1)
Input leakage I +1 uh 1, W‘[ STOP: PSEN 10 data in tRp2 175 1300 ns (1)
current Veg<VisVpp Address setup  taw 350 1850 ns (1
|L!2 +5 uh  EA; VSS$ V|$ VDD betore WR
Output leakage  I1p +1 pA  Vgs<VosVip Address setlup 1AD1 700 3585 (1)
current High impedance, before data in
bus, T0(3) (RD)
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AC Characteristics {cont) AC Timing Test Points (Except RESET, XTAL1, XTAL2, SS)

Tp= ~40°Cto +85°C, Vgg=0V
{(a)Vpg= +5.0V:10%
Limits > Vop—2 Vpp—2
Vpp = Vpp= Test Points
+8V10% 2.5V106.0V . Ko emromes =2 X
est 0.8 0.8
Paramaeter Symbol Min  Max Min  Max Unit Conditions
Address setup  tap2 500 2750 ns 0! (B} Voo = +25 10 6.0V 0.7Vgp 0.Vop
b-gfso—re— datain X'_T> Test Points =—_a z
{PSEN) 0.18Vpo 0.18Vpg
Address floatto  tapcy 105 600 ns {1 U
RD, WR
Address floatte  tagce O 125 ns M R
FEN Timing Waveforms
ALEtocontrol Y arCt 175 925 ns (1 .
signal (RD, WR) Instruction Fetch (External Program Memoty)
ALEtocontrol  tapce 90 425 ns (1) tey
signal (PSEN) et -
LAFC2
Controlsignal  fear 35 285 s () ae | |
(RD, WR, PROG)
to ALE
Control signal ~ tcap 280 1285 ns )]
(PSEN) 10 ALE
Port cantrol iop 85 460 ns (3)
setup before
falling edge of
PROG
Port control hold  tpgy 0 80 0 2000 ns (3, 4) Read (External Data Memory}
Port control hold  tpgz 135 1135 ns (3,9)
after falling edge
of PROG — tarer fo—
PROG 10 time P2 tpg 585 75 ns (3) ae | l | L
input must be l— tocs _.J,.ﬂw.l
valid S |
Input data hold  tpr 0 125 0 50 ns (3) tarct le— _.1 ton
time Floating
Bus Floating YAdd Floati
Ouputdata  fgp 350 1850 s (3) ue Dom N b
setup time taon ne
Output data hold tpp 75 450 ns (3)
time
PROG pulse tp 625 3250 ns ) Write (External Data Memory)
width
Port2|/0Qdata tp 135 135 ns 3 . r
setup time |
ALE |
Port21/0data tp 5 125 ns (3
hold time o tees——]—tews
AlEtopot oy 475 600 ns (3) we - o
output
TO clock period  tgprg 250 1000 ns (3)
Note:
(1) Contral output: Gy = 80 pF, bus output: C_ =150pF 430005718
(2) C_=20pF

(3) Control output: G =80pF
(4) At execution of MOVD A, Pp instruction
(5) At execution of MOVD Pp, A; ANLD Pp. A; ORLD Pp, A instructions
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Timing Waveforms (cont) Bus Timing Requirements
Symbol Timing Formula Min/Max Unit
Port 2 Expansion Timing m (7/30) toy— 170 Min ns
taL {1/5) tgy—110 Min ns
e b °""°L—K1—m A (1/15) toy—40 Min s
Expander et fe-be m—tor—>] =teo tect (1/2) toy— 200 Min ns
o P z A\ LI toca (2/5) 1cy—200 Min ns
roander Port 2,-Port 2; Data o f tow (13/30) tgy — 200 Min ns
port PCy s -, XX Af(___ Wb (1715} 1gy — 40 Min ns
pongponzgbae “ Miehr 1 TR | iy (1710 oy 30 Max ns
PROG Port Control " /- thp1 (2/5) gy —200 Max ns
tRo2 (3/10) toy —200 Max ns
taw (2/5)tgcy—150 Min ns
1/0 Port Timing a1 (23/30) tgy - 250 Max ns
2nd Cycle taD2 (3/5) tey—250 Max ns
ferCyae Fj_\ﬁir‘"” tarci (2/15) 1oy — 65 Min ns
ALE_/_\— —/_ tarc2 (1/30) tgy—40 Min ns
ARG (1/5)1cy=75 Min ns
= N HLAFC (1/10) toy - 75 Min ns
oAt (1/15) toy - 50 Min ns
PZOO—U‘:i% } BCy j( Port 2;-Port 2; Data @ew P29=P23 Da?a)@:,‘ Icaz (4/15) tcy—50 Min ns
tcp (1/10) tgy - 40 Min ns
P24—P2y .
PPy Port 2,-Port 2, Data, Port f,-Port1; Data X New Port Data tpe2 {4/15) toy—200 Min ns
S (17/30) toy — 120 Max ns
P (1/10) tgy Max ns
top (2/5)tcy - 150 Min ns
tpp (1/10) tgy - 50 Min ns
tpp (7/10) tey - 250 Min ns
tpL (4/15) toy—200 Min ns
tLp (1/30) toy—40 Min s
tpy (3/10) tgy +100 Max ns
t0PRR (1/5)toy Min ns
foy (1/fxTAU % 15 us
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E

Operating Characteristics

Qutput Current High IoH [uA]

B3-003739A

Qutput Current High Ion [uA]

83-003741A

Output Current Low lgg [mA]

10H v8 VOH
—800
Ta=25°C
Ypp =45V
k- Typ
x
o
=
o
T 0 \
E Min
-1
o
2
3
<]
l :
k] 4
Output Voltage High You [V]
IoH vs VDD
-200 —20
Ta=25°C
VoW1 = 24V
g 0 15
X
o
£
K4
I
z 100 10
4
=1
5]
£ -50 -5
8 /
- o
A -4 {
g F 1
3 [} 5
Supply Voltage VDo (V]
loL vs VDD
3 T
] Ta =25°C
VoL =045V
|
_ | [
« ! |
E
3 |
° i
i, | 1
pot L |
§ | -
2 l ;
£ l |
(=] : \ z
2 4 5 ]
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Supply Voltage Vpo [V]

83-003740A

IOH vs VOH
—150 1§
\ Ta =25°C
\ Vpp— 45V
~100 -10
—50 -5
- o
a8 8
) L)
- -
0 5
Output Voitage High YoH 1 (Y]
1OH ¥s VDD
—0.4 T
Ta = 25°C
VoH2 = VDD —05V
02 //
//
0 |
2 3 4 5 6
Supp'y Voltage Vpp (V)
loLvs VoL
a
Ta=25°C
Vpp =45V
2 // |
Pl
-
-~
P
~
/
«
3
o
]
o g
1] 0.5 1.0

Output Voltage Low Vo (V]

83-003742A
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Operating Characteristics (cont)

lpp/IDD1 vs § Ipp/IDD1 vs f
20 { l i Ta =25°C
10 v =
Ta=25°C 1o Max |1 Do =3V
Vop=55V S T
_» = € 5 Ipp Max
; H==— < =
=  a o P b
5 S —= oo Typ | g, R oo Ty
3 == op1 M 8 "7
DD1 Max |t - " -t
._? 2 P Rl E 1 -
- L 4 —
§ T oo TYP | |t~ R —— 1007 Max
3 1 g L o
[ - —— » 0.5 JIp By =
= P ——
I3 —— i = 1po1 Typ
2 A -
a 05 § 02 _ PR s é
s _____._——'-"" 5
g §
0.2 2 0.1 3
01 0.2 0.5 1 2 5 10 15 0.1 0.2 0.5 1 2 3
Supply Voitage Vpp [V] Oscillation Frequency f [MHz] [{ = 15 tcy)
Curves below 1 MMz show characteristics for extarnal oschlation Curves below 1 MHz show characteristics for external oscillation.
tcy vs VDD tpC1 Max [80C49H] and tacc Min [82C43] vs VDD
200 250
2 e To=25°C
100 » E
s =
o 58 00 \ uPD82C43
® & x 1acc Min
E Operation E @
- Secured Area £ é 150 N
o 2 ° #PDBOCASH ~
¢ 22 tPCt Max \
E - a
i - £3 1 S~ T~
E g ‘2 J .
o s ‘ - =] \\\\\sﬁ
1 - 4
. g s
9 s
: : b 8 o S
- ¥ ¥
z ~ pd 39 z
Ta= 4010 +85°C . _ 8 2= §
1 ] 8 0 » 2
2 3 4 5 ] 1 2 3 4 5 ]
Supply Voltage Vpp [V] Supply Voltage Vpg [V]

Note: Curves without “operation secured area” show reierence data.
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Functional Description

The uPD80C39H/uPD8OC49H has the following func-
tional blocks:

Instruction Decoder

The instruction decoder stores the operation code of
each instruction and converts it into outputs that con-
trol the functions of each block. These outputs control
the functions executed by the ALU, data source, and
specified registers.

Arithmetic Logic Unit (ALU)

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

The ALU executes the following functions:
Add with carry or add without carry
Logical AND, OR, XOR

Increment and decrement

Bit complement

Rotate left and right

Swap nibbles

BCD decimal correction

When a carry results from ALU overflows, the carry bit of
the program word is set.

Accumulator

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

Temporary Register

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 uPD80CA49H contains a mask-programmable ROM
of 2048 x 8 bits that can be addressed by a program
counter. The uPD8OC39H 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
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counter exceed the built-in ROM area, the external pro-
gram memory will be automatically accessed by
DBg-DBy, P2g-P23, and PSEN.

Data Memory

The pPDBOC39H/PDB0C49H has 128 words X 8 bits of
data memory that can be externally expanded 256
words maximum when needed.

RAM Address Register

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

Program Status Word

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

Figure1. Program Status Word
7 6 S5 4 3 2 1 0
CY Carry
ﬁv[m[ HEE | s2 | s | so | :g:;;igary(:arry
t T 1 T - BS Register Bank Select
Stack save possible Stack Pointer
49-000561A
Table 1. PSW Bit Functions
Bits 0-2 Stack pointer bits (S0-52)
ATRESET clears the stack pointer to 0.
Bit 3 Not used (1).
Bit 4 Working register bank switch bit (BS)
0=Bank C
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 accumulator 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 Logic

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 Device Conditional Jump
Accumulator AllO Notall 0
Accumulator bit - 1
Carry flag 0 1

User flags {F0, F1) - 1

Timer overtlow flag - 1

Test inputs (TO, T1) 0 1

Interrupt input (INT)

Reset Functions

A reset performs the following functions:

* Ciears the program counter and the stack pointer
to0

e 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

Clears the timer flag, FO, and F1

Disables the clock output from TO

Releases HALT and STOP modes

* & & & & 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.

The counter is an 8-bit binary up counter (figure 2) that
can be reset. Itis 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.

Figure2. Timer/Event Counter

. Prescaler
XTAL <15 —= (+32)
MOV T, A*
MOVA T
STRTT*
- STRT CNI)' 8 Bit Timer Timer
AL Event Counter Flag (TF)
o T
STOPT* JTE*
INT
* Execution of instruction Enable
49-000563A

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 O0H.

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 TTinput must be held low
at least 250 ns (at 12 MH2).

Timer. When an internal clock is connected with the
counter input by the execution of the STRT T instruc-
tion, the counter starts counting as a timer. When used
as a machine 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 deiay from 40 us to 10 ms (256 counts)
by presetting the counter and detecting the overfiow. To
obtain time, through software control, in excess of
10 ms, count overflows in a separate register. To count in
stepsof 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 adjusiment 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 cutput
instruction is executed. Input datais not latched, so itis
necessary to stabilize input data when reading data by
an input instruction.

Several port-loading options are available. At the time
you order a mask ROM, (uPDB0C49H), you can desig-
nate the puliup resistors for port lines Pig-P17, P2p-P23,
and P24-P27.

Three types of pullup resistors are available:

Type 0 (lgy=—5pA: Vpp= +5V +10%)
Type 1 (lgn=—50pA: Vpp=+5V +10%)
Type 2 No pullup resistor
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Only type O pullup resistors are available with the
uPDB0OC39H.

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 resistance (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.

Standby Control

The standby control circuitry allows low power con-
sumption operation. The standby function operatesin 2
modes: HALT and STOP.

HALT Mode

in HALT mode, the oscillation 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.

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.
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In the interrupt enable state, hold the INT pin low until
the interrupt procedure is started to ensure the inter-
rupt.

When using RESET to release HALT mode, a low level is
present at the RESET pin and the MALT mode is reset
and a normal reset operation is executed. When RESET
goes 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
lower than that of the HALT mode. You can set the STOP
mode with hardware, by controlling the RESET and
STOP pins; and by software, 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 +6.0 V) 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 level. 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 restaris. 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, “t”
must be longer than the oscillator’s stabilizing time.

Figure 3. Oscillator Stop and Start

Oscillation Start
RESET \ Y
STOP \ 7

e 1 =

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 microsecends. Figure 4 shows how to easily
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

VDD

—| P Puliup
Resistor
04 RESET
—I n + External
'jl' Casr - Capacitor
<} & STOP
43-000567A

Software STOP Mode

In software STOP mode, the oscillation 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 (Cgg) 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 Moade. To release software
STOP mode, apply an INT or RESET input.

When using the INT input (figure 6), a low at the INT 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, Cgg charges and

causes SS to go to a high level. Then, program execu-
tion restarts. The time it takes for SS 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-
rupt procedure will be assured if you place a -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 S8 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 Cgg
connected to the SS pin. For example, if Cgg is set to
0.33 uF, CrsT should be 1uF.

When no capacitor is connected to the SS pin, the low
levei time of the RESET pin should be set to a value
larger than the oscillation stabilizing time and SS
should be open or pulled up with a 1k or more resistor.
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Figure 5. Software STOP Mode Control Circuit Figure 6. Software STOP Mode Timing
Software 5 .
STOP F+F — S
STOP* JE— \ £c /
a s RESET ?Y
INT
A i —
Voo U
A # Execution of STOP
I[ e instruction !
33 Oscillation
ss Stabilizing
-L Externat Wait Time —
ernail
;i n Css l Capatitor
*Execution of instruction
49-0005684
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Symbol Definitions
Symbol Description Symbol Description
A Accumulator SP Stack pointer
AC Auxiliary carry flag T Timer
addr Program memory address (ag-az) or (3p-a10) TF Timer flag
b Accumulator bit (b =0-7) T0, T Testable flags 0, 1
BS Bank switch # Prefix for immediate data
BUS Bus port @ Prefix for indirect address
c Carry flag X Indicates the hex number corresponc!ing to the
CLK Clock signal 2;<;lrjgr1‘télator hit or page number specified in the
CNT Event counter x) Contents of external RAM location
data Number or expression (8 bits) ((x)N Contents of memory location addressed by the
DBF Memory bank flip-flop contents of external RAM location
FO, Fi1 Flags 0, 1 -— Replaced by
INT Interrupt AND Logical praduct (logical AND)
n indicates the hex number of the specified register OR Logical sum {logical OR)
or port XOR Exclusive-OR
PC Program counter — Complement
Pp Port designator {(p=1, 2 0r 4-7)
PSW Program status word
Rr Register designator (r=0-7)
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