OKI1I Semiconductor

MSM64162-001/002

Dual Thermometer with Clock Function

GENERAL DESCRIPTION

The MSM64162-001/002 is a clock IC with a temperature measuring function.

FEATURES

¢ The IC measures two different temperatures simultaneously using external thermistors.
Temperature measuring ranges : =20.0°C to 70.0°C (0.0°F to 160°F)
Resolution :0.1°C(°F)
Precision : 1°C (when temperature around the IC is 20°C)

A temperature measurement cycle of 1 minute or 2 seconds can be selected.

e 8 digits + 10 indicators, 1/4 duty LCD

¢ Upper limit/lower limit temperature alarm function (preset temperature can be changed)

¢ Centigrade or Fahrenheit can be selected.

¢ The IC clock function displays hours, minutes and AM/PM.

s Serial interface output for temperatures

» Operating voltage : 1.5V (MSM64162-001) or 3V (MSM64162-002)

¢ Few external parts

¢ Simple adjustment

o Applicable thermistor : 103AT (made by Ishizuka Electronics Co., Ltd.)

o Package options
64-pin plastic QFP (QFP64-P-1420-K)  (Product name: MSM64162-001GS-K /MSM64162-002GS-K)
64-pin plastic QFP (QFP64-P-1420-BK) (Product name: MSM64162-001GS-BK /MSM64162-002GS-BK)
Chip
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OKI Semiconductor
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MEME4162-001/002

OKI Semiconductor

APPLICATION CIRCUITS

Exampie of MSM64162-001 circuit

The temperature is shown in °F. The temperature measurement cycle is 1 minute.

LCD
- =
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L to L -
TOUT! «<— P1o 2 Voo l
TOUT2 «<—— P1.1 Ca Ca 1_1.5v
TOUT3 <——| P12 ©
TOUT4 «<— P13 Vsss —Csi —
SIN ——>1 P30 Vssi -
SOUT «—— P3.1 Vss
SCLK «— P32 Vss2 ——1 F—e
Vsst -—% F—o9
32.768kHz
T '
MSM64162 - 001 T Cx
(1.5V version)
SMP 0SCt —
°C/°F RESET —
1
55 MODE | 1, 4 S5 |—
& oSt pyy ==
o o fpo BD
) —— SEL
—O O—— P22
Tegz EZ28¢2
= l =
< = 4
g g T
=lolhal= 23 3e
(| O x|(io|lo| oo
TEMP1 measurement TEMPO measurement

C1=09=C012=C3=0.1uF, Cx = 30pF. Unconnected pins are OPEN



OKI Semiconductor MSM64162-001/002

Example of MSM64162-002 circuit

The temperature is shown in °C. The temperature measurement cycle is 2 minutes.

LCD
A

L o L: -
UMt «— p1o * 2 Voo
TOUT2 «—— P11 Gz ‘j Gy ___3-°V
TOUT3 <— P12 G
TOUT4 «—— P13 Vss3 ———-|C:3 e
SIN ———{ P3.0 _ Vgs1 >
SOUT «— | P31 Vss
SCLK «<—| P32 Vss2 (
VssL —l —
32.768kHz
Y
MSMB4162 - 002 - Cx
(3.0V version)
SMP 0sC1 —
SC/°F RESET ——
———— O 0—— PO.1 577 —
L _—
*—0 OM P2.0 1812 —
~—— SET
0 o= p21 [] ,
| o B PP BD
~—l— SEL
—0O O——— P2.2
T2z Eggs
= J’ < g
e 2
—llal= 2l al3 e
ric|o|xe r|le|o|mxe
TEMP1 measurement TEMPO measurement

C1=C2=012=C3=0.1pF, Cx = 30pF. Unconnected pins are OPEN
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MSME4162-001/002 OKI Semiconductor

PIN CONFIGURATION (TOP VIEW)

Vss3
VssL

e

3
K3

=
IER

BD

G2

Cy
r:g_—l Vss1
ERLK
(S P12
EXLK
EIEY

g

| & ]p3s
& 1p32

Lol 1| @ (51 1p3.1
L2 ] (50 | P3.0
L[3] (49 P23
Ls[ 4 | | 48 |P2.2
L[5 | 47 ] P21
ts[ 6 | | 46 | P2.0
L % _ | 45 | RT1
Lyl 8 | 44 | RS1
ts[ 9 | 43 ] cs1
Lo[10 ] | 42 |IN1
Lig [ 11 ] 41 ]INO
Ly [12 ] 40 ] CS0
Ly IE _3_§_)_‘ RSO
L1a[14 | E CRTO
Lig E E RTO
Lis (16 [ 36 | P03
L1g/P5.0 [ 17 | '35 | P0.2
Li7/P5.1[18 | Q (34 ] P01
Lig/P5.2 [ 19 | | 33 | P00

T2 |
ST2

o
A
o

Lig/P5.3 | B
Ly/P6.0 | B2

L92/P6.2

10y/P6.1 | N3
21 8
La/P6.3 | R |
0sC1 | &

64-Pin Plastic QFP
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OKI Semiconductor MSM64162-001/002

PAD CONFIGURATION

Pad Layout
50 49 48 47 46 454443424140 39 38 37 36 35 34 33

OooOoogoooooooaood
510 |32
52| O
5310 031
(30
5|0 0|2
55| 3 0|28
56| (1 |27
5710 1|26
58| OJ 0125
sa| O (24
60| 1 123
d|22
61| 1
62% d12t
63
g4l OO 120 Y
OOo00odoCcoOoonooooooogaoie X
12 345 678910111213 14 15 16 17 18
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MSM64162-001/002

OKJIX Semiconductor

Pad Coordinates

Chip size

Chip thickness: 350 um

: 4,69 mm x 4.41 mm

Center of chip: x=0, y=0
[}

Pad | o | | Pad

No ad Name X {um) Yy (um) | No Pad Name x (um) Yy (um)

1 Lo 2168 2042 | 33 | poo 2168 2042

2 L -1918 2042 | 34 P01 1899 2042
3 Lo 1669 2042 | 35 P0.2 1628 2042

4 Ls 1426 2042 | 36 P0.3 1364 2042

5 Ly 1170 2042 | 37 RTO 1100 2042
6 Ls 934 2042 | 38 CRTO 829 2042

7 Ls -727 2042 | 39 RSO 565 2042
8 Ly ~519 2042 | 40 CS0 349 2042

9 Ls -312 -2042 | #1 INO 141 2042

10 Lg 104 2042 | 42 | N1 67 2042

11 Lio 104 2042 | 43 | CS 214 | 2042

12 L1y 311 2042 | 44 RS 482 2042
13 Liz 527 2002 | 45 RT1 689 2042

14 Lis 791 2042 46 P2.0 -911 2042
15 Lia 1062 2042 | 47 P2.1 1160 | 2042
16 Lis 1340 2042 | 48 | P22 1416 | 2042

17 Lis 1618 -2042 | 49 P2.3 -1666 2042
181 | 187 2042 | 50 P3.0 1916 2042

19 | L 2168 -2042 | 51 P3.1 -2168 1829
20 Lig 2168 714 | 52 | P32 2168 1563

21 Lo 2168 -1424 | 53 | P33 2168 | 1382

22 Lot 2168 1134 ' 54 BD 2168 1017

23 L 2168 -844 55 P1.0 2168 | 688

24 Las 2168 ~554 56 P1.1 -2168 328

25 0SC1 2168 264 57 P1.2 -2168 6
2 0502 2168 2 58 P1.3 ~2168 -353

27 Voo 2168 316 59 Vst 2168 645

28 XT 2168 606 60 Vss2 2168 | 826
29 XT 2168 896 61 Vsst 2168 | 1254
30 RESET 2168 1186 62 Vssa 2168 | 1435
3 | TSH 2168 1476 63 |  Cf 2168 1616
2| TN 2168 1766 64 c2 ~2168 1796
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OKI Semiconductor MSM64162-001/002
PIN DESCRIPTIONS
Symbolin | Symbol Used L
Microcontrolleri In this Manual Input/Output Type Description
PO.0 ' SMP HiZ input Tempera.ture measurement cycle selection
(H: 1-minute cycle, L: 2-second cycle)
o . °C or °F display temperature selection
P0.1 °CI°F HiZ input H: °E.L: °C)
P2.0 MODE Input with pull-down resistor | Mode selection, Correction items selection
P2.1 SET Input with pull-down resistor | Normal state «» Correction state switch
P2.2 UpP Input with pull-down resistor | Addition of corrected values
) . Display temperature TEMPO/TEMP1 selection,
P2.3 SEL Input with pull-down resistor ON/OFF of temperature alarm
P3.0 SIN HiZ input Serial communication input
P3.1 Sout CMOS output Serial data output
pP3.2 SCLK CMOS output Serial communication synchronous signai
P1.0 TOUT1 CMOS output Temperature alarm output on H-side of TEMPQ
P1.1 TouT2 CMOS output Temperature alarm output on L-side of TEMPO
P1.2 TOUT3 CMOS output | Temperature alarm output on H-side of TEMP1
P1.3 TOUT4 CMOS output Temperature alarm output on L-side of TEMP1
Oscillation circuit for measuring TEMPO
RS0,CS0,RT0, INO | RS0,CSO,RTO. INO — . . . .
(connecting thermistor, resistor and capacitor)
Oscillation circuit for measuring TEMP1
RS1,CS1,RT1,INT | RS1,CS1,RT1,IN1 - . . . .
(connecting thermistor, resistor and capacitor)
BD BD CMOS output Buzzer driver pin
— . . Initialization of microcontroller and instruction
RESET RESET Input with puli-up resistor start from address 0at L —s H
LgtoLss Lotolgs — LCD driver pins

123



MSM64162-001/002 OXIX Semiconductor

LCD FORMAT

LCD Layout
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OKI Semiconductor MSM64162-001/002
LCD Segment Assignment

Pin COM; Group COM; Group COM; Group COM, Group
Lo 10d 59 5d —_—
L1 10aef 10g Saef —
L2 9c 4b 4c 9b
L3 9d 9g 4d 9a
L4 9e 9f 4g de
Ls ALARM 4a 4f DOT1
Le DOT2 3a 3b 3c
L7 8¢ 8b 3g 3d
L8 8d 8g — 8a
L9 — 8e 3e 8f
L10 TEMP 3f coL1 —
L1 — 2b 29 coL2
L12 7d 7c 2¢ 7b
Li3 e 74 2d 7a
Li4 2a 2f 2e 71
Lis PM 1a 1b —
L16 Bc 6b — 1c
L7 6d 69 — 6a
Lis Be of 19 1d
L1g AM 1f 1e —
20 — — — COM4
L21 — — COM; —_
L2z — COM; — —
L23 COM; — — —

125



MSM64162-001/002 OKI Semiconductor

MSM64162-001 (1.5V Specifications)

ABSOLUTE MAXIMUM RATINGS

(Vop=0V)
Parameter Symbol Condition Rating Unit
Power Supply Voitage 1 Vsst Ta=25°C -2.0t0+0.3 v
Power Supply Voltage 2 Vsg2 Ta=25°C ~4.0t0 +0.3 v
Power Supply Voltage 3 Vss3 Ta=25°C -5510+0.3 v
Power Supply Voltage 4 VssL Ta=25°C -2.0to +0.3 v
Input Voltage 1 Vint Vss1 input,Ta=25°C Vg51-0.3 to +0.3 Y
Input Voltage 2 Vinz Vgs input,Ta=25°C Vgs1—0.3 to +0.3 Vv
OQutput Voltage 1 Vourt | Vsst output,Ta=25°C Vgs1-0.310 +0.3 v
Output Voltage 2 Voute | Vssz output, Ta=25°C Vsg2-0.3t0 +0.3 v
Qutput Voltage 3 Voura | Vssz output,Ta=25°C Vgs3-0.310 +0.3 v
Output Voltage 4 | Vours | Vg outputTa=25°C ° Vgs1~0.3ta +0.3 v
Storage Temperature j Tste — 1 -55t0 +125 °C
RECOMMENDED OPERATING CONDITIONS
{Vpo=0v)
Parameter Symbol Condition Range . Unit
Operating Temperature Top — -40to +85 °C
Operating Voltage Vss1 — -1.7t0-1.25 ‘ v
400kHz OSC External Resistor Ros — 250 to 500 kQ
Crystal Oscillator Frequency fxr — 301035 kHz
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OKIX Sermiconductor MSM64162-001/002
ELECTRICAL CHACTERISTICS
DC Characteristics (1/3)
(Vpp=0V, Vss1=—1.5V, Ta=—40 to +85°C unless otherwise specified)
hoasur-
Parameter Symbol Condition Min. | Typ. Max.| Unit| ing
Circuit
Vss2 Voltage Vss2 Ca, Cp, Cy2=0.1pF, +100% 50% |-3.2|-3.0|-28| V
Vss3 Voltage Vssa Cy, Cp, C12=0.1uF, +100% -50% | 4.7 |-45|-43| V
Vst Voltage VssL — -15{-13|-06| V
CPU in halt stat Ta=—4010 +40°C | — | 2
Power Consumption 1 IpD1 Uin halt state & 0 +40°C 5 pA
. {400kDSC halt) Ta=40 to 85°C —_ 2 30
CPUi ti Ta=—40t0 +40°C | — 1
Power Consumption 2 Ipp2 n aperation 2 ot 5 5 pA
state (400kOSC halt) | Ta=40 to 85°C — 5 40
CPU in operation state
Power Consumption 3 I — | 90 | 180 | pA
° 003 | (400KOSC in operation) "
i I
CPU in halt state
'Rro=10kQ — 1150 | 230
. (400k0SC halt), |
Power Consumption 4 Ipp4 ) pA |
A/D converterin :
. |Ro=2kQ2 — {600 | 900
oscillation state |
Oscitlation must be started within
XTOSC Oscillation Start Vi v — | — |-145] V
ol ohage | VSTA | 5 spconds. 1
XTOSG Osciliation Maintainin
o VHoto — — | — |-1.25| V
Voltage
XTQSC Stop Detection Time TstoP — 01 { — |1000| ms
XTOSC Internal Capacitance Cs — 10 | 15 | 20 | pF
XTOSC External Capacitance Caex Cg external option 10 | — | 30 | pf
XTOSC Internal Capacitance Cp — 10 | 15, 20 | pF
400k0SC Internal Capacitance Cos — 8§ | 12 | 16 | pF
- External resistor Rgs=300kQ2,
400k0SC Oscillation F f 80 220 | 350 | kH
slaton Fequency ——foso |y g vo-t.v :
. Vsg1 is within Vpgg1 to
Volt: V 04 — v
POR Generation Voltage PORT | _4.5Vand POR is generated 0.
Vsgy is within V to
POR Non-Generation Voltage  Vpope sst 18 Wit Ypom2 45| — |2] v

-1.5Vand no POR

Notes:

o "XTOSC" refers to the 32.768kHz crystal oscillation circuit.
* "400kOSC" refers to the 400kHz CR oscillation circuit

* "POR" refers to Power-On-Reset
[ ]

"TsTop" indicates that a system reset occurs if XTOSC stops oscillation for more
than this duration.
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MSM64162-001/002 OXI Semiconductor

DC Characteristics (2/3)
{Vop=0V, Vss1=Vss1=—1.5V, V555=—3.0V, Vss3=—4.5V, Ta=—40 to +85°C unless otherwise specified)
Parameter Symbol Condition Min. | Typ. Max.| Unit h’r::.
Circuit
Output Gurrent 1(P1.0) lows__ Vou="0 ~21/-0.71-0.2 mA
boLt Vor1=Vss1+0.5V 1 3 9 | mA
Output Current 2 (P1.1 to P1.3), lone Vonz=—0.5V -2.1-0.7|-0.2| mA
{P2.0to P2.3), (P3.0to P3.3) loL2 Vor2=Vgs1+0.5V 0207 (21| mA
Qutput Current 3 lous Vora=0.7V -18(-061-02| mA |
(BD) loLa Voia=Vss1+0.7V 02|06 18| mA
Output Current 4 (RTO, RT1, RSO, ign4 Vora=-0.1V -1.11-06 03 mA
RS1, CRTO, €S0, CS1) loLa Vor4=Vss1+0.1V 03061 1.1 mA:
Output Current 5 lows Vous=—0.5V —15/-05 -0.1| mA
(When Lyg-Los are output ports) loLs Vors=Vss1+0.5V 010515 | mA
Output Current 6 lons Vone=—0.5V —21]-07 02| mA 2
(0SC2) lots VoLg=Vss1+0.5V 1020721 ma
lowz Vorr=—0.2V (Vop level) | — | — | 4| pA
lomn7 Vomnr=Vss1+0.2V (Vss1 level) 4 | — | — [ pA|
Output Current 7 lomH7s | Vomurzs=Vssi—0.2V (Vssi level) — | — !4 pA]
(Lo-L23) lomL7 Vomir=Yss2+0.2V (Vssa level) 4 | — | —pA
fomrs | Vomirs=Vssz-0.2V (Vgsplevel) | — 1 — | 4 pA |
loLz VpL7=Vss3+0.2V (Vgs level) 4 I — | — pA|
Output Leakage (P1.1to P1.3),
(P2010P23), (P3010P33), | O Vor=Voo I Rl
éRSLOCRS':‘i) RSO0, RS1, CRTQ, oo Vor=Vss: 03 — | — uA
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OXIX Semiconductor MSM64162-001/002
DC Characteristics (3/3)
(Vpp=0V, Vss1=Vss =—1.5V, Vgsp=—3.0V, V5g3=—4.5V, Ta=—40 to +85°C uniess otherwise specified)
Messur-
Parameter Symbol Condition Min. Typ.}Max. Unit| ing
l Circuit
I Vin1=Vpp (pull-down 5 | 18
Input Current { IW \;m -30 (p( ull-u )) 60 | 18 62 “2
(PO.010 PO3), (P2010P2.3), — & ILi="ss1 (PUT-UP —
(P3.010 P3.3) Itz Viti=Vpp (high-impedance) 0 | — | 1 ] pA;
’ ) itz ViL1=Vssy (high-impedance) ~“1|— 1] 0 |uA
| Vipo=V ull-down 5 | 18
Intput Current 2 IH2 H2 DD>(p - wn) 60 | pA
(N, IN) liHoz Vinp=Vpp (high-impedance) 0 | — [ 1 ]pA 3
' hioz V|2=Vgg1 (high-impedance) -1 - 0 | pA
| ViL3=V Il- —60 | -22
intput Current 3 i3 12 5.31 (Pu up) 6 A
(0SC1) liuaz Vina=Vpp (high-impedance) 0| — 1| 1  pA
liaz Vi3=Vss1 (high-impedance) -1 — | 0 | pA
infput Current 4 fiH4 Ving=Vop 0 (— | 1 |pA
(RESET, ISH,T§T2) ILq ViLg+Vssy =151]-0.75/-0.3 | mA
input Valtage1 (P0.0 to P0.3), Vit — 03| — 10 |V
(P2.0 to P2.3), (P3.0to P3.3) ViLy - -15| — 12| vV~
Input Voltage 2 Vive — 03| — | 0 v
(INQ, IN1, OSC1) ViL2 — 15| — |-12] v !
Input Voltage 3 Vi — 03 — | 0 v 4
(RESET, TST1, TST2) Vi — 15 — |12] v
Hysteresis Width (P0.0 to P0.3), :
AVTH — 005/01(03 V
(P2.0to P2.3), (P3.0to P3.3)
Hysteresis Width
R AVT2 — 005/01/03 | V
(RESET, T5T1, TST2)
Input Capacitance !
(P0.0 to P0.3), (P2.010 P2.3), Cin — — | = |5 |pF 1
(P3.0t0 P3.3) |
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MSM84162-001/002 OXI Semiconductor

Measuring circuit 1

Rio

RTO  CSO  IND T
0SC1 1

0 XTAL
Ros g S—

0sc2 Gy L

C
. T “12

Vsst

Voo Vsst  Vsso Vssa

Ca, Cp, C12, G O.1pF

1 @ .| 1 Ros: 300kQ
o - ca|_ Cb| XTAL: 32.768kHz
L T = T @+ Y Rro: 10kQ/2kQ

i Cso: 820pF
R|[)I 10k2

Measuring circuit 2

(*2)

Vi O — @&

n

INPUT
1ndino

Vig o——=

<l

op_ Vssi Vsso Vsss Vssi

LT
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OKI Semiconductor

MSMé64162-001/002

Measuring circuit 3

(*3) L 5
® - g
= 3
—F = =
Voo Vsst  Vssa  Vss3  Vsst
= - -
Measuring circuit 4
Waveform
Vi © check
(=]
(*3) = 5
VlL O— = EI
Vop  Vsst Vssz Vsss Vssi

J
:

*1  Input logic to select a specified state.
*2  To be repeated for the specified output pin.
~*3  To be repeated for the specified input pin.
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MSM64162-001/002 QXX Semiconductor

A/D Converter Characteristics
(Vop=0V, Vss1=—1.5V, Ta=—40 to +85°C unless otherwise specified)
Parameter Symbol Condition Min. | Typ. [Max. UnitE;w-
! Circuit
Rso. { C
Rs1, ‘
Resistor For Osciltator Ryo, Cso. Cro, Cs1 2740pF 2 | — ‘ — | kQ
Ro-1, !
Rty ;
Input Current Limiting Resistor | Rio, Rn — 1 10 | —  kQ | 5
- fosct Resistor for oscillation=2kQ — 1221 | — | kHz
Oscillation Frequency \' fosce | Resistor for oscillation=10kQ — 522 — | kHz
| fosca | Resistor for oscillation=200kQ | — (3.04| — | kHz |
RS  RT Oscillation Frequency ull ‘\ Rro, Rro-1, Ari=2k2 — :~
Ratio (*) K2 | Rro. R1g-1, RT1=10kQ2 = 1 =1 :—‘
KB |  PRroPRmiRu=200k@ | — | — | —| —|

* TheRSeRT oscillation frequency ratio (Kfx) is the ratio of the oscillation frequency by a sensor
resistor to the oscillation frequency by a reference resistor in the same condition.

- foscx(Ryg—Csp Oscillation) fogex(Ryg-1-Cgg Oscillation) fogex(R11-Cey Oscillation)
foscx(Rsg~Cgo Oscillation), fogex(Rgg—Csp Oscillation), fogex(Rg1—Csy Oscillation)

(x=1,2,3)
Measuring circuit 5
(CROSC1) (CROSCO)
x| £ & « | g <] 2 g\% oy t:::rz
r..:j ‘E
SERARAT

___ | RT1 RS1 CS1 INt INO CSO RSC CRTO RTO

B RESET

E | TSTT

% -+ TST2 P3.3|———oFrequency measurement (foscx)
G {P0.0 D.UT.

Q

2P0

21 P0.2 Rr1, Ryo-1, Rry=2kQ/10kQ/200k2
2 Rso, Rg1=10kQ

PO.
(2 1P02 ™ Vsst | Rio. Rir=10k2
Cso. Cro, C31=820pF
C=0.1uF
L 1
N S
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OXIX Semiconductor MSM64162-001/002
MSM64162-002 (3.0V Specifications)
ABSOLUTE MAXIMUM RATINGS
Vpp=0V
Parameter Symbol Condition Rating Unit
Power Supply Voitage 1 Vssi Ta=25°C -2.0to +0.3 v
Power Supply Voltage 2 Vss2 Ta=25°C -4.0t0 +0.3 v
Power Supply Voltage 3 Vssa Ta=25°C -5510+0.3 v
Power Supply Voltage 4 VssL Ta=25°C —4.01t0+0.3 v
Input Voitage 1 Vint Vss2 input,Ta=25°C Vsso-0.3 10 +0.3 v
Input Voltage 2 Vinz Vgsy input,Ta=25°C Vsg—0.31t0 +0.3 v
Qutput Voltage 1 Vouti | Vsse output,Ta=25°C Vss0-0.3 to +0.3 v
Output Voltage 2 Voutz | Vsss output,Ta=25°C Vss3-0.3 t0 +0.3 v
Output Voltage 3 Vouts | Vssi output,Ta=25°C Vgsi—0.310 +0.3 ‘ v
Storage Temperature Ts1g — -55t0 +125 | °C
RECOMMENDED OPERATING CONDITIONS
Vpo=0V
Parameter Symbot [ Condition Range Unit
Operating Temperature Top | — -40 to +85 °C
. Using LCD with*1/2 duty” -35t0-2.2
Operating Voltage V52 | cing LoD without 172 duty! —3510-2.0 v
400kHz OSC External Resistor Ros - } 90 to 500 kQ
Crystal Oscillator Frequency fxr — } 30 to 66 kHz
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MSM64162-001/002 QK1 Semiconductor

DC Characteristics {1/3)
(Vpp=0V, Vss2=—3.0V, Ta=—40 to +85°C unless otherwise specified)
"~ Measur-
Parameter Symbol Condition Min.| Typ. |Max.| Unit| ing
Circuit
Vgs1 Voltage Vgsi | Cy Op, C12=0.1uF, +100% -50% |-1.7|-15(-13| V
Vgsa Voltage | Vgs3 | Ca, Cb C12=0.1uF, +100% —50% | —4.7 | —4.5|~43| V
Vssy Voltage ¢ VssL — -19|-13|-06| V
Power Consumation 1 | 'CPUinhaltstate  |Ta=—40t040°C | — | 15 | 45 uA
v OOt 400kOSChalt)  |Ta-401085°C | — | 15 | 30
. CPUin operation Ta=—401t040°C | — | 5 15
Power Consumption 2 Inp2 — A
state (400k0SC halt) | Ta=4010 85°C | — 5 40
CPU in operation state |
Power Consumption 3 | — | 220 450
P 003 | (400KOSC in operation) b
CPU inhalt state
Rro=10kQ — | 300 | 450
. (400KOSC halt), | ™ ‘
Power Consumption 4 {op4 ) pA
A/D converter in
e Rro=2kQ2 — 1300|2000
oscitlation state
Oscillation must be started within
XTOSC Oscitlation Start Voltage ~ Vsta —— =20V
; | 5 seconds. e 1
— — 1
XTOSC Oscillation Maintaining | \ :
V — — | — |=20] V
Voltage HOLD
XTOSC Stop Detection Time Tstop | — 01| — 11000| ms
XTOSC Internal Capacitance Cq ! — 10 1 15 © 20 | pf
XTOSC External Capacitance Cakx Cg external option 10 | — 30 | pF
XTOSG Internal Capacitance Cp — 10 | 15 1 20 | pF
400k0SC Internal Capacitance Cos — , 8 |12 /16 | pF
[
. External resistor Rog=100k(2, ‘
400k0SC Oscillation Frequenc f 300 | 400 | 620 | kHz
quency . fosc Vesz=—2.010 35V | i
. Vgso is within Vport to
POR Generation Voltage v 07! — 0 v
eration g POR -3.0Vand POR generated ‘ ‘
. ‘ Vsgo is within Vpogs to :
- tion Vol ‘ 3 — -2
POR Non-Generation Voltage VPor2 _3.0vand no POR 3 ; Vv

Notes: ® "XTOSC" refers to the 32.768kHz crystal oscillation circuit.

o "400kOSC" refers to the 400kHz RC oscillation circuit.

* "POR" refers to Power-On-Reset.

¢ "Tgtop" indicates that a system reset occurs if XTOSC stops oscillation for more

than this duration.
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DC Characteristics (2/3)
{Vpp=0V, Vsg1=Vss =1.5V, Vgg52=—3.0V, Vsg3=—4.5V, Ta=—40 to +85°C unless otherwise specified)
Parameter Symbol Condition Min. | Typ. [Max.| Unit :':;::
Ircl
lont Von1=-0.5V -6 | -2 |07 mA
Output Current 1{P1.0) lout VoLi=Vasz+0.5V 3 3 | 2 | mA
Output Current 2 (P1.1 to P1.3), fonz Voue=—0.5V 1 -6 | -2 |-0.7| mA
(P2.0 to P2.3), (P3.0 to P3.3) low? Vor2=Vgg2+0.5V 0.7y 2 6 | mA
Output Current 3 loms Vonz=0.7V -6 -2 |-07] mA
(BD) loLa Vors=Vss2+0.7V 07| 2 6 | mA
Output Current 4 (RT0, RT1, RSO, lps4 Vone=—0.1V -25(-1.3.-07| mA
RS1, CRTO, CS0, CS1) loLa Vor4=Vss2+0.1V 0713 , 25 | mA,
Output Gurrent 5 lows Vors==0.5V -15|-0.6 |-0.15] mA |
(When Lig-Lo3 are output ports) loLs Vors=Vssp+0.5V 01506 | 1.5 | mA | 2
Output Current 6 lowe ! Vong=-0.5V -6 | -2 |07 mA
(0SC2)  lows Vorg=Vss2+0.5V 0.7 2 6 | mA
- lony Vouz=-0.2V (Vpp level) — | — | 4| pA
lomnr | Vowmz=Vssi+0.2V (Vssilevel) | 4 | — | — | pA
Output Current 7 lomHzs | Vomurs=Vssi—0.2V (Vgs1 level) — | — | 4 | pA
(Lo-L23) lomL7 Vomur=Vss2+0.2V (Vssy level) 4 ' — | — | pA
lomzs | Vomirs=Vgse—0.2V (Vggalevel) | — — | -4 | pA
low7 VoL7=Vss3+0.2V (Vss3 level) 4 — ! — | pA
Qutput Leakage (P1.1 to P1.3), !
(P2010P23), (PRO10 P33), | O Von=Voo T 03 kA
éRS'I(')OCRS'T) RS0, RS1, CRTO, oot Vor=Ves: 03| — | —
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DC Characteristics (3/3)
(Vpp=0V, Vsg1=Vgs) =—1.5V, Vgso=—3.0V, Vgs3=—4.5V, Ta=—40 to +85°C unless otherwise specified)
Parameter Symbol Condition Min. | Typ. |Max.| Unit MT::F
Circuit
Input Current 1 } I Vin1=Vpp (pull-down) 30 | 90 | 300 pA
(PO.0t0PO3), (P2010P23), - Vir=Vssp (pull-up) 300 -9 |30 wA
(P3.0 1o P3.3) iz Vini=Vop (h|.gh-|.mpedance) 0o, — 1 pA
liLsz ViL1=Vssz (high-impedance) -t | — 1 0 | pA
Iniput Gurrent 2 12 V|H2=VDD.(pu.II-d0wn) 30 | 90 | 300 | pA
(INO, IN1) liHoz ViHe=Vnp (hlhgh-ulmpedance) 0| — | 1 |pA 3
liLoz Via=Vssz (high-impedance) -t | — 0 | uA
Intput Current 3 liLs V|L3=Vs§2 (?utl-up) -300(-110 -10| pA
(05C1) i i3z ViH3=Vpp (hligh-I'mpedance) : 0 — 1 | A
liLsz Vi .a=Vsgg2 {high-impedance) -1 ] — 10 |pA
Intput Current 4 hHa Vina=Vpp 0| — \ 1 | pA
(RESET, TST1, T5T2) fa Via=Vss2 -3 |-1.5-0.75 mA
Input Voltage1 (P0.0to P0.3), | Vim — 06, — 0 |V
(P2.0to P2.3), (P3.0t0 P3.3) ViLy — 3.0 — [-24| V
Input Voltage 2 Vine — 06 — | O \Y
(INC, IN1, 0SC1) Viez — =30 — |24V
Input Voltage 3 ViH3 — »0.61 — | 0 v
_ (RESET, TST1,T572) L Vs : - 30 — |24, V 4
Hysteresis Width (P0.0 to P0.3), AVTH N 02 ‘ 05| 1 v i
(P2.0to P2.3), (P3.0t0 P3.3) ‘ |
Hysteresis Width i
(RESET T5TT. T5T2) AVT2 — 02 05| 1 v ‘
input Capacitance
(P0.010PO3), (P2010P23), | Ciy — — | =15 : pF 1

(P3.010 P3.3) ! ‘ L
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Measuring circuit 1
Cso
RTO —“ Rlﬂ
RT0 CS0 INO YT
X——m
0SC1
0 XTAL
Ros g —
0sc2 G4 —
C12
G T
VssL
Voo Vss1 Vsse Vss3
Ga. Cp, C12, Oz 0.1pF
g Ros: 100k
6 = Caj LGCbj XTAL: 32.768kHz
i = - Rrg:  10kQ/2kQ
Cso:  820pF
Rip:  10kQ
Measuring circuit 2
(*2)
Vin o—= . o —0 g
(*1) g 3
= < R
V||_ O -
Voo Vsst Vssa Vssz  Vssi
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Measuring circuit 3

(*3)
@ o[
5 S
S &
T - -t
Vop  Vss1 Vsso Vsss  Vssi
Measuring circuit 4
Waveform
Vi © check
o
(*3) 5 =
2 -
ViL o0—~ = 5
Vop  Vssi  Vssz Vsss  Vssi

*1  Input logic to select a specified state.
*2  To be repeated for the specified output pin.
*3  To be repeated for the specified input pin.
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A/D Converter Characteristics

(Vpp=0V, Vssa=—-3.0V, Ta=—40 to +85°C unless otherwise specified)

Measur-
Parameter Symbol Condition Min. Typ.|Max.|Unit| ing
Circuit
Rso,
Rs1,
Resistor for Oscillator Ry, €S0, CT0, CS1=740pF 1 | — | —|kQ
Rro-1,
. R
Input Current Limiting Resistor | R, Ryy — 1110 — | k@ 5
fosct Resistor for osciltation=2kQ2 200 1 239 | 277 | kHz
Oscillation Frequency fosce Resistor for oscillation=10kQ 465 {55.4 | 64.3 | kHz
foscs Resistor for oscillation=200kQ | 2.79|3.32 | 3.85 | kHz
- Kf1 Rto, Rro-1, R11=2kQ 4115/ 4.22 4.326] —
:ﬁ'oi‘f)ow"a“°"mq”e"°y K2 Rro, Rro.1, R11=10kQ2 0990 1 [1.010 —
Ki3 Rto, Ryo-1, R71=200kQ 10.05730.06160.0685% —

*

resistor to the oscillation frequency by a reference resistor in the same condition.

The RS ¢ RT oscillation frequency ratio (Kfx) is the ratio of the oscillation frequency by a sensor

Kene foscx(Ryo-Csg Oscillation) foscy(Ryg.1-Csg Oscillation) fsc,(Ryy~Cs; Oscillation)

foscx(Reg—Csp Oscillation), foscx(Rgo—Csg Oscillation), foscx(Rs1~Csy Oscillation)
x=1,2,3)

Measuring circuit 5

(CROSC1)

(CROSCO)

|l £t S| &

cl O £l 2
oj

R1o-1
Rto

T

-
~_ |RT1RS1CST INA
g|-{ReSET
— 8
= TST1
B|{TST2
21+ P0.0
Q
£ — P01
2
£ [-{P0.2
&l lpo3
L2 ] VDD

D.UT.

INO CSO RS0 CRTO RTO

P3.3

Vsst Vsst | Rio, Rn=10kQ
Csg, Cro, C51=820pF
Cr=0.1uF

g i

i T

———oFrequency measurement (foscx)

Rt1, Rro-1, R71=2kQ/10kQ/200kQ2
Rso, Rs1=10kQ
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FUNCTIONAL DESCRIPTION
Temperature Measuring and Display

The (built-in) thermometer can measure the temperatures of two different points simultaneously.
(Temperatures measured by INO, RS0, CS0, and RTO0 are called TEMPO, and those measured by
IN1, RS1, CS1, and RT1 are called TEMP1.)

Either TEMP0 or TEMP1 is displayed in time and temperature mode, and both TEMP0 and
TEMP1 are displayed in temperature mode.

Temperatures are detected with the thermistor and the frequency conversion method is used for
A/D conversion. Since the frequency conversion method is suited to compensate the non-
linearity of thermistor, higher precision can be obtained in a wide range of temperature (-20°C
to +70°C).

e Temperature measuring range
°C: C/F="L" (Vsg)
-20 to +70°C  (displays "-20L" when temperature is under -20°C, and "70H" when
temperature is over 70°C)
°F: C/F="H"(Vpp)
0to +160°F  (displays "0L" when temperatureisunder 0°F,and "160H" when temperature
is over 160°F)

» Applicable thermistor
103AT (manufactured by Ishizuka Electronics Co., Ltd.)

e Resolution
0.1°C (0.1°F) in the whole range of temperature

* Sampling cycle
By the level of the SMP pin at reset time, temperature measurement of both TEMPO and TEMP1
can be set as follows:

¢ When the input level of SMP is "L" (Vgg), TEMPO and TEMP1 are measured once in two
seconds.

¢ When the input level of SMP is "H" (Vpp), TEMP0 and TEMP1 are measured once per minute.
However, sampling is not performed during time setting, temperature alarm setting, and
buzzer output.

e C°/F° display setting
By the input level of °C/°F pin at reset time, °C/°F display can be set as follows:
¢ When °C/°F pin is L (Vsg) level, the unit of temperature is Centigrade (°C).
* When °C/°F pin is H (Vpp) level, the unit of temperature is Fahrenheit (°F).
The unit of temperature cannot be changed during operation.
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Clock and Temperature Display

Displays current time and measured temperature at the same time. Either TEMPO or TEMP1 can
be selected for display by using the SEL switch.

In the case of TEMPO, the measured temperature is displayed in the upper part of LCD, and the
current time in the lower part.

In the case of TEMP1, the measured temperature is displayed in the lower part of LCD, and the
current time in the upper part (see figure below). The current time is displayed in 12-hour system.

Display examples

PM
E E H o Temperature (TEMPQ) Centigrade display
L
Clock
L

PM
Clock
L J
’ D ¢ H _}
B D l_‘ o Temperature (TEMP1) Fahrenheit display
. | F
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Time Correction State

When the SET switch is pressed continuously for two seconds or more in the time and
temperature state, the minute correction state is selected.

During this state, the minute digit flashes at 1 Hz. If the UP switch is pressed in this state, the
minute digit advances by 1, and the second digits become 00. When UP switch is pressed
continuously for 1 to 2 seconds, the minute digit increments at a 8-Hz rate.

When the MODE switch is pressed in the minute correction state, the hour correction state is
selected. In this state, the hour digit flashes at 1 Hz. If the UP switch is pressed in this state, the
hour digit advances by 1. And when the UP switch is pressed continuously for 1 to 2 seconds, the
hour digit is fast forwarded by 8 Hz.

The clock and temperature display state is restored by pressing the SET switch. In this case,
TEMPO is selected.

PM

‘ /
‘ D . |
$- l j[ Clock (minute digit correction)
7 | \

"™~ Flashes at 1 Hz

PM

[ )
D N —’ Flashes at 1 Hz

— Clock (hour digit correction)
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Temperature Display State

Temperature display state is selected by pressing the MODE switch in time and temperature
state. In this state, the measured temperatures TEMPO and TEMP1 are displayed at the same
time.

The temperature alarm is enabled or disabled with the SEL switch. An alarm mark () ) appears
during alarm enable state.

]
))) «——— Temperature alarm enabled

PM
E‘ E H T: ~—— Temperature (TEMPO) Centigrade display
L

— E D L T - Temperature (TEMP1) Centigrade display
. [ (Indicates that the measured temperature is under -20°C)

—— Temperature alarm disabled

PM -—
3 \—‘| |:| OF: ~<—— Temperature (TEMPO) Fahrenheit display
[ ]

H T: -— Temperature (TEMP1) Fahrenheit display
[ ]
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Temperature Alarm Setting

The temperature alarm function compares measured temperature with preset temperature.
There are following two types of temperature alarm:

¢ Higher-temperature alarm: When the measured temperature is higher than the preset
temperature, alarm sounds for ten seconds and "H" (Vpp) is output from corresponding port.

e Lower-temperature alarm: When the measured temperature is lower than the preset
temperature, alarm sounds for ten seconds and "H" (Vpp) is output from corresponding port.

Both higher-temperature alarm and lower-temperature alarm can select TEMPO and TEMP1 for
a total of four available temperature alarm modes. Alarm enable/disable is performed
independently.

1) Temperature alarm setting
Pressing SET in the temperature display state selects the temperature setting of temperature
alarm. Each time MODE switch is pressed, the temperature alarm setting is changed in the
following order:

TEMPO }iigher-temperature alarm
TEMPO lower-temperature alarm
TEMP1 Tgher-temperature alarm
TEMP1 lower-temperature alarm
TEMPO higher-temperature alarm

By pressing SEL in the setting state, setting mode can be toggled between enable and disable
individually. In disable mode, "OFF" is displayed instead of temperatures. However, if all the
temperature alarms are disabled in the temperature display state, the individual enable becomes
invalid.

To increase the temperature in 1°C (°F) increments, press UP while in the enable mode.

The temperature display state is restored by pressing the SET switch.

2) Temperature alarm output
The temperature alarm has two outputs: buzzer output and port output.
The buzzer sounds for 10 seconds after the start of temperature alarm operation. The buzzer
frequency is 2 kHz with a 50% duty cycle.
There are four output ports corresponding to each temperature alarm.
If temperature alarm starts operation, then H (Vpp) is output from corresponding port.
(See "Pin Description” for the correspondence between temperature alarm and ports.) H
(Vpp) is output from that port until the temperature alarm ends.
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Display examples

TEMP

TEMPO higher-temperature
alarm

TEMPO lower-temperature
alarm

TEMP1 higher-temperature
alarm

TEMP1 lower-temperature
alarm

TEMP

TEMPO higher-temperature alarm
disabled

TEMPO lower-temperature alarm
disabled

TEMP1 higher-temperature alarm
disabled

TEMP1 lower-temperature alarm
disabled
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Serial Communication Functions

When an "H" level is input to the SIN pin, the latest measured temperature is output in serial
mode through the SOUT pin.

The length of data is 8 nibbles in unsigned BCD code format. When the measured temperature
is negative, "A" ("1010" in binary) is transferred instead of the hundreds data.

Serial data is output from LSB in synchronization with the pulse output from SCLK pin.

Serial communication waveform

SIN

SOUT
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— <_~ Longer than 62msec

_ ' e Less than100msec
TEMPO temperature data TEMP1 temperature data
K Tenth > Units > Tens >¢Hundreds>_ Tenth > Units > Tens ><Hundreds>
// = . . et =
‘,'/,./ 7.85msec 7.85msec: 7.85msec 7.85msec 7.85msec 7.85msec 7.85msec’ 7.85msec
(\g 62.8msec i
Partial enlargement
SOUT Cite > bit1 X itz X bit 3 > bit0
L e < .
458usec 1.1msec 24msec
— > <
549usec
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Entire LCD ON

The entire LCD is turned on when any switch (MODE, SET, SEL or UP) is pressed at the time of
reset of the MSM64162-001/002. To end this mode, reset the MSM64162-001/002 again.

AM PM TEMP W)

HHH.He
HHH.HE
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Adjustment and Initialization

e Temperature adjustment
To adjust the temperature measurement circuit, take the following procedure.

1) Set the temperature around the thermistor to 25.0°C.

2) Setthetemperaturedisplay TEMPOto 25.0°Cby changing the resistor RS0 of the temperature
measurement circuit.

3) Set the temperature display TEMP1 to 25.0°C by changing the resistor RS1 of temperature
measuremant circuit. Theexternal resistor of the temperature measurement circuit influences
the measurement accuracy. It is therefore recommended to use a resistor with little variance
in temperature and aging characteristics.

Use the type 103AT thermistor manufactured by Ishizuka Electronics Co., Ltd.

¢ Initialization
The MSM64162-001/002 is initialized at POWER ON.
It can also be initialized by applying L level (Vsg) to the RESET pin.
The initialized state is as follows:
Clock time: 12:00 AM.
Temperature Alarm: Disabled
Lower-temperature alarm setting temperature : -20°C or 0°F
Higher-temperature alarm setting temperature : 70°C or 160°F
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