{ Ordering number : EN4950A

CMOS LS

No. 4950A / / LC72323

Single-Chip Microcontroller with PLL
aud LCD Driver

Overview

The LC72323 is a single-chip microcontroller for use in
electronic tuning applications. 1t includes on chip both
LCD drivers and & PLL circuit that can operate at up 10
150 MHz. It features a highly efficient instuction set, and
powerful hardware,

Functions

+ Stack: Eight levels

» Fast programmable divider

+ General-purpose counters: HCTR for frequenc
measurement and LCTR for frequency or perig
measurement

» LCD driver for displays with up to 56 segméms
(1/2 duty, 1/2 bias)

» Program memory (ROM): 3 k words by 16 bits:

» Data memory (RAM): 256 4-bit digils

« All instructions are single—word instrucl_iﬁns"

» Cycle time: 0

* Unlock FF;

« Timer FF:

« Input ports*:

» Quiput ports*:

' SANYQ: QIPBOE

+ GCBisa lraabm&ﬂ\t ol GANYQ ELECTRIC CO., LTD,

« CCB Is SANYO's original bus format and all the bus
addresses are conirolled by SANYO.

SANYO Electric Co., Ltd. Semiconductor Business Headquarters

TOK YO OFFICE Tokye Bidg., 1-10, 1 Chome, Uenn, Taito-ku, TOKY(, 110 JAPAN

328961IA (OT)/31595TH (OT) No, 4950-1713



LC72323

Pin Assignment

® Oedicaied n-channel ™ ® ¢ Dedicated inputs
opon-draift ovipuls The input breakdown vollage is 13V
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Block Diagram
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LC72323

Specifications
Absolute Maximum Ratings at Ta = 25°C, Vgg =0V
Farameter Syimbol Conditions
Maximum supply vohage Vpo max
Vin1 FOLD, TNT, RES, aDI, NS, and the G pon
Inpul votage
Vine Inputs olharthan Vi1
Gutput vollago Your! | Heon
Voyure [ Oulpuls olher han Vel
lout? AN D and H pont pins
Otput curront lout2 A E and F por pllns
lourd All B and C port pins
loytd $1to 528 and all | per plhg
Allowable power dissipation Pd max | Ta=-4010 +85°C
Oparating lemparature Tapr
Storage tetnporature Tsig 510 +125 G
Allowable Operating Ranges at Ta = —40 to +85°C, Vpp =
Paramneter Symbol o Uit
Vop! 58 v
Supply vallage Vop2 55 v
Vppd 55 v
Vit 8.0 v
Vi 8.0 v
Vil 8.0 v
Ingrut high tovel voltage Vit Voo v
Voo v
Voo v
0.3 Vop v
0.2 Vpp v
13 v
Input low lovel vollage 0.2 Vop A
0.3 Vpp v
0.2 Vo ¥
\ 0.4 Vpp v
HIN 40 15 5.0 MHz
FMIN, y‘,ﬁﬁ, ¥pp! 10 130 Mtz
FMIM, ¥u3, Vpp1 10 150 MHz
UL requency Aﬁilmo_) Vind. Vpo! a5 0 Mtz
5 [FAKAIN (H), V)5, Ypp? 2.0 40 MiHz
GTR, Vjy6, Vpo 1 04 12 MHiz
LCYA (frequency), ¥iy?, Vop ! 100 500 kHz
LGTR (period), VB, V)16, Yop? 1 20 % 108 Hz
XIN 0.50 1.5 Yrms
FAIN 0.10 1.5 Vs
FMIN 0.15 1.5 vrms
AMIN 0.10 1.5 Vrms
LCTR, HCTR 0.10 15 wrms
Inpul voltage range ADI 0 Voo v

No. 4950-4/12




LC72323

Elactrical Characteristics for the Allowable Operating Ranges

Rafings
Parameter Sy mbol Condiicns . Unh
Hystaresis Vi LCTR (period), RES, INT, PE1, PE3
Rejected pulse width Prgd SNS
Power-down delocllon vollage Voer
! TNT, HOLD, RES, ADY, SNS,
and G port: V, =5.5 V
2 A, E, and F pors: E and F porls with A
input high level current oulpuls of, A port with no Bpg, V| = Vpp
3 XIN: ¥y = Vpp = 5.0V A
FMIN, AMIN, HCTA, LCTAR:
(oL} Vy=Vpp =50V pA
(%) A par: With an Rpp, V) = Vpp = 6.0 pA
| Do A 0| o
Input fow level curem 2 :utgu?: g"F io::n i:: ?,:ggf \Tﬂ_hv 3.0 BA
3 XIMN: Vi = Vg 5 A
I 4 FMIN, AMIN, HCTR, L::‘rﬁ v| 30 | pa
Ingzut floading voltage ViE A pon: With an Ap 0.05 Vo v
Puli-dewn resislance RApp A porl: With an Rgp 100 200 ke
EO1, EO2: Vo Vo 0.01 0] ma
Qutput bigh level oft leakage current ‘e a0 | pa
50 | pa
Quiput low level off leakage currant oo 10 n
3.0 RA
Vpp—2.0 Vop— 10 Ypp - 0.5 v
Vop— 1.0 v
Voo - 1.0 v
Quipul bigh level voliage Vo - 1.0 v
Vpp— 1.0 v
Vpp— 1.0 v
Vpp—0.75 Vpp - 0.5 Vop - 0.3 A
0.5 1.0 2.0 ¥
1.0 v
1.0 v
1.0 v
Quiput low lovel vollage (5110 $2B ard the | pori: Iy = 0.1 mA 1.0 v
D pbriig = 5 A 1w ]| v
Gq!ah COM2: | =25 pA 03 05 0.75 v
Fpor: I = 5mA, Vppi (150 Q) 0.75 {400 ) 2.0 v
"COM1, COM2: Vo = 5.0V, I = 25 pA 20 25 3.0 v
ADI: V! 172 12 | LsB
Vppl, T2 = 130 MHz 15 20| ma
N 27 m
Vo2, PLL stopped, CT = 13.33 ps 10 mA
(HOLD moda, Flgure 1}
Vpp2. PLL stopped, CT = 40.00 us 07 mA
{HOLD moda, Flgure 1)
Vpp = 5.5 V, oscillalor slepped, Ta = 25°C 5 yA
{BACK UP meda, Flgure 2)
Vpp = 2.5 V, escillator stopped, Ta = 25°C 3 pA
{BACK UP mode, Figure 2}

No. 4950-5(13
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Test Circuits

IopF

4. 54Hz

[ x v
XouT IN oo

30pF _ } FHIK
t——— AMIN
t+———HCTR
t— LCTR

TEST1. &

Note: PB to PF, FH, and Pl are all open, However, PE and PF are ouiput selectad,

30RF
4, 5MHZ ;
l [T
A0pF l P
]

AORLLT
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Pin Functions

Pin Pin Nb. Funclign i) G circuit bypa
Low-threshold type dedicated input port
PAD 35 These pins can be usad, lor exampla, for key data acquisition,
PA1 3¢ Buill-in pull-down resistors can be speciliad ag an option. This Input
PA2 k] oplion igin 4-pin units, and cannol be specilied lor individual
PA3 g2 | Pins.
Input through thase pins is disatlad in BACKUP mode.
FBO a0
PE1 29 Dedicaled output porns
Pp2 28 Since the ouiput kangiator impedances are unbatanced
PR3 27 CMOS, these pina can be eflactively usad for functiens such
as key scan liming. These ping go to Ihe oulput high-
PCo 2 impedanca stole in BACKUP mode.
PC 2% Thease ping go 1o the low level during a reset, l.e., when Ine
PC2 24 FIES pin is low.
PC3 23
PDo 22 Dedicaled ourput ports AG2 1O
PD4 1 These are nomal CMOS oulputs, Those pins ¢
PD2 20 high-impedance stale n BACKUP made.
Theasa ping ga 10 the low level during a res
pPo3 13 AES pin is low.
1O port
PED 18
PE1 17
PE2 16 These pins go to the i \ BAGK UP
PE3 15 FES pin is low. i
disablad, E FD‘
]
Y
O port | -
PFO apa121
PF1 lor individual pins.
PF2 n aresat, e, when the
lhe inpul mode with inpul
, DACK UP
[]
E
Input
FLETE T

Continned on next page.
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Continued from preceding page.

High {2 1o MH2) — SW
Léw. (0.8 1610 MHz) — LW and MW

Fin Pin No. Funclions e} VO circuit type
Dedicated outpul porl
PHO 0} Since these pins are tigh-braskdown voltage n-channel
PH 9 transiglor open-drain Dutpuis, they can be olfectivaly used lor
) o Dulput
PH2 funglions such as band power supply switching.
PH3 7 These ports go [o he high impedance siate during a reset,
i.e., when the FRES pin is low, and m BACKUP moda.
Dedicaled culput port
Whilg thesq pins have a CMOS$ oulpul circuit siructure, they
can bo switched to lunciion as LCD drivars, Their lunction is
gwiiched by the S8 and RS instryclions. These pins cannot
PI1S25 a9 oo swilched individually.
PI11526 a8 The LCD drivar lunciion ig selected and a segmaent-oll signal
PI21S27 37 is oulput when powor is lirs| npplied ar when FES is low.
PI3/S28 38 Thesa pins ara held at the low level in BACKUP modo.
Nole Lthat when the general-purpose port use oplion s
specilied, these pins oulpul the contents of IPORT whe Ao3104
is 1, and the contents of the general-purgose autpul
LATCH when LPC is 0.
LCD driver segmoni oulpuls
A lrame frequency of 160 Hz and a 1/2
typo ara usad. i
S11t0 524 | 63040 Y
1
! BACK UP
AOS438
BACK UP
A031e0
A
HOLD or PLL STOP
instruction
AQ3107

Continued on next poge.
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Conunued from preceding page.

#in

Pin Mo,

Functions

ItQ

WO dircuit type

HCTR

70

Universal countar input

The input should be capacitor coupled.

The input frequency range is from 0.4 10 12 MHz.

This input can be elfectively used for FM IF or AM 1F counting.

LCTR

Al

Universal counter input

The input should be capacitor coupled for input requencies in
the range 100 to 150 kHz.

Capacitor coupling is not raquired lor input hequencies from
110 20 Hz.

This inpui can be efleclively used for AM IF counling.
This pin can also be vsed as a normal input port.

Input

ADI

69

AD converter input

A 1,28 s period is required for a B-bit sequential comparis
converslon. The full scale input is ({63/86) - Ypp) for ada‘f
value of 3FH. ;

=

66

External interrupl request input

Aninlerrupl Is generated when lhe INTEN Bﬁg} 9 sel {by an
55 |nstruchon) and a falling adge is bnpu

77
78

COMPASON error oulpuls
Charge pump circults are

f
HOLD er PLL. STOP
instruction

ACALES

AC312%

ADALDG

|

[0
=
]

AUN1L

X
[=

*r;re Lérzazrgm\me
se by an §8° NS0

403131

S signal should be feld

B

he

nédback rosisior is built in,

\gp@tﬂ‘f& leet & Gwsr-up resel. Inpul
e fosht g |
ﬁa?anca g cyclos AGDSRE
]
InpLi XIN : o
Ouiput

)
XouT l;']——
1
1
1

AQA1n2

TESTH g LS! test pins, These pins Musl be connected 1o Vg, —
TEST2 78
Voo 31,73 P suppl
oWET SU| -
Vss 76 !

Neo. 4950-5/13



LC72323

Mask Options
No. Description Selechons
1 woT tehdog L inclusi taci WOT inciuded
wa mor] inclusion selection
(watchdog timer) ' No WDT

Pull-down resislors inciuded

2 Posl A pull-down rasisior inclusion selection -
No puli-down resisiars
267 ps
3 Cycle time seleclion 13.33 us
40.00 us
LCD porls

4 LCD pottgendal-purposa parl selechon

Ganearal-puiposa outpul ports

Development Environment

= The LC72P321 is used for OTP.

+ The LC72EV321 is uscd as the evaluation chip.

» A total debugging sysiem is available in which the TB-72EV32;
cmulator are controlled by a personal compuier.

e RE32 muiti-funciion

PERSONAL COMPUTER

WMBC-905
IBM-PC-AT
NEC-PCOB

RS-232C

EVACHIP TARGET BOARD
{TB-72EV32)

oy 4P
— Verd.1

y .1 et 05 ! M5-005

# %P /] RAMZ 512KB

d
J EMULATOR

{RE32)

wo USER TARGET
SYSTEM

REAL TIME EMULATOR

No. 4950-10/13
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LC72323 Instruction Table

Abbreviations:

ADDR: Program memory address [12 bits)

b Borrow

R: Bank number {2 bils]

C Carry

DH: Data memory address high (row address) [2 bils)
DL: Data memory address low (column address) (4 bits]

I: Immediare data {4 biis]

M:; Data memory address

N: Bit position (4 bits)

Pn: Porl number (4 bits}

L General register (one of the locations 06 10 OFH in bank Q)

Rn: Regisler number [4 bis)
{ )»  Conienms of register or imemory
{ JN:  Contents of bit N of register or memory

.:9‘; Operand
2 9| Mnemonic Function
25 151 | 2nd 9al7es 4|32 00
AD e | M [Addmior v {) + 1M DH bL An
AddMior, o {rF g}
ADS ! M hon ship il carry kip.il clirry OH oL An
g {AC r | M | Agd Mo rwith carry 1E ) 4 (M OH oL fAn
3 Add M i¢ £ wilh carry
g |AcS T [ M | then skip it cany OH oL fin
£
5 Al M| 1 [Addliom 0 DH DL 1
= Add | 1o M.
= AIS M ' | then skip if carry 0 DH DL !
NG M t | Add L to M wilh cogy ¢ DH DL I
AICS M| 0 DH DL I
SuU r Subtract Mdrgm ¢ 1 DH DL An
SublracyMffom v, ;
sUS ¢ Inen ssipd boro 1 DH DL An
. |5B 1 OH 0L An
[+
2
2 |sBs i DH DL An
£
g sl i OH [ [
d Silbiiacrt
v} e s oL
3 SIS j%}en skip:f bo. skip if borrow 1 OH oL I
s18 Me (Mi-1-b 1 DH oL I
Me(M~1—b
skip if borrow o DH oL .
r— M
@4 skip if zero 0 DH DL An
'% =M
8 SRIRAT T (5 0’“‘""’;" skip i nol borrow 0 DH DL RAn
E hah or equal o Nz
g . B M-I a o |
-i SEQI o Skip it M equal @ | skip il 2ero ! o -
g o M-
O |sgEl m | 1 | SkeifM s greator skip if nol borrow 1 DH DL I
L than or equal 1o 1 Mz

Conlinued on next page.
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Continued from preceding page.

§ Operand Machine codo
2 5| Mnemonic Function Cperation
BE 1st | 2nd (1514 13 12|11 10 9 8 54(321 Do
& |anD M | 1 |ANDIwin M M (M)A ) 001
o
g2 .
] on M I | ORIwilh M M- (M) 001
33
dE|ex r | M | Exclusiva OR Mwilhr fe (@ (M) 0
LD r M |loadMior re— (M 1
5T M t | SwrerioM M (1)
Move M Lo destination
2 | MVRD t M| Mrefeaing 1o in [DH, Ay = (M} Rn
,% tho same row
g Move sourco M
L | MVARS M r | referring 1o r 10 Min M « [OH, An] Rn
Ry he same row
o
B Move M to M in
= | MVSR M3 | M2 R [OH, DL1) « jDH, OL?] DLz
MVI I | MovelioM M- DL |
Lead Mo PLL i
PLL r . egisters PLL 7+~ PLL DATA DL fAn
T031 M bits, thgn skip if M {N)
n TT M N | il all bils specified N R ™M N
2 are true thea skip
w0 -
a2 Test M bits, Lhan skp
& £ | TMF M | N |ilall bils specited 1| DIt oL N
are faise
g JMP ADDR | Jump 1o 1he addross ADDR {12 bits)
2
E CAL ADDR | Call subroutine ADDR (12 bits)
g
2 6 (RT Return lrom sybrouting 1 000 000|000 O
a8
%E RTI Heturn from ine Y 1[0 0 O0DQ|0 OO O
Test timer Fil
| TT™ Ihenskipi!i{‘ 1 1 030000 N
w G
o G TulL 111|000 ¢ N
(%&lm registar 1)
_% 55 _fﬁg_-'f‘- 1 1 0 vy vy 0OFDO DO O N
¢ |ms Sta"{’f'“g'smr " 1 16101 101t|looo0o N
o —
o«
a it {Status regisior 2) N -
g‘ T8T all 1, thon skip 1 v+ 01 1 1 5 0|0 00O N
g - -
= il {Status register 2) N =
= a,fo‘"msfup ) 1 1+ 01f1 1 11|oo000 N
£
g8
o BANK « B 11 01[/00|B|oooo|loac o
£c
& &
Continued o next page.
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Continued from preceding page.

8 Operand Machine tode
2 cg" Mrsmork: Funclion Operation
BEZ 181 | 2nd Dt514 13 12|11 10 2:8)7 6 &6 4|3 2 3 DO
Ouilpul seginent paliem
LcD M bloLen digh direct LCD {DIGIT) e~ M 1 G
Oulput segment pallem
LcpP M i to LCD digit frough PLA LCD {DIGIT) ¢ PLA « M ]
N M P | input port data to M M+ {Pott {P})) 1
E ouT b} P j Cutput contents of Mtopon | {Per (P} + M 1
E SPB P N | Set port bils {Por (P N -1 1
£ [|nrs P M | flesel porl bits {Port (P)} N «- 0 1
g Test porl bils, d{Pot (PN =all1,
TPT P M | then skip H all bils ihen skip
spacliled are true
Test porl bits, i (Port {P) M = all 0,
TPF P N | thenskip If alibiis {hen skip N
spacified are lalse
@
€ |ucs I Sel | 10 UCCWA UCCWI « | I
S g
g £ )
2 £ |uce ' Set 1o UCCW2 UCoW2 « | . 1
5 € ;
S FPC N F port L1O contro! N
EEB GKSTP Clock stop 0 1{00 200 0
GSNOP No operalion 000000000 O

hersin are intended for use in surgical implants, tife-support systems, aerospace
‘llgo] systems, vehicles, disastaricrime-pravention equipmant and the like, the failure of
tiy'cause injury, death or property loss.

_ e, |ng any p’rqﬂucls described or contained herein for an abova-mentioned use shall:
'“"@ﬂ_ﬁcb“&ﬁg\ U esponsibgﬁty and indemnify and defend SANYO ELECTRIC CO., LTD,, its affiliates, subsidiaries and
k lnbutﬁ% and Qﬂ Heir officers and employeas. Jomtly and sevarally, against any and ali cleims and litigation &nd all

jointly or saverally.

M Information {including ¢ircuit diagrams and circuit parametars) hersin is for example only; it is hot guaranteed for
volume proguction. SANYO believes information herein is accurate and refiable, but no guarantees are made or impiied
regarding its use or any infringements of intellectual property fights or other rights of third parties.

This calalog provides information as of March, 1996, Specifications and information herein ars subject to
change without notice.
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