OKI Semiconductor
MSM64164C-011/012

Clock with Temperature Measuring Function

GENERAL DESCRIPTION
The MSM64164C-011/012 is a clock IC with a temperature measuring function.
FEATURES

* The clock function displays hour, minute, and AM/PM; it canbe switched between 12 /24 hour
display.

» The temperature measuring function measures two different temperatures simultaneously
(two channels).
Two types of temperature measuring ranges for each channel can be selected:

TYPE1 : —40.0°C to +70.0°C (—40.0°F to +160°F)
TYPE 2 1 +60°C to +200°C (+140°F to +400°F)
Resolution Type 1 :0.1°C, 0.2°F
Type 2 :1°C, 2°F
Precision  Typel : £2°C (MSM64164C-011, at Vpp = 1.5V, 40 to +70°C)
or x1°C (MSM64164C-012, at Vpp=3.0V, 40 to +70°C)
Type 2 : Under measurement

Selection of a temperature
measurement period : 1 minute or 2 seconds
o 8 digits + 20 indicators, 1/3 duty LCD drive
e Alarm function
¢ Countdown timer function: Up to a maximum of 23 hours 59 minutes can be set in 1 minute
decrements.
¢ Upper limit/lower limit temperature alarm function, set with 1°C (°F) intervals.
* Maximum/minimum temperature memory functions.
* The second-time function displays hour, minute, and AM/PM; it can be switched between 12
and 24 hours.
¢ Low power consumption
¢ Serial interface output
¢ Power voltage : 1.5V (MSM64164C-011) or 3V (MSM64164C-012)
¢ Package options:
80-pin plastic QFP (QFP80-P-1420-K)
{Product name : MSM64164C-011GS-K/MSM64164C-012GS-K)
80-pin plastic QFP (QFP80-P-1420-BK)
(Product name : MSM64164C-011GS5-BK/MSM64164C-012GS-BK)
Chip
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OKI Semiconductor MSM64164C-011/012

APPLICATION CIRCUITS
Example of MSM64164C-011 circuit

In the figure below, the temperature measurement range is set to type 1 for TEMPO and type 2
for TEMP1. The temperature is shown in °F. The temperature measuring period is 1 minute.
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C1=202=C12=C4=1.0pF, unconnected pins are open

165



MSM64164C-011/012 OKZX Semiconductor

Example of MSM64164C-012 circuit

In the figure below, the temperature measurement range is set to type 2 for TEMPO and type 1
for TEMP1. The temperatuereis shownin °C and the temperature measuring period is 2 seconds.
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TEMP1 rﬁeasﬁrement TEMPb méasurement

C1=C2=C13=C3=1.0uF, Cx=30pF, unconnected pins are open
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OKI Semiconductor MSM64164C-011/012

PIN CONFIGURATION (TOP VIEW)

m.N.v—.O.ﬂ.t\e*-.ct.-‘Y?Z'g a5 3
EEEEEEEEL"-’»—‘&‘QIQi‘”o’"o’
ol e e s
Lo[ 1| | 64 | L3y/P6.3
L2 | @ 63 | L3a/P6.2
L[ 3 | | 62 | Lay/P6.1
s[4 ] [ 61 ] Lao/PB.0
L5 | | 60 | Log/P5.3
5[ 6 | | 59 ] Lpa/P5.2
ts] 7 | | 58 | Lo7/P5.1
L] 8 | | 57 ] Log/P5.0
e[ 9 | [ 56 ] Los
Lo[ 10 | | 55 ] Lo
LwE | 54 | Lo
Ly [12 ] 53 | Lo
L12E ELZT
Lis[14 ] 151 Lo
L1a[ 15 ] 50 ] L1
L5 16 | 149 | Lss
Lig[ 17 | 48 L7
p2.0[ 18 | a7 ]c,
P2.1[19 | | 46 | C
p2.2[ 20 | | 45 JVsss
p2.3[ 21 | | 44 | Vsse
P3.0[22 | 43 ] Vss
P31[23 Q |42 | vgss
P3.2[ 24 | | 41 ] RT

BD

P33 [ & |
PAO [ 3]
Pai [ ]
Pa2 [
P43 8|
8
Vs [ 2|
Voo [ &
RTO [ ]
crT0 [ €]
RSO [ & |
cso [ & |

IN1

iNo [ €]
8

cst [ 8]

RS1 [ 3]

80-Pin Plastic QFP

Note: Supply Vpp from pin 32.
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MSM64164C-011/012 QK Semiconductor

PAD CONFIGURATION
Pad Layout

Chip size: 5.57mm x 4.52mm

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42
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OKI Semiconductor MSM64164C-011/012

Pad Coordinates
Center of chip: x=0, y=0

:t’ Pad Name X (um) y (um) :‘;d Pad Name x (pm) y (um)
1 Lo -2678 -2153 33 RTO 2678 177

2 L -2430 . -2153 34 CRTO 2678 391

3 ) -2188 -2153 35 RSO 2678 604

4 Lz -1947 -2153 36 | CSo 2678 818

5 L4 -1705 -2153 37 INO 2678 1031

6 Ls ~1464 -2153 38 INt 2678 1245

7 Lg -1222 -2153 39 CS1 2678 1459
8 7 -980 -2153 40 RS1 2678 1673
9 Lg ~739 2153 L RT1 2678 1886
10 Lg 497 -2153 - 42 Vsst ‘ 2678 2153
11 L1 | 255 -2153 | 43 Vss 2424 2153
12 Lyq ! -14 —2153 44 Vss2 2181 2153

13 L2 : 228 -2153 45 Vss3 1939 2153
14 L3 470 -2153 46 Cq _ 1697 2153
15 Lig 712 -2153 47 Co : 1455 2153
16 Lis 954 -2153 48 Li7 1213 2153
17 Lig 1196 -2153 49 L1g 971 | 2153
18 P2.0 1437 ‘ -2153 50 Lig 729 ‘L 2153
19 P2.1 1679 -2153 51 Leo 487 | 2153
20 p2.2 1921 -2153 52 Ly 245 | 2153
21 P2.3 2163 -2153 53 Loo 2 2153
22 P3.0 2405 -2153 54 L23 —240 2153
23 P3.1 2678 -2153 55 Los L 482 2153
24 P3.2 2678 b -1745 . 56 Los ‘ —724 2153
25 P33 2678 -1531 57 Log -966 2153
26 P4.0 ! 2678 -1318 © 58 | Lo7 -1208 2153
27 P4.1 ‘ 2678 -1104 59 ! Log -1450 2153
28 P4.2 2678 ~891 60 Lag -1693 ‘ 2153
29 ‘ P4.3 2678 ~678 61 L3p -1934 2153
30 BD i 2678 —464 62 L31 2177 2153
31 Vss1 1 2678 ~251 63 L3 —2418 2153
32 Vop | 2678 -37 64 Lss | -2678 2153
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MSM64164C-011/012

OKI Semiconductor

Pad Coordinates (continued)

Center of chip: x=0, y=0

'::f PadName | x (um) yom :1‘_’ PadName | x (um) y (um)

85 0SC2 2678 1782 | 73 P10 26718 | -19
66 0SC1 2678 1549 74 P1.1 2678 305

67 Voo 2678 1315 75 P12 2678 -532

68 Xt 2678 1081 76 P13 2678 | -758
69 XT 2678 848 77 PO.O 2678 984

70 RESET 2678 615 78 PO.1 2678 1203

7 ST 2678 381 79 PO.2 2678 1429
72 TST2 2678 148 80 P0.3 2678 -1656
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OKIX Semiconductor MSM641684C-011/012
PIN DESCRIPTIONS
Symbol in Symbol Used
Input/Output Type D ipti
Microcontrollers| in This Manual e tput Typ escription
PO.0 MD Input with pull-down resistor Mode layout sett'mg (H: temperature mode only,
L: all modes available)
Temperature m i cl
P0.1 SMP Input with pull-down resistor p r' ure measring cyce
{H: 1-minute cycle, L: 2-second cycle)
) ) Test mode selection switch
P0.2 TESTH Input with puli-down resistor (H: test mode. L: normal mode)
) ) Test mode selection switch
P0.3 TEST2 Input with pull-down resistor (H: oscillation test, L: Idd test)
P1.0 TOUT1 CMOS output Temperature alarm output on H-side of TEMPO
P11 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
P20 g * Input with pull-down resistor gtv:titeching between normal state and correction
P2.1 EI* | Input with pull-down resistor | DiSRIay time Switching, fimer start/stop and
[E] putwinp alarm ON/OFF
P22 Al Input with pull-down resistor Display temperature switching and setting of
conversion values
P23 ik Input with pull-down resistor Display .temperature switching and setting of
conversion values
P3.0 @ * Input with pull-down resistor | Mode selection
Switching between °C and °F of displa
P3.1 °C/°F CMOS input ¢ piay
temperature (H: °F, L: °C)
P3.2 T_SETO CMQS input Thermistor setting of TEMPO (H: Type 2, L: type 1)
P3.3 T_SET1 CMOS input Thermistor setting of TEMP1 (H: type 2, L. type 1)
P4.0 SouT NMOS open drain output Serial data output
P41 SPR NMOS open drain output Serial communication synchronous signal
P4.2 SCLK Input with pull-down resistor | Serial communication clock
P43 SIN Input with pull-down resistor | Serial communication start
[ ) . When the level is changed from L to H, microcontroller
RESET RESET Input with pull-up resistor | is initialized and execution of instruction starts from
address 0.
RS0.CS0. RTO. N0 [RSO.CS0.RTO. ING TEMPO measuring oscillation circuit
CS0.RTO, e (thermistor, resistor and capacitor are connected)
RS1.CS1 RT1. N1 [RS1.CS1.RTLINT TEMP1 measuring oscillation circuit
e e (thermistor, resistor and capacitor are connected)
BD BD CMOS output Buzzer driver pin
totoLas LgtoLas — LCD driver pins

* [5],[E]-[Al[B] and [M] alsoindicate the names of the switches connected to corresponding

pins.
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MSM64164C-011/012 OKIX Semiconductor

LCD FORMAT

LCD Layout

Liz | b | Lo | Lo

; ~ /

b ~

| /lm {T

;
{TEMP ,;I

COM;
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OKI Semiconductor M3SM64164C-011/012
Segment Assignment
Symbol COM1 Group COM:2 Group COMs Group
Lo PM % 1¢
L AM 1b 1g
Ly 1a 11 1e
L3 2b 2 DO
Ls 2a 29 2d
Ls 2f 3e —
Lg 3b 3¢ coLt
L7 3a 3g 3d
Lg 2ND 3t 3e
Ly ™ ad —
Lig 4a 49 4c
Lyy 4f 4e 4d
L1z TEMP ALARM MAX
Li3 — - COM3
Lig —_ COMy —
Log COM;4 — —
Loy MIN 8e 8f
Loz 8d 8y 8a
Loz 8c | 8b 7a
Log 7d | 7e 7t
Los COL2 * 7c 79
Log e 6f 7b
Lo7 6d 6g 6a
Log DOT3 6¢ 6b
Log 5e 5¢ 1d
L3p 5d 5 5a
L3 DOT4 5¢ 5b
Lsz 10d 10a DOT2
Las 10f of 9d
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MSM64164C-011/012 OKI Semiconductor

MSM64164C-011 (1.5V Specifications)

ABSOLUTE MAXIMUM RATINGS

{(Vpp=0V)
Parameter Symbol Condition Rating Unit
Power Supply Voltage 1 Vss1 Ta=25°C -2.0t0+0.3 v
Pawer Supply Voltage 2 Vss2 Ta=25°C -40t0+03 v
Power Supply Voltage 3 Vsss Ta=25°C -5510+0.3 v )
Power Supply Voltage 4 VssL Ta=25°C -20t0+0.3 v
Power Supply Voltage 5 Vss Ta=25°C -5.510 +0.3 v
Input Voltage 1 Ving Vss1 input,Ta=25°C | Vsg1—0.310 +0.3 \ )
_ Input Voltage 2 Ving Vss input, Ta=25°C ! Vss0310+03 v
Input Voltage 3 Ving Vst input,Ta=25°C Vgs1—0.3t0 +0.3 v
Output Voltage 1 Vourr | Vsst output,Ta=25°C i Vgs1—0.310 +0.3 v o
Output Voltage 2 Vourz | VsszoutputTa=25°C | Vssp-0.310+03 v
Output Voltage 3 ' Vours | Vss3 output,Ta=25°C Vss-0.310 403 Voo
Output Voitage 4 Vours Vgs output,Ta=25°C Vgs—0.310 +0.3 v
Output Voltage 5 ‘ Vours | Vsst output,Ta=25°C Vsg-0.310+0.3 v
Storage Temparature | Tste — -551t0 +125 ¢
RECOMMENDED OPERATING CONDITIONS
(Vop=0V)
Parameter ‘ Symbol Condition Range Unit
Operating Temperature Top — ‘ —-40 to +85 ¢
. Vssy — -1.7t0-1.25
Operating Voltage Ves | — 5.25 10 Vst v )
400kHz OSC External Resistance | Ros 3 — 250 to 500 ok
Crystal Oscillation Frequency i fxer = 30te35  kHz
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OKI Semiconductor M8&M641684C-011/012

ELECTRICAL CHARACTERISTICS

DC Characteristics
(V_DD=DV, Vss1=Vss=—1.5V, Ta=—40 to +85°C unless otherwise specified)
-
Parameter Symbol; Condition Min. | Typ. |Max.| Unit| ing
: Circuit
Vsgz Voltage Vssp l Car Ch, C12=0.1pF, +100%, -50% |-3.2|-3.0|-28| V
Vss3 Voltage Vss3 1 Ca, Cp, C12=0.1uF, +100%, -50% |-4.7 |-45/43| V
VssL Voltage Vsst — -15|-13|-06| V
Within 5 seconds after
XTOSC Oscillation Start Voltage | Vsta - — | — -145| V
oscillation starts
XTOSC Oscillation Hold Voltage } VHoLp — — | — |F1.25| v
XTOSC Stop Detection Time ~ ; Tsrop — 01| — |1000{ ms
XTOSC Internal Capacitance N C — 10 | 15 1 20 | pF
XTOSC External Capacitance ‘ CGEX | When CG is connected externally | 10 | — | 30 | pF
XTOSC Internal Capacitance ) — 10 | 15 | 20 | pF
400k0SC Internal Capacitance } Cos — 8 | 12 | 16 | pF
. ) External resistance Rog=300kQ
400k0SC Oscillation Frequenc fi 80 | 220 | 350 | kHz
talion Frequency 0S¢ Vggo=—1.25t0 1.7V
. POR is generated when Vsg1 is
POR Generation Voltage VPoRi between Vprog1 and —1.5V L4 — | 0O v i
) POR is not generated when Vgg1 is }
POR Non-Generation Voltage VpoRr2 between Vprory and ~1.5V -15 — (12| V
Current Consumption 1 | CPU in halt state Ta=—4010 +40°C| — = 2 5 uA
P ODT | (400kOSC halty  |Ta=+40t0+85°C| — @ 2 | 30
CPU in operation state [Ta=—40to +40°C| — | § 15
C t tion 2 ]
urrent Consumptio D02 | s00kOSChaty  |Tasd0to+857C| — | 5 | 40 | M
CPU in operation state | ‘1
t Consumption 3 l I— | 90 | 180
Current Consump P03 | (400KOSC in operation) ! WA
Serial transfer, o
Current Consumption 4 Ibba | fsck=300kHz, CPy |1a=4010+40°C1 — | 7 | 25 WA
inoperation state on
i CPU in halt state
! (400k0SC halt),  RTO=10kQ  — (150 | 230
Current Consumption 5 i ipps | RC oscillator tpr pA
; A/D anvener in RTO=2kQ — | 600 ! 900 l
operation ; ‘ \ :
Notes: "XTOSC" refers to the 32.768kHz crystal oscillation circuit.

"POR" refers to Power-On Reset.
A system reset occurs if XTOSC stops oscillation for more than the duration indicated
by "Tstop".

[ ]
o "400kOSC" refers to the 400kHz RC oscillation circuit.
-
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MSM64164C-011/012 OKI Semiconductor
DC Characteristics (continued)
(Vpp=0V, Vss1=Vss =Vgs=—1.5V, Vgg0=-3.0V, Vss3=-4.5V, Ta=—40 to +85°C unless otherwise specified)
Parameter Symbol Condition Min. | Typ. Max.| Unit ing
| ) Circuit
loH1 Vor1=-0.5V -21|-07;-02| mA
Output Current 1 (P1.0) loLs Vor1=Vsg1+0.5V 1 3 9 | mA
loL1s Vss=—5V, VgL 1=Vgs+0.5V 4 | 12 | 36 | mA
Output Current 2 lgH2 Vono=—0.5V -2.1(-07-0.2| mA
(P1.110 P1.3), (P2.0t0 P2.3) oLz VoLo=Vss140.5V 020721 mA
(P3.0to P3.3), (P4.0to P4.3) loLzs Vgs=—5V, VoL2=Vss+0.5V 1,3 9 i mA
Output Current 3 lons Vous=—0.7V -18 -06|-0.2! mA
(BD) los VoLs=Vss1+0.7V 0206 18| mA
Output Currentd (RTO, RT1, RSO, I lon4 Vorea=0.1V ~-11|-06{-0.3| mA
RS1, CRTO, €S0, CSY) loLa Vore=Vss1+0.1V 03,06, 11| mA
Outout Current 5 lous Vons=0.5V ~151-05!-0.1| mA
(Whpen Log-L3a are output ports) - lous VousVs5+0.5Y 01,05 1.5 mA
loLss Vss=—5V, VoL55=Vss+0.5V 02|07 20{mA 2
Qutput Current 6 loHs Voug=0.5V :=21(|-07 02| mA
(05C2) loLs Vore=Vss1+0.5V 02107 :21:mA
lon7 Vorz=—0.2V (Voo level) — i — 4 uA
lomnz | Vommr=Vss1+0.2V (Vssilevel) | 4 | — | — | pA |
Qutput Current 7 lomH7s Vomnrs=Vss1—0.2V (Vsg1 level) —_ | — -4 pA
(Lo-La3) lomr | Vomiz=Vss2+0.2V (Vssy level) 4 | — — pA
| lomizs | Vomizs=Vsse—0.2V (Vsso level) | — — 4 A
loLz VoL7=Yss53+0.2V (Vgs3 level) 4 —  — JA
Output Leakage Current
(P1.0to P1.3), (P2.0to P2.3), loow Vor=Vpp — — 03 pA
(P3.0to P3.3), (P4.0to P4.3), .
(RT0, RT1, RSO, RS1, CRTO, looL VoL=Vsst 0.3 i‘ . }J LA

£S0, CS1)
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OKI Semiconductor . MSM64164C-011/012

DC Characteristics (continued)
(Vpp=0V, Vss1=Vss =Vgs=—1.5V, Vs50=—3.0V, Vgg3=—4.5V, Ta=—40 to +85°C unless otherwise specified)

Parameter Symbol Condition Min. | Typ. [Max.| Unit c;::‘ .

N1 Vin1=Vpp (when pulled down) 5 | 18 | 60 | pA
tnput Current 1 lhL1 v —\\/h“:\/\/si(:’\:‘ f\:hzlrjn"e:llzg)d ) _:00 ;:sg 6_650 "
(PO.010 PO3), (P2010P23) TR Y pUiecC 1ow uA
(P3.010 P3.3), (P4.0 10 P4.3) s | Viu1=Ves=—5V (when pulled up) |-660|-250} -70 | uA

M1z ViHi=Vpp (at high impedance) 0| — 1 HA

Iz ViL1=Vss (at high impedance) -1 — | 0 | pA
Input Garrent 2 i Vine=Vop (when pt.llled down) 5 |18 | 60 i pA 3
(NG, IN1) liHoz ‘ Vine=Vpp (at hl.gh llmpedance) 0 — | 1 |uA

ez 1+ ViLe=Vssy (at high impedance) -1 | — {0 | yA
Intput Current3 s } Viug=Vss: (when puled up) | 60 |22 | 6 | A
(0SC1) liwaz | Vies=Vpp {(at h'.gh llmpedance) 0| — i -1 | pA |

hisz V) 3=Vss1 (at high impedance) -1 — 0 | pA ‘
intput Current4 g ViHa=Vpp 0| — 1 | pA
(RESET, TST1, TST?) hia ViLsa=Vssi -1.5|-0.75/-0.3! mA
Input Voltage1 3 Yl:: : :(112 : _?2 ‘ x
(P0.0 to P0.3), (P2.0 to P2.3) — T
(P3010P33), (PA0I0 PAS)  |—IS Vss=—SV ! ¢ V|

. Vius Vgg=-0V -5 — | 4 VvV

Input Voltage2 Vi — 03| — 1 0  V
(INO, INt, OSC1) Viez — 15| — 112, V 4
Input Voltage3 ViH3 — 03| — | 0 v
(RESET, TST7, T5T2) Vig | — 15| — I-12| v
Hysteresis Width (P0.0to P0.3) | ~V7y — 00501 03| V
(P3.0t0 P3.3), (P4.010P4.3) 1 Vpig Vgs=—5V 02510 15| v
Hysteresis Width |
(W, T—S‘-ﬁ—’ ﬁ) VT2 [‘ — 0.05‘ 0.1 | 0.3 ; v ‘
Input Capacitance i 1 i ‘
(P0.0 to PO.3), (P2.0 to P2.3) Ciy — — — 5 'pF| 1
(P3.0t0 P3.3), (P40t0 P43) | \
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MSM64164C-011/012 OKI Semiconductor
Measuring circuit 1
Cso
RTO — RIO
RTO CSo INO YT
0sCt XT 1
{1 Crystal osciltator
ROS xT ——T
0SC2 Cq s
Ci2
Gy I
VssL
Vb Vss1  Vsse Vss3 Vss
Ca Cp, G2, CL:  O.1pF
g ROS: 300k
oL - Ca] Co| Crystal Oscillator: ~ 32.768kHz
- T ¥ = RTO:  10kQ/2kQ
T CSO:  820pF
L RI0:  10kQ
Measuring circuit 2
(*2)
Viy o—= - N &)
* P-' c
(*1} a 3
= c —_
V“_ O— - —_t
Voo Vssi Vss2 Vss3 Vssi  Vss
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OKI Semiconductor MSM64164C-011/012

Measuring circuit 3

("3) o

@ ——-o0

INPUTS
1nd1no

Vop  Vssi  Vsss Vss3 Vssi  Vss

IR
I 1

Measuring circuit 4
° Waveform
Vi © - » o check
5 2
o |2 :
Vi 00— —
Vpp Vssi Vss2 Vss3 Vss.  Vss

T1T T LT
*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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MSM64164C-011/012

OKI Semiconductor

A/D Converter Characteristics

(Vpp=0V, Vss1=Vsg=—1.5V, Ta=—40 to +85°C unless otherwise specified)

Parameter Symbol Condition ;}Min. Typ.gMax. Unit in;u -
H | Circuit
RSO, | [ o
L
Resistor for Oscillator RT0, | €S0, CT0, CS1>740pF |2 —  — ke |
|RTO,, | | J |
RTt
input Current Limiting Resistor | RIC, R — 1110 — |k 5
| fosci |  Resistor for oscillation=2kQ 165 | 221 | 256 | kHz
Oscillation Frequency fosc2 Resistor for oscillation=10kQ 41.8 52.2 60.6 kHz
[ foscs Resistor for oscillation=200kQ | 2.55 | 3.04 | 3.53 | kHz
L n RT0, RT0-1, RT1=2kQ 389(4.18 1435 —
R*S'RTOSallatmnFrequencyRatlo k2 RTO, RTO-1, AT1=10k2__ |09%0] 1 ;17)10 —TJ
O | K3 RT0,RTO-1, RT1=200kQ  |0.0561|0.0584/0.0637 — |

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

fosex(RTO—CSO oscillation)  foscx(RT0-1-CS0 oscillation) fogex(RT1-CS1 oscillation)

Kfx=
(x=1,2,3)
Measuring circuit 5

(CROSC1)

(CROSCO)

T

RT0-1

RTO

foscx(RSO-CSO oscillation), fosex(RSO-CSO0 oscillation) , fogex(RS1-CS1 oscillation)

T

| RT1 RS10St Nt INO CSO RSO CRTO RTO

|-+ RESET
&+ TST
L
o {TST2 P4.3|———soFrequency measurement (foscx)
w | fpoo D.U.T.
o
5 i PO.1
Elxpr02 RT4, RT0-1, RT1=2ku/10k/200kS2

P03 RS0, RS1=10kQ
— ~ Nopp Vsst  Vss  Vssy | RIQ, RI1=10kQ

1 CS0, CT0, CS1=820pF
CL=0.1pF

% T
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AC Characteristics (Serial interface, Vpp=0V, Vss1=—1.5V, Vss=-5.0V, Ta=—40 t0 +85°C)
Parameter Symbol Condition Min. | Typ. Max.| Unit
SCLK Input Fall Time 1 — — | 15 1 50 | ns
SCLK Input Rise Time tr — — 115150 | ns
SCLK Input "L" Level Pulse Width | towi — 08| — | — | pus
SCLK Input "H" Leve! Pulse Width| town — 08| — | — | pus
SCLK Input Cycle Time teve — 20 — | — | ps
SCLK Qutput Cycle Time teveio CPU in operation at 32kHz — {305 — | us
SCLK Output Cycle Time tover) CPU in operation at 400kHz — | 25| — | us
SOUT Qutput Delay Time topr | CL=10pF — | — |04 ps
SIN nput Setup Time tos — 05! — | — | us
SIN input Hold Time oy - — 08 — | — | us
o teve .
SCLK
(P4.2) s ¥ yau o
7 [ \_ /
— | et —>| |
town NP towe
toor toor
Rl
SouT
(P4.0) AX X o
tos o . los
-t > - =‘ |
SIN ‘

(P3.3) A" v

("H" level = -1V, "L" level = 4V)
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MSM64164C-012 (3.0V Specifications)

ABSOLUTE MAXIMUM RATINGS

(Vop=0V)
Parameter 'Symboll  Condition ‘ Rating Unit
Power Supply Voltage 1 | Vssy Ta25C | 2010403 v
Power Supply Voltage 2 Vss2 Ta=25°C -4.010+0.3 v
Power Supply Voltage 3 Vss3 Ta=25°C -5510+0.3 v
Power Supply Voltage 4 Vssi Ta=25°C -4.010+0.3 \Y
Power Supply Voitage 5 Vss Ta=25°C -5.510+0.3 v
Input Voltage 1 N Ving Vs input, Ta=25°C  Vssr-03t0+0.3 v
input Voltage 2 Ving Vsg input,Ta=25°C Vss-0.31040.3 v
Input Voitage 3 Ving VssL input, Ta=25°C Vsg1—0.310 +0.3 v
Output Voltage 1 | Vour | Vsspoutput,Ta=25°C  V5g-0.31t0 +0.3 v
Output Voltage 2 Vour? ‘ Vss3 output, Ta=25°C Vgs3—0.310 +0.3 ! v o
Output Voltage 3 . Voura  Vss output,Ta=25°C T _ Vss-0.310+0.3 Y
Output Voltage 4 Vours Vs Output.Ta=25°C Vssi-0.310403 v
Storage Temperature . TSM — -5510 +125 °C
RECOMMENDED OPERATING CONDITIONS
(Vpp=0V)
Parameter Symbol _ Condition Range Unit
Operating Temperature Top —-40t0+85 °C
Vesa Using LCD driver with"duty 1/2" -35t0-2.2
Operating Voltage QOther than the above ] -35t0-20 | v
Vss _ '—5.25 10 (0.8*Vss2, ~2.0 ’""}’f-))
400kHz OSC External Resistance ROS — L 90 to 500 | kKQ
Crystal Oscillator Frequency | fu — | 30 to 66 L KMz

*

Upper limit of Vgg is 80% of Vss; level and is —2.0V of maximum.
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ELECTRICAL CHARACTERISTICS

DC Characteristics
{Vpp=0V, Vgs2=Vgs=—3.0V, Ta=—40 to +85°C unless otherwise specified)
: easur-
Parameter . Symbol Condition Min.: Typ. |Max. Unit| ing
i i Circuit
Vgs1 Voltage Vsst Ca, Ch, C12=0.1uF, +100%, -50% |-1.7 -15|-13 V
Vss3 Voltage ‘l Vsss | Ca, Cb, C12=0.1uF, +100%, 50% | 4.7 -45|-43. V
Vst Voltage D Vest — -19.-13|-06 V
Within 5 seconds after :
XTOSC Oscillation Start Voltage | Vsra . — — |20 V
oscillation starts ‘
XTOSC Oscillation Hold Voltage | Viovo — — J — |20 v
XTOSC Stop Detection Time Tstop - 01| — |1000/ ms
XTOSC Internal Capacitance CG — 10 | 15 | 20 | pF
XTOSC External Capacitance CGEX CG external option 10 | — | 30 | pF
XTOSC Internal Capacitance CD — 10 | 15 | 20 | pF
400k0SC Internal Capacitance Cos — 8 | 12 | 16 | pF
External resistance ROS=100kQ
400k0SC Oscillation Freguenc f 300 | 400 | 620 | kHz
quency | lose Veso=-2.0 0 ~3.5V
. POR is generated when Vg2 is
POR Generation Voltage VPoR1 between Vpror1 and ~3.0V 07| — | 0 v
: 1
) POR is not generated when Vgss is
POR Non-Generation Voltage VpoRr2 between Vprora and -3.0V 3| — |2V
Current Consumation | CPUinhaltstate  Ta=—4010+40°C — | 15 | 45 A
P PD' | (400kOSChal)  Ta=+4010+85°C — | 15 30
I CPUin operation state Ta=—40t0 +40°C — | 5 15 ‘
t Consumption 2 i :
Gurrent Gonsumpt D2 © a0okOSChal)  Tasd0to+85°C — | 5 . 40 | M
CPU in operation state
t C tion 3 I — | 220 450
Gurrent Consumpti DO3 | (400k0SG in operation) uA
Serial transfer,
e Ta=40tos40°C — | 7 0 25| |
Current Consumption 4 i Tsck=300KHz. | A
p - b4 ' CPU in operation Tams40 t +85°C 7 | 50 K
=+ + -
(400k0OSC in halt)
CPU in haltstate ‘ |
(400k0SG halt), RT0=10kQ2 — 300 : 450 ‘
Current Consumption 5 lops  RC oscillator fqr ‘ ; pA |
A/D converterin | gT0-2kQ — 11300 2000
operation ‘ ! N
Notes: ® "XTOSC" refers to the 32.768kHz crystal oscillation circuit.
¢ "400kOSC" refers to the 400kHz RC oscillation circuit.
e "POR" refers to Power-On Reset.
[ ]

A system reset occurs if XTOSC stops oscillation for more than the duration indicated
by "Tstop"
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OKI Semiconductor

DC Characteristics (continued)
{(Vop=0V, Vss1=Vss,=—1.5V, Vgs0=Vs5=—3.0V, Vg53=—4.5V, Ta=—40 to +85°C unless otherwise specified)

Parameter Symbol Condition Min.| Typ. |Max. Unit| ing
Circuit
| loun Vori1=—0.5V -6 | -2 |-0.7) mA
Output Current 1 (P1.0) | _lous VourVest0SV | 3 [ 8 |25 mA
; " loits Vss=5V, VoL 1=Vgs+0.5V 4 112 | 36 | mA |
Output Current 2 Lo | Vowe=08V | 6| -2 |-07|mA
(P1.110 P1.3), (P2.0 to P2.3) | loiz ! Vorz=Vss+0.5V 07 2 i 6 | mA
(P3.010P3.3), (P4.010P43) | lops | Vss=5V. Vorp=Vss+0.5V 113 9 m,
Output Current 3 o | Vorg=—0.7V 6| -2 07| mA|
_(8D) lots  VougeVest0.7V 07216 m
Output Current4 (RTO, RT1, RSO, | lons Voru=—0.1V -25|-1.3]-0.7 | mA |
_ RS1, CRTO, CsQ, CS1) loLs Vora=Vsgo+0.1V 0711325 mA
OQutput Current 5 :OHS VVOHT-U'S\;V *?Et:: —0';5} mA
OLS o15=Yss+0. . 6115 | mA
(When Log-Lag are output ports) 1 Vigemm5V. Vousg#Vest05V | 02107 | 20 | mA| 2
Output Current6 ‘A lomHg Vone=—0.5V -6 | -2 —0.7| mA |
(0SC2) o VoLs=Vss+0.5V 072 |6 mA
lowz Vor7=—0.2V (Vpp level) == uA
Jomrz  Vowr7=Vs51+0.2V (Vss1 level) 1l 4i—- — ‘ A |
Output Gurrent7 U lomuzs | Vomurs=Vssi~0.2V (Vssy level) — ! — -4 A
: R
(Lo-La3) L lowr | Vomir=Vsso+0.2V (Vssplevel) 4 | — | — | pA
| Jomuzs | Vomirs=Vssr-0.2V (Vssplevel) | — . — | 4 | pA |
loL7 VoL7=Vss3+0.2V (Vgsa level) | 4 i - | =
Output Leakage (P1.0 to P1.3), ‘
(P2010P23), (P3O0 P33) | look | vY°“="°D T 03 ”Aé
(P4.0 to P4.3), (RTO, RTH, RSO, [ oL VorcVsss 03— —

RS1, CRTG, €S0, CS1)
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DC Characteristics (continued)
(Vpp=0V, Vss1=Vgs1=—1.5V, Vgso=Vgs=-3.0V, Vsg3=—4.5V, Ta=—40 to +85°C unless otherwise specified)

Parameter Symbol Condition Min. | Typ. |Max.| Unit c-ilgm )
Ly
1y Viti=Vpp (when pulled down) | 30 | 90 | 300 | pA
tnput Current 1 l:::s v.m=\\::;, \)lsssi-(:\/h thzz':,ej::apiowm :go 2:((: sgg :j/:
(P00t P0.3), (P2.010 P2.3) liL1s Vi11=Vgg=—5V (when pulled up) ;-—800 -250| ~80 | pA
(P3.0to P3.3), (P4.0 10 P4.3) N :
Iz Vin4=Vpp (at high impedance) | 0 | — | 1 | pA
| iz | Vin=Vgs (athighimpedance) | -1 | — 0 | pA
Itput Current 2 w2 | Viee=Vop (when pulled down) | 30 | 90 300 | pA |
(IND. IN1) liH2z Vinz=Vpp (at hl.gh slmpedance) o0 |— 1 uA
B litez ViL2=Vss> (at high impedance) -1 | — 0 )
Intput Current 3 ‘ Tk} ViL3=Vss2 (when.pulled up) -300 —110: -10 1 pA }‘
(0SC1) liHaz Vina=Vpp (at hl.gh |.mpedance) 0 | — 1 | uA
B liaz Vi13=Vsg2 (at high impedance) -t | — 10 | uA
intput Current 4 & liHa ViHa=Vpp 0| — 1 nA
(RESET, 7571, T512) |l ViLa=Vss2 -3 |-15|-0.75] mA
input Voltage 1 Vit - 06 — |0V
Vi | — 30| — 24V
(P0.0 to P0.3), (P2.0 o P2.3) Vo -y S0 v
(P3.0to P3.3), (P4.0 to P4.3) Vis Ves—5V 5 =4 v
Input Voltage 2 C Vi — 06| —| 0 vV
(INO, IN1, 0SC1) | Vi — 30| — [-24] v
Input Voltage 3 | Vi — 06— 10| v | 4
(RESET, TSTH, TST2) Vi — 30| — [-24] v
Hysteresis Width e _ 021051 1 | v
(P0.0to P0.3), (P2.0t0 P2.3) 1 : -
(P3.0to P3.3), (P40toP43)  —~Vris Vgs=-5V 025110 15V
Hysteresis Width b ‘
(RESET, 57T, T5T2) i V19 — 02|05 i 1 Vv
Input Capacitance “ | ! 1
(P0.0to P0.3), (P2.0 to P2.3) { CiN — — — !l 5 | pF L
(P3.0t0 P3.3), (P4.0t0 P43) | o
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Measuring circuit 1

S0
RTO T RIO
RTO €SO INO 3T
0SC1 1 )
(0 Crystal oscitlator
ROS 1 b— T
05C2 G —
= Ci2
Co T
VssL
Voo Vssa  Vsst Vsss Vss

sl RT0:  10kQ/2kQ
CS0:  820pF
RIO:  10kQ

Ca Cp. C12,CL: O.1pF
1 ' 1 ROS: 100k
o L ® Ca] | Gof % Crystal oscillator: ~ 32.768KkHz

Measuring circuit 2

VlH O—— ——>
2 2 ®
1) z 3
= [
Vi o—= - =

<

oo Vssi Vsso Vssa Vsst  Vss

LTITIT
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Measuring circuit 3

("3

g —o0

INPUTS
1ndino

Voo Vss1  Vssz  Vsss Vssi  Vss

Measuring circuit 4

® Waveform

Vip o—= o Check

)

INPUTS
1ndino

Vi o—=

Voo  Vssi Vss2 Vsss VssL  Vss

B

*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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(Vop=0V, Vgs2=Vs5=—3.0V, Ta=—40 to +85°C uniess otherwise specified)

A/D Converter Characteristics
T

Parameter ‘Symbol Condition Min. | Typ. |Max.| Unit ?sgur-
. o ] Cirouit
RSO, | :
RS1, |
Resistor For Oscillator RT0, (S0, CT0, CS1=2740pF L | kQ
RT0-1,
| RT1 i
input Current Limiting Resistor [RIO.RH — 1,10 — | kQ 5
3 fosct Resistor for osciliation=2kQ2 200 | 239 | 277 | kHz .
Oscitlation Frequency B fosce Resistor for oscillation=10kQ2 465|554 643 kM
foscs Resistor for oscillation=200k | 2.79 3.32T3.85 kHz
RS*RT Oscillation Frequency Ratio Kf1 RT0, RT0-1, RT1=2kQ ;\4.115 422 4326 —
. | Ki2 RTO, RT0-1, RT1=10k2 0.990, 1 |[1.010] —
) Ki3 RTO,RTO-1, RT1=200kQ  |0.0573/0.0616]0.0659 —

* TheRS*RT 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.

Kfx

_ fosex(RTO-CS0 oscillation) fogex(RT0-1-CS0 oscillation) fogex(RT1-CS1 oscillation)

(x=1,2,3)

Measuring circuit 5

(CROSC1) (CROSCO)
[ = = o o - |2
Bl 8l 8 = Z 8 gle Sl
[ [t
AR
T T
RT1RS1CSt INt  INO CSORSO CRTO RTO
[ | RESET
S TST
wl
o | TST2 0T P4.3
&0 A
=
= H{ P0.1
& P0.2
LL_ P03 RS0, RS1=10kQ
~ Voo Vsst  Vss Vssz | RIO, RI1=10kQ
l (S0, GT0, CS1=820pF
CL=0.1yF
.
cL -
1 I
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MSMB41684C-011/012

AC Characteristics

(Serial interface, Vpp=0V, Vgsp=—3V, Vg5=-5V, Ta=—40 t0 +85°C)

Parameter Symbol Condition Min. Typ. Max.; Unit
_ SOLK Input Fall Time t — — 11550 | ns
SCLK Input Rise Time t — — | 15 | 50 | ns
_ SCLK Input "L" Level Pulse Width | tow, — 08| — | — | us
SCLK Input "H" Level Pulse Width| town — 08| — | — | us
SCLK input Cycle Time teve — 20| — | — | ps
SCLK Output Cycle Time oo CPU in operation at 32kHz — |305] — | us
ASCLK Output Cycle Time fovea) CPU in operation at 400kHz — | 25 : — | MS
~ SOUT Output Detay Time 100R CL=10pF ~—~ | — 1041 us
SIN Input Setup Time tps — 05| — i — | us
SIN Input Hold Time toH — (08| — | — | ps
o toye _
SCLK 747 ov
(P4.2) N f’
v ‘
! ‘
— | —t —| | |
town towL
 tooR tooR
r—p| |
SouT
(P4.0) AX > o
- !
|
tos || toH tos
- > |- | |
SiN ov

(P3.3) AE—

("H" level = -1V, "L" level = 4V)
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OPERATIONAL DESCRIPTION
Clock/Temperature Mode
In clock/temperature mode, clocking/correction and temperature measuring/display are

performed.
The following figure is the transition diagram of time and temperature mode.

S P

PM | PM
2Gfc ||  oBEe| 041 || 2241
o471 | B 2841 | 0| E 30
e & i s

(8]
Correction state

| [Correction state
™ N PM
Bl LB | L) el
Nozn! EEual < .

TEMPO display TEMP1 display

<12/24 hour display switching>
When [E] is pressed, 12/24 hour is toggled.

<Time correction>

In the normal state, pressing [§) selects the time correction state. In this state, the hour/minute
display flashes at 2Hz. Seconds are also displayed.

In the correction state, pressing [A] advances the hour by 1. If [B! is pressed, the minute is
advanced by 1 and the second is set to 0.

Continuously pressing [A] or [B] selects the 8Hz fast-forward correction state.

In the correction mode, pressing [§] restores the normal state.

<Temperature display switching>

In the normal state, pressing [4] selects TEMP0 and pressing [B] selects TEMP1.

TEMPO is displayed in the upper part of the LCD and TEMP1 is displayed in the lower part of
the LCD.
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Alarm Mode

Inalarm mode, alarm time settingand ON /OFF of alarm are performed. Alarm timeisdisplayed
in the same way as the clock (12/24 hour).
The following figure is the transition diagram of alarm mode.

— PM M
ormal state " ormal state
Alarm OFF HL HL Alarm ON

315 [E] 315

<_
fen]
(&

PM

-
HL

315
G )
& 8

<Alarm ON/OFF>
In the normal state, pressing [E] toggles ON/OFF of the alarm. When the alarm is ON, the alarm
mark appears.

<Alarm correction>

In the normal state, pressing [§] selects the alarm correction state and the alarm is automatically
set to ON. During correction, hour/minute flashes at 2Hz.

In the correction state, pressing [A] advances the hour by 1 and pressing [B] advances the minute
by 1. Continuously pressing [A] or [B] selects the 8Hz fast-forward correction state.

In the correction state, pressing [S] restores the normal state.

<Alarm output>

When the alarm time and the clock time coincide, the buzzer sounds for 30 seconds. The alarm
output can be stopped by pressing any of the switches.
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The figure below shows the alarm output waveforms.

o 62.5msec

62.5msec
77
Ly

BD

7 : 1 !
/ . 1sec
/ o
2KHz, <
DUTY50% ‘ 30sec
Alarm output waveforms
Timer Mode

In timer mode, the setting of the countdown timer and start/stop of the countdown timer are
performed. The following figure is the transition diagram of timer mode.

™ :
Timer stop state e Timer start state
g 5 | 150
(o [E] 54

e
=

<Timer setting>

Pressing [§]while the timer is in stop or start state selects the timer setting state.

In the timer setting state, pressing [A] advances the hour by 1. When pressing [B , the minute is
advanced by 1. Continuously pressing either{A] or B] selects the 8Hz fast-forward setting state.
The timer can be set up to a maximum of 23 hours 59 minutes.

Pressing [A] and simultaneously sets the timer to 0 hours, 0 minutes.

Pressing [§] in the timer setting state selects the timer stop state. Pressing [E] starts the timer

again.
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<Timer start/stop>

In timer mode, pressing [E] toggles the timer start/stop.

<Timer output>

When the remaining time is 10 seconds, 5 seconds, or @ seconds in all modes, the buzzer sounds.
The figure below shows the timer output waveforms.

125msec | 125msec | | 5sec
- L 1« I
7 ') | ) 5
. A seconds 5 seconds 0 seconds
2kHz, remaining remaining remaining
DUTY50%

Timer output waveforms
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Second-Time Mode

In second-time mode, the clocking/correction and temperature measuring/display of the
second time are performed.
The following figure is the transition of the second time mode.

(A (8]
[A]
""""" 0/ A Y A IR
2ND PM 2ND P 2ND PM 2ND
CBAe ||  2BOe| | 0471 || 2241
o4 | ¥ 21| W] | Wk
! Normal state ‘ Normai state
(st IS N el
Correction state P : Correction state
2ND PM 2ND P 2ND PM 2ND
S P B | ¢ | LI0HL| | 224
S RIRNE =R N B L [E [
G——= D G < G — <)
(A] B (Al (B] [A] B
""""""""""" EWPOdspRy  Tewedsoy

<12/24 hour display switching>
Pressing [E] in any state toggles the 12/24 hour.

<Time correction>

In the normal state, pressing [§] selects the time correction state. In this state, the hour/minute
display flashes at 2Hz. Seconds are also displayed.

In the correction state, pressing [4] advances the hour by 1. Pressing [B] advances the minute
by 1. Although seconds are displayed they cannot be set.

Continuously pressing [A] or [B] selects the 8Hz fast-forward correction state.

In the correction state, pressing [§° restores the normal state.

<Temperature display switching>

In the normal state, pressing [A] selects TEMPO and [B] selects TEMP1.

TEMPO is diaplayed in the upper part of the LCD and TEMP1 is displayed in the lower part
of the LCD.
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Temperature Mode

In the temperature mode, simultaneous display of TEMPO and TEMP1, maximum/minimum
temperature display, and setting of temperature alarm are performed. .

: ' TEMP
: | TEMP TTEMP : !
2 I N : : MAX 45
—>i chBe | chHe | ¢ (Al 115
. : E
; NTe| © N | |
: 5 Maximum
"""""""""""""""""""""""""" temperature display
Normal state l Normal state
(Temperature alarm QFF) 5] (Temperature alarm ON)
__________________________________________________ TEMP
| [Tewp TEMP § - 30
: H 7 H OEE | 4 e
: UL Il e—> T | 1 | Temperature alarm
; [E] 5 setting state_ Minimum
C/ <D ¢ L(TEMPO, H side) temperature display
w o B i
|18
| [TEMP TEMP :
L o-Y0e | L OFF | [Temperature aiarm
: (] | setting state
EC/ | | (TEMPO, L side)
|
B
: [TEMP TEMP
- ! [Temperature alarm
: TER ; MEE i | 1 |setting state
EO H :--E'Qto £, H OFF] ! | (TEMP1, H side)
LY B
IS
TEMP TEMP :
-— f Temperature alarm
! i [ 8 © | setting state
< | L izclre €| L OFE ! | (TEMP1, L side)
§] C/ S, ;
; s 5

195



MSM64164C-011/012 OKI Semiconductor

<TEMP 0/1 simultaneous display>
In normal state, TEMPO is displayed at the top of the LCD and TEMP1 is displayed at the bottom.
In this mode, pressing [E] toggles enable or disable for the temperature alarm.

<Maximum/minimum temperature display>

Innormalstate, the maximum temperatureis displayed while [A] is being pressed. The maximum
temperature of TEMPO is displayed at the top and the maximum temperature of TEMP1 is
displayed at the bottom.

In normal mode, the minimum temperature is displayed while [B]is being pressed. The
minimum temperature of TEMP0 is displayed in the upper part and the minimum temperature
of TEMP1 is displayed in the lower part.

When ;7] and [B] are pressed simultaneously, both the maximum and minimum temperatures
are initialized. The current temperatures become the maximum and minimum temperatures.

<Temperature alarm setting>

In normal state, temperature alarm setting state is selected by pressing [§] . Each time [g] is
pressed, the setting item is changed.

The temperate alarm has two types of setting items: H side setting and L side setting. Each item
can select TEMP0 and TEMP1; thus, the total of four temperature alarm items are available.
By pressing [E] in setting state, each setting item can be switched between enable and disable.
In the enable mode, each time [A] is pressed, the temperature is increased by + 1°C (°F), and each
time [B] is pressed, the temperature is decreased by 1°C (°F). If [A” or [B’ is held down, 8Hz fast
forwarding mode is selected.

In the disable mode, "OFF" is displayed instead of temperatures.

Below are the selectable temperature ranges:

Type 1 thermistor: —40°C to +70°C (-40°F to +160°F)

Type 2 thermistor: +60°C to +200°C (+170°F to +400°F)

Note

The temperature alarms can be in °C or in °F. To display temperatures in °C, select the
temperature alarm to °C. Select the temperature alarm to °F if temperatures are to be displayed
in °F,

Therefore, when changing °C/°F in temperature display, it is necessary to set the temperature
alarm again.

<Temperature alarm output>

In H side setting, temperature alarm and buzzer sound when temperatures higher than the pre-
set temperature are measured.

In L side setting, temperature alarm and buzzer are output from the port when temperatures
lower than pre-set temperature are measured.

Temperature alarm output can be performed from any mode.

The buzzer rings for 1 second when the measured temperature exceeds the H side setting
temperature or falls below the L side setting temperature. The buzzer frequency is 2 kHz with
duty of 50%.

TOUT1 outputs L when the measured TEMPO is higher than the H side TEMPO setting
temperature.

TOUT2outputs L when the measured TEMPOis lower than the L. side TEMPO setting temperature.
TOUT3 outputs L when the measured TEMP1 is higher than the H side TEMP1 setting
temperature.

TOUT4 outputs L when the measured TEMP1 is lower than the L side TEMP1 setting temperature.
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The figure below shows the output timing of the temperature alarm for TEMPO. A similar figure
is also available for TEMP1.

Measured
temperatrue
(TEMPO)
H side setting
temperature
L side setting
temperature

- iJsec 3 i 1sec :
Buzzer output .

T BN
TOUTt
Td , Td

TOUT2

Temperature Alarm Timing (for TEMPQ)
The alarm output delay time, Td, varies depending on the temperature measuring period.

When the temperature measuring period is 1 minute, Td has a maximum of 1 minute. Td has a
maximum of 2 seconds when the temperature measuring period is 2 seconds.
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Test Mode

After reset, when TEST1is "H", the MSM64164C-011/012 goes into the test mode. There are two
test modes, an oscillation test and Idd test. When TEST2 is "H" during reset, the IC enters the
oscillation test mode. When TEST2 is "L" during reset, the device enters Idd test mode.

<Oscillation test>

The oscillation test is used to measure the oscillating frequency against the thermistor resistor of
the thermal measuring circuit for the M5SM641164C-011/012.

The oscillation test indicates the oscillating count N for the thermistor (or the reference resistor)
during the reference time TB.

The reference oscillation count (decimal) is displayed on the upper part of the LCD and the
oscillation count (hexadecimal) is displayed at the lower part.

The oscillating time TB is attained by the following formula:

Oscillation time (seconds) = Reference oscillation count divided by 32768
For example, when the reference oscillating count is 3000, the oscillating time becomes 91.5msec.

When [g is pressed in the oscillation test, the thermistor to be oscillated is switched. When MAX
isindicated, the oscillation is made by RTO and C50 and when MIN is indicated, itismade by RT1
and CS1. (See figures below.)

In addition, when [§] and [E] are pressed simultaneously the TEMP flag appears. At this time,
the oscillation is performed by RS0 and CS0 (or RS1 and CS1). (See figures below.)

Press [A] or [B] to change the reference oscillating count.

When [A] is pressed, the reference oscillating count are reduced by 10 and when [B] is pressed,
they are added by 10.
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<Idd test>
In Idd testing, each time [A], {B] , [§] , [M] or [E] is pressed, the internal state is changed in the
following order. If one of the switches is pressed in a state of e), M6M64164C-011/012 is reset
internally.

State Operating Clock LCD Display State Program Duty
a) 32kHz Entire LCD ON 1% or less

b) 32kHz Entire LCD OFF 1% or less

9] 32kHz Entire LCD OFF Approx. 1%

d) 32kHz Entire LCD OFF 100%

e) 400kHz Entire LCD OFF 100%

For the Idd test, connect the resistor for 400kHz oscillation.
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FUNCTIONAL DESCRIPTION

Temperature Measuring Function

* Setting of temperature measuring function

The M5M64164C-011/012 has two-channel temperature measuring circuits.

Temperatures measured by RT0, RS0, CS0 and INO are called "TEMP(".
Temperatures measured by RT1, RS1, CS1 and IN1 are called "TEMP1".

The MS5M64164C-011/012 can select the temperature measuring range.
There are two types of temperature ranges: Type 1 and Type 2. The following are their
measurement ranges:

Type 1: -40.0°C to +70.0°C (40.0°F to +160°F)
Type 2: 60°C to 200°C (140°F to 400°F)

The temperature measuring range is determined by the state of the T_SET0 and T_SET1 pins at
the reset.

T_SETO sets the temperature range of TEMPO and T_SET1 sets the temperature range of TEMP1.

T_SETx = L level : Type 1 is selected for the temperature range.
T_SETx = Hlevel : Type 2 is selected for the temperature range (x=0or 1).

Temperatures can be displayed by either °C or °F. The °C/°F switch can toggle the display mode.
However, when the °C/°F switch is activated in correction mode, the display is not switched.
When the correction mode s finished, the display is switched in obedience to °C/ °F switch state.

°C/°F = Llevel : °C display
°C/°F = Hlevel : °F display

For the temperature measurement cycle, either 1 minute or 2 seconds can be selected using the
SMP switch.

SMP = L level : 2-second cycle
SMP = H level : 1-minute cycle

However, temperature measuring is suspended when buzzer output, serial communication, or
switch input takes place.
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* Recommended values for temperature measuring circuit

Recommended values of resistors, capacitors, and thermistors thatare connected to the oscillation
circuit of the MSM64164C-011/012 for measuring temperatures follow.

Type 1: Rgy = Ry = 10kQ + 5%
Cgx = 820pF + 10%
Type 2: Rox = Ry = 10kQ + 5%
Cgx =2200pF +10%  (x=0or1)

Recommended thermistor characteristics of MSM64164C-011/012

Temperature Measuring Range: Type 1 Temperature Measuring Range: Type 2
_Temperature(°C) | Thermistor Resistance Value(kg2) Temperature(°C) | Thermistor Resistance Value(k<Q)
-40 188.4 60 201.2
-30 111.3 70 133.6
-20 67.74 80 90.53
10 42.45 90 | 62.49
0 27.28 100 43.90
10 17.96 110 31.34
20 _ 12.09 120 22.69
30 8.313 130 16.65
40 5.828 140 12.39
50 4.161 150 9.330
60 3.021 160 7.107
70 2229 170 5.427
— | 180 4.255
e i 190 3.339
T 200 2.644
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* Serial communication functions

Whenan "H"levelisasserted on the SIN pin, the device transmits the measured temperature onto
a serial port. The figure below shows a timing chart for a serial transfer.

During a serial data transmission of the temperature for both TEMPO and TEMP1, the LSB of the
temperature (0.1°C) is transmitted first, and the MSB (100°C) is transmitted last.

Data is output by synchronizing with an external clock supplied to SCLK. If the data transfer is
not finished within 2 to 3 seconds after SPR changes to a "L" level, the communication is
terminated.

,> < Less than 9.5msec
siN ——— iLessthan Smsec |  _
: ey e > < > < .

e N o B R s
S 111 1

sout D D R €D D T NS

TEMPO temperature data TEMP1 temperature data

Serial communication timing
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Detailed Description of Functions

Mode transition diagram

Time/ temperatrue mode Alarm mode

PM
i

chdt| ® AL
[, 3 15

™ M

Temperature mode Timer mode

TEMP ™

"""" JEBE J: |5
124t i

] ]

Second-time mode

2ND PM

- s i g p—
Y

Mode transition diagram for MSM64164C-011/012 (MD = OPEN)
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The figure below shows the mode transition for the M5SM64164C-011/012 when MD is at "H"
level. The temperature mode is the only mode available.

Temperature mode

S bh.HE
124

Mode transition diagram for MSM64164C-011/012 (MD = "H" level)

TEMP
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