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[ 3eiga |/ LC7232

Single-chip PLL and Microcontroller
withLCD Driver

OVERVIEW

The LC7232 is a single-chip microcontroller that incorporates a phase- 1ockved‘100p @LENR: sich candptrate
up to 150 MHz, and a liquid-crystal display (LCD) driver, making it idgal “for djgglaft%mers Tt ingORporaies
frequency and period measurement circuits, and a large number _ pulft)u

The LC7232 comprises on-chip RAM and ROM, a programmab)

FEATURES
+ 130 MHz phase-locked loop
+ LCD driver

«  6-bit analog-to-digital converter
= Two 8-bit PWM digital-to-analog conve
+  Two 4-bit inputfoutpul ports

+  Two 4-bit input pons

*  One 4-bit oulput port

8- bn kcypad mamx scan ouLput

memory)

Timer fhp-ﬂ op'
External m;crrupl

Specifications and infermation herein are subject to change without notice.
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PACKAGE DIMENSIONS
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LC7232

PiIN DESCRIPTION

Numbsr Nama Equivatent Cireult Deseriplion
1 XIN ,
XIN -
| Crystal oscillator connections
80 XOUT m””l'—
2 TEST2
Tesi pins
79 TESTH
BACKUF
it 6 PG3 1o PGO
BACRUP
7 to 10 PH3 10 PHO
1 1o 14 PF3 to PFO inputfeuiput port F
1% 1o 18 Input/oput port £
19 to 22 Quiput porl D
Output porl G
Ouiput port B
5 V supply
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LC7232

Number Nama Equivaiam Circuft Description
BACKUP
321035 | PA3 to PAD ’_v_i:Dw Input port A
Masi opilon
LCD oupiA

PI3/528 1o Fort1
¥ 103 | oigs
40 10 63 524 to §1
64, b5 Comz2, COmt outputs

Inferrupt requast input

Hold-mode contred input

Device resel

input
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LC7232

Humber Name Equivalen Clreuit

Dascription

69 ADI AT converler input
70 HCTR
[
7 LeTR j'“ﬁﬂ“&op
Lotteolted

72

74

75

78

71,78

Phase comparator outputs

¢ ; Symhol Rating Unit
Subﬁlifiialjg_ge ﬁr@a Ypp max 0.3 10 65 v
mtmc:, Eﬁﬁg.?\ffl\im AES and SNS input Vi 0 to 13 v
Input voltage range (6Wer inputs) Ving -0.3 to Vpp + 0.3 Y
Port H outpul voltage range Vauri -H3 1o 15 V
Ouiput voltage range (all other outpuls) Vourz -0.3 1o Vpp + 0.3 v
Ports D and H qutput current rangs lputi D 5 mA
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LC7232

Electrical Characteristics
T. = 40 o 85 deg. C, VDD =

Paramster Symbol Unh
Ports E, F and | outpul current range loure mA
Perts B and C oulput currenl range per pin louts mA
Power dissipation Py ot mw
Qperating temperalure range Topp ) Q‘m\c
Storage temperature range Toig . -
Recommended Operating Condltions
T, = 25 deg. C

Paramoter Symbol
Supply voltage Voo
Supply voltage range (PLL and CPLU) Yopi

- {Supphy vollage range {CPU}Y Vppe

Supply valtage range for data retention

Parameter Unit
Port G KIGH-level input voltage v
RES, INT and HOLD HIGH-level - 8.0 ]
input vollage :
SNS HIGK-level input voltage 25 - 8.0 y
Port A HIGH-level input veliape 0.6Vop - Voo v
Ports E and F HIGH-leval input
vollage 0.7Vo - Voo v
LCTR HIGH-level input voltage: 0.8Vop - Voo v
Port G LOW-ieval input,Vattage 0 - 0.3Vto v
0 - 0.2Voo v
0 - 13 v
0 - 0.2Von ¥
0 - 0.3Vop v
Vi Voo = 45 to 55 V 0 - 0.0 v
VlLT 0‘ - 0.4VD[) V
fins Yy=0510158 V 40 4.5 50 MHz
Yoy = 0.1 to 15 ¥, R
Vpp & 45 to 55 V u 130
EMIN inptd frequency N2 MHz
Viv = 0.15 10 15 V, _
Vop = 45 10 5.5 V 10 150
AMIN input frequency Viy=011015V, _ Hz
(low range) fing Vop = 45 10 55 V 05 10 M
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LC7232

Rating
Parameter Symbol Condilion Unk
min typ max

AMIM input frequency f Vin=011t15YV,
{high range) W4 Vpp = 45 to 55 V
HCTR input frequancy tins 3::} i [3"15 [:L 15'55‘{}

Viws D1 to 15V,

Voo = 4510 55 V
LCYR input frequency finer

V||_ =0 Vi U.ZVGD.

Vi = O‘BVIJI} fo vp{)
XIN ms inpul amplitude Vins
FMIN rms input amplitude Vinz
AMIN mms input amplitude Vinz
LCTR and HCTR s input Y
|amptitude 14
AD| inpu! voltage range Vins
LCTR, AES and TNT input v
fhysteresis width HYs
SNS eject pulsewidth Pry
Standby threshold voltage Voe

INT, RES, HOLD, ADI, SNS and
port G HIGH-level inpul current

I

Ports A, E and F HIGH-level

finput curremt B 30 HA
XIN HIGH-levet inpu$ curreny 5 15 BA
LCTR, FMIN, AMIN and HCTR
HIGH-fevel input currant 10 30 WA
Port A HIGH-level input curre 50 - A
W, m, H‘ﬁ[ﬁr ADI, WS E - - 30 ]J.A
port G LOW-level input carent . )
i Pérts E and F are high
;;rﬁ :‘ﬁ,;ni:nd FL vel fimpadance, port A has - - 3.0 pA
|40 Rep, Vin = Vs
Vin = Vss 2 5 15 uA
Vin = Vs 4 10 30 HA
impedance,
Port-4 Rep Vop = 5 V 75 100 200 kQ
Eﬂe:?d‘}:?z lorFhs Vo = Vop - 0.01 10.0 nA
leakage current lorpra Vo = Voo - - 30 WA
Part H output leakage current lorewa Vo=13V - - 50 HA
EL?:re::ld EO2 outpul leakage T Vo = Vss _ 0.04 10.0 nA
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LC7232

outpul voltage

Rating
Parsmater Symbal Conditlon Unit
Ports B, C, E, F and | oulput
teakage current bore.2 Vo = Vss
Ports B and C HIGH-level sutput
voltage Voun lo = 1 mA
Ports £, F and | HIGH-level
autput voltage Vore lo = 1 mA
E01 and EQZ HIGH-leve! output
voltage Vows lo = 500 pA
X0UT HIGH-level output voltage Vons lp = 200 pA
3;":39528 HIGH-level output Vous lo = <01 mA
Port B HiGK-level output veltage Vous ip = 5 mA
COM1 and COM2 HIGH-lavel
output volage Vosr to = 25 pA
Ports B and ¢ LOW-level outpul y
vollage oL
Ports E, F and | LOW-lavel Vous

{E01 and €02 LOW-lavel output

halted, T, = 25 deg. C

voltags 10 v
XOUT LOW-leval outpul vollage 1.0 v
$1 to $28 LOW-leva! output - - 1.0 )
voltage )
Port D LOW-level output valiage - - 10 v
COM1 and COM2Z LOW-Isval
output voltage 03 05 075 v
Port H LOW-level output volt 075 - 2.0 y
COM1 and COM2 mid-lav
output voltage 20 25 30 v
A/D converier erro 4510 55 Vv -'h - bl Ist
Jin = 130 MHz, .
Supply eurrant Voo = 45 10 5.5 V 15 20 mA
PLL halted, _ 15 _
foe = 267 ps ’
PLL haled,
toye = 13.33 ps, - 10 - mA
Vop= 351055V
PLL halied,
bye = 40.00 s, - 07 -
Von =35t 55 V
Voo = 5.5 V. oscillator _ ~ g
g halted, T, = 25 deg. C
Stancby mode spply gurrent fopa ik
o Voo = 2.5 V. osclllator _ _ 1
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LC7232

Measurement Clrcuits

Hold mode

SO?F

4.5 MHE
30 pF XN VDD
L ¥ouTt

T FMIN

AMIN

HCTR LC7232
LCTA

TESTH

TEST2

Notes

1. Ponts E and F are selected as output ports.
2. Ports B to H are open.

Standby mode

30 pF

4.6 MHz

30 pF XIN
— xout

r FMIN
AMIN
HCTR
LCTR

Note
Ports A to 1, 81 to 524,

are. ghe ﬁtﬁér Qutputs "Pﬁé LCD frame rate is 100 Hz with a 50% duty cycle. Afier Teset or
! Kl n%%t\?iﬁs pr

Frequency and. Perlod Measurement

AM IF frequencics are measured at HCTR and LCTR by the 20-bit universal counter using an input
frequency range of 0.4 10 12 MHz. FM IF frequencies are measured at HCTR only. Cgpacnauve coupling
should be used at HCTR for all input frequencies, and at LCTR, for inpu frequencies in the range 100 o
500 KHz,
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LC7232

Period measurement is performed at LCTR by the 20-bit universal counter using an input {requency range
of 1 Hz to 20 KHz. Capcitative coupling is not required.

Phase-locked Loop

The FMIN or AMIN mput signal ss divided down by a programmable divider, and then_

two signals is measured using a phase detector and output on EO1 and EOQ2.

FMIN is the input pin for the FM VCO input signal. The input frequency
Capacitive coupling should be used.

bands. Capacitive coupling should be used.
Input/Output Ports

Port A

This input port has a low switching threshold, which is ug “Pull-down resistors
for all pins are available as a mask option. Note that eithef : of the ping should have pull-down
resistors. In siandby mode, inputs are ignored. ' i

Ports B and C

mp sare high' impedance. The oulputs can be
shont-circuited.

Port D

Port D is an output port only. pon resety Fiat ZOW, and in siandby mode, oulpuls are high
impedance, '

Port E

The transfer direction is ing ' ort i _sé ectcd automatically undor software control. When an

input ins:ruction (IN

This is an m]ﬁm\por oniy. In standby mode, inputs arc ignored.

Port H

These output ports arc high-voltage, n-channcl open-drain drivers, which are used for swilching power
supplies. Upon resct and in standby mode, outputs are high impedance.

No.3619—11/18



LC7232

Port |

Port 1 is a 4-bit general purpose culput port. The outputs PH} to PI3 are multiplexed with four of the LCD
driver outputs, S25 1o S28. The bits can be configurcd as either standard outpuls or LCD driver outputs by
using the S8 and RS instructions. Upon power-on or afier resel, they are configured as kCD drivers and
output a blank display signal. In standby mode these pins are LOW,

A/D Converter

The A/D converter is a 6-bit successive approximation type. The conversio
Full-scale output data is 3FH for an input of Vpp x (63/96).

PWM Outputs

Power-fail Detection

When connected to the supply, SNS is used as a power-
input port.

interrupt Reguest

This input generates a device interrupt when a HI
flag should be set by the SS instruction befo)

Reset

§ pin should be held LOW for at least

This input can be used 1o re-initialize the L.€7232, Upsn
held L(}W for at least six clock cycles to reset the

75 ms after the supply stabilizes. Theresfér, it sh\cﬁﬁ@
device.

Crystal Oscillator

4.5 MHz crystal.
Low-power Modes

Hold mode

driven LOW and the BOLDEN (hold enable) flip-flep has
the LC7232 enters hold mode.

provided—TEST1 and TEST2. Thesc should ¢ither be tied to Vss or left open.
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LC7232

INSTRUCTION SET

ADDR Program memory address [12 bits)

b Borrow

B Bank number [2 bits)

C Carry .
DH Data memory address high-order bits (row addeéss) [2 Bits)
DL Data memory address low-order bits (column aﬂdrcss) 4
1 Immediate data [4 bits]

M Data memory address

N Bit position [4 bits]

Pn Port number (4 bits] _

r General regisier (Bank O0H to OFH}-

Rn Register number [4 bits] '

Contents of register or memory
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MASK OPTIONS

Parzmater Options

Yes

Walchdop timer {WDT)

Pull-down resisiors on port A (the keypad matrix inpul port)

instruction cycle time

$1 10 523 cenfiguration

DEVELOPMENT SYSTEM

The LC7232 development environment is shown in figure,
on a TB-72EV32 warget board and a multifunctional eg
computer, to provide full debugging facilitics.

fuation chip mounted
ntrelled by a personal

MEC - ¢
18% . - ATs
NEC - PCO8

Té vae tar
pined mﬂ“ PORTS

External
Triyger

Faal-tme smutator

Figure 1. Development system

Information (including circuil diagrams and circuit paramelers) herein is for example only; it 15 nol guaranieed torlvolu.me proguction.
SANYO believes informalion herein is accurala and selable, bul np guaranlees are made ot implied regarding ils use or any
infringements of inlelieclual property rights or other rights of third parties.
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