m p C WF5095A

32kHz output DTCXO IC

OVERVIEW
The WF5095A is 32.768kHz output crystal oscillator module IC that has EEPROM and a digital temperature compensation function by
temperature sensor. The WF5095A can be selected the temperature compensation range by a user and it is ideal for high frequency
accuracy, low current consumption, DTCXO modules.

FEATURES
= Oscillation and output frequency: 32.768kHz
= Wide range of operating supply voltage: 1.3 to 5.5V (Oscillation output)
:2.0to 5.5V (Temperature compensation)
= Operating temperature of oscillation operation: 40 to +105°C
= Temperature compensation operating range: select either 40 to +85°C or 40 to +105°C
= High frequency accuracy: -40 to +85°C selection — +3.0ppm (-10 to +60°C)
+5.0ppm (<40 to +85°C)
: 40 to +105°C selection — £3.0ppm (0 to +50°C)

+5.0ppm (-30 to +70°C)

+7.0ppm (<40 to +105°C)
= Low current consumption: 1pA typ. (Vpp=3.3V, no load, temperature compensation interval 2sec)
= CMOS input / output
= +0.4mA output drive capability (Vpp=2.0V)
= 15pF output load capacitance
= Output disable function

ORDERING INFORMATION
Device Package
WEF5095A4-71 Wafer form
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WF5095A

PAD LAYOUT
(Unit; pm)
VSS XTN INHN  (590,480)
[¢]
(0,0)
%
(-590,-480)  Q XT VDD

Chip size: 1.18mm X 0.96mm
Wafer thickness: 130pum
PAD size: 70pum

Chip base: Vgg level

PIN DESCRIPTION and PAD COORDINATES

No. PIN /0™ Description PAD coordinate [um]
X Y

1 Q 1(6) 32768KHz output pin 4106 379.0
(SDA) SDA(Data input/output) pin in serial interface mode

2 XT I Crystal input connection pin 1153 -379.0

3 VDD - (+) supply voltage 3954 -379.0
INHN Input pin controlled output state(Hi-Z output at LOW, 32.768kHz output at High,

4 (SCL) I OPEN connection prohibit) 383.7 379.0

SCL(Clock input) pin in serial interface mode
5 XTN o Crystal output connection pin 70.6 379.0
6 VSS - (-) ground -3954 379.0

*1.1/O: Input/Output pin ~ I:Inputpin  O: Output pin

BLOCK DIAGRAM

vDD [

— P

INHN
*
SCL/VEP CL[10:0] SDA

Serial interface
EEPROM temperature compensation

VSS
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WF5095A

SPECIFICATIONS
Absolute Maximum Ratings
Vss=0V
Parameter Symbol Conditions Rating Unit

Supply voltage range”! Vpp Between VDD and VSS -03t0+6.5 v
Program supply voltage range " Vip Between INHN and VSS -0.3t0+22.0 \%
Input voltage range VN Input pins (XT, INHN"™) -0.3to Vppt0.3 A"
Output voltage range™"™ Vour | Outputpins (XTN, Q) 0.3 t0 Vppt0.3 \%
Output current * Tour Qpin +10 mA
Junction temperature T - +150 °C
Storage temperature range Tstg Exclude EEPROM data retention -55t0+150 °C
EEPROM rewrite cycles NEw - 100 times

*1. This parameter rating is the values that must never exceed even for a moment. This product may suffer breakdown if this parameter rating is exceeded.
Operation and characteristics are guaranteed only when the product is operated at recommended operating conditions.

*2. Vpp is a Vpp value of recommended operating conditions.

*3. When stored in nitrogen or vacuum atmosphere applied to IC itself only (excluding packaging materials).

*4, The value is in normal operation except program read/write operation.

Recommended Operating Conditions

Vss=0V
. Rating )
Parameter Symbol Conditions Unit
MIN TYP MAX
. . Oscillation output 1.3 55
Operating supply voltage Vpp 5 A%
Temperature compensation operation 20 55
Input voltage Vi Input pins (XT, INHN"®) Vs Voo \Y%
Oscillation operation -40 +105
Operating temperature T, Temperature compensation operation 40 +85 °C
Selectable by EEPROM write 40 +105
INHN pin
EEPROM write mode, Vpp=2.7 to 5.5V
Vepw . . . 19.0 20.0
Write the adjusted data to EEPROM in T,=20 to
Pro v volta 105°C. v
supply voltage
gram supply voltag INHN pin
EEPROM read mode, temperature compensation
Vepr . . Vpptl.7 20.0
control registers write/read mode,
VDDZZ»O to 5.5V
EEPROM data retention - T,=40t0+105°C 10 years
Output load capacitance Ciour | Qpin 15 pF

*1. Mount a ceramic chip capacitor that is larger than 0.1pF proximal to IC between VDD and VSS in order to obtain stable operation of WF5095A. In
addition, the wiring pattern between IC and capacitor should be as wide as possible.

*2. When Vppbecome less than 2V (Max), the internal detection circuit works and prohibits temperature compensation operation by intermittent operation.
‘When Vppreturn more than 2V (Max), the internal detection circuit enables temperature compensation operation by intermittent operation.

*3. The value is in normal operation except program read/write operation.

*4, In the case of use of temperature compensating ranges other than this, please ask our Sales section.

Note. Since it may influence the reliability if it is used out of range of recommended operating conditions, this product should be used within this range.
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WF5095A

Electrical Characteristics
DC Characteristics
Vpp=1.3 t0 5.5V, Vss=0V, T;=40 to +105°C, Cour=15pF unless otherwise noted.

- Rating .
Parameter Symbol Conditions Unit
MIN TYP MAX
Inpi Measurement circuit 1, T,=40t0+85°C 1.0 2.0
IDD12 CLOUT:OPE H\Hb]]\I:\/DD::;»B\] Ta:'4’0 to +1050C 30
Current consumption in Ippiz Measurement circuit 1, T,=40t0+85°C 1.5 30
normal finction™ Iopie | Crour=OpF, INHN=Vp;=5.0V | T,=40t0+105°C 40 A
(Select 2sec for temperature Ippis | Measurement circuit 2, T=40t0+85°C 27 3.7
compensation interval) Inpis Crour=15pE, INHN=Vp;=3.3V | T,=401t0+105°C 47
Ippi7 Measurement circuit 2, T,=40t0+85°C 40 55
IDD]S CLOUT= 1 SpF, IN I‘H\I:VDDzs.OV Ta;40 to+105°C 6.5
Ippat Measurement circuit 1, T,=40t0+85°C 1.2 2.5
I Crour=0pF, INHN=Vpp=3.3V | T=40to-+105°C 32
Current consumption in Ipp2s Measurement circuit 1, T,=40t0+85°C 1.7 32
normal function™ Ippos Crour=0pF, INHN=Vpp=5.0V | T,=40t0+105°C 42 WA
(Select 0.5sec for temperature Ipbpos Measurement circuit 2, T, =40t0+85°C 29 42
compensation interval) Ipoos Crour=15pF, INHN=Vpp=3.3V | T,=40t0+105°C 49
Iopoy Measurement circuit 2, T,=40to +85°C 42 5.7
Iopos Crour=15pF, INHN=Vp=5.0V | T,=40to-+105°C 6.7
Measurement cireuit 1, boot
. Tsoori L5 25
Current consumption in boot INHN=Vpp=3.3V, Cpoyr=0pF, T,=40 to +85°C A
function Measurement circuit 1, boot ™,
Iroor 35
INI‘H\I:VDD:3.3\], CLOUT:OPF, Ta:‘40 to+105°C
Measurement circuit 1, INHN=Vsg, Vpp=3.3V,
.. Ipist 0.65 1.5
Current consumption in T,=40t0+85°C uA
disable function | Measurement circuit 1, INHN=Vgs, Vpp=3.3V, 91
P2 T=4010+105°C ’
Measurement circuit 3, INHN pin™
Vi = 0.8Vpp
. . Measurement circuit 3, Q pin ~, Vpp=2.0V to 5.5V
High-level input voltage — 3 v
Measurement circuit 3, INHN pin °, Vpp=2.0t0 5.5V
Vi ] Vpptl.7
Serial clock “H” level
Measurement circuit 3, INHN pin™
Vit — — 0.2Vpp A%
. Measurement circuit 3, Q pin ~, Vpp=2.0t0 5.5V
Low-level input voltage — —
Measurement circuit 3, INHN pin °, Vpp=2.0 to 5.5V
Vi ) Vib A4
Serial clock “L” level
Vour | Measurement circuit 4, Q pin”2, Ioy=0.4mA, Vpy=2.0V | Vppy-04
High-level output voltage Vo Measurement circuit 4, Q pin*z, Ioi=0.1mA, Vpp=1.3V | Vpp-04 v
Vo | Measurement circuit 5, Q pin”>, Ioy=0.1mA, Vpy=2.0V | Vpp-04
Vou | Measurement circuit 4, Q pin 2, Io;=04mA, Vpp=2.0V 04
Low-level output voltage Vor2 Measurement circuit 4, Q pin*z, Ioi=0.1mA, Vpy=1.3V 04 A"
Vois Measurement circuit 5, Q pin*3 , lor=0.1mA, Vpp=2.0V 04

*1. Boot function operates from oscillation start to 0.5s (tspa+0.5s) after applying power supply.

*2. It is the value in normal operation except temperature compensation control registers and EEPROM access.
*3, It is the value in access to temperature compensation control registers and EEPROM.

*4, The contents of current consumption in normal function as shown below.
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WF5095A

Current TYP:IDD,, _ = 0.94uA+65uA x 2.1ms/2s
A Temperature compensation enable time:2.1ms IDD,, .= 0.94uA+65uA x 2.1ms/0.5s
+“—>
A
TYP:65uA
4 IDD

: TYP:0.94uA | 128
. v v . >

! Intermittent cycle (select 0.5sec or 2sec) I Time
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WF5095A

Oscillation Characteristics

WEF5095A oscillation characteristics is in the below crystal parameters.

Parameter Symbol Rating
Frequency f0 32.768kHz
Frequency permission deviation Af +10ppm (25°C)
Peak temperature Ti 25°C+5°C
Parabolic coefficient B -0.04ppmy°C ’min
Load capacitance CL 7.5pF to 9.0pF
Serial resistance R1 70kQ max
Serial capacitance Cl 6.2(F
Parallel capacitance C0 1.3pF

Vpp=1.3 t0 5.5V, Vss=0V, T;=40 to +105°C, Coyr=15pF unless otherwise noted.

N Rating .
Parameter Symbol Conditions Unit
MIN TYP MAX
Oscillation frequency fo T=125°C, Vpp=131t0 5.5V 32.768 kHz
o Measurement circuit 2
Oscillation start up voltage Vs ) 13 A%
Vpp rises gradually.
o Measurement circuit 2
Oscillation stop voltage Vso 1.3 A%
Vpp descends gradually.
Oscillation accuracy*1 T,=101t0+60°C, Vpp=3.3V +3.0
m
Select 40 to +85°C T,=40t0 +85°C, Vppy=3.3V 50 P
o . Af/fo T,=0t0 +50°C, Vpp=3.3V +3.0
Oscillation accuracy
T,=301t0+70°C, Vpp=3.3V 150 ppm
Select -40 to +105°C
T,=40t0+105°C, Vpp=3.3V +70
o , T,=+25°C, Vpp=13V 05
Oscillation start up time tsTA S
T,=-4010+105°C, Vpp=1.3 t0 5.5V 30
. tase characterist AV T=+25°C, Vpp=2.0t0 5.5V 10
requency-voltage characteristic . ! pp/V
cueneyvolag CL setting *=200h to 7FFh

*1. Oscillation accuracy is the theoretical value.
*2. CL setting is built-in capacitance value for crystal oscillation (Cp).

Timing chart at power supply
tVDD
—b —
wo |
v, =13V
INHN — «

Qﬂuuug | L

tp, < 10ms/V

\_

P
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WF5095A

AC Characteristics 1 (Q pin output characteristics)

Vop=2.0t0 5.5V, Vgs=0V, T,=40 to +105°C unless otherwise noted.

- Rating )
Parameter Symbol Conditions Unit
MIN TYP MAX
Measurement circuit 2, C; oy=15pF,
Dutyl wour—-P 40 50 60 %
0.5Vpp threshold, T,=40 to +85°C
Output duty cycle e X
Measurement circuit 2, =15pF,
Duty?2 wour—-P 35 50 65 %
0.5Vpp threshold, T,=40 to +105°C
Measurement circuit 2, C oyr=15pF, 5
o 20%—80%, Vpp=2.0V
Output rise time t — ns
Measurement circuit 2, C; oy=15pF, 200
20%—80%, Vpp=1.3V
Measurement circuit 2, Cour=15pF, %
) 80%—20%, Vpp=2.0V
Output fall time te — ns
Measurement circuit 2, C; oy=15pF, 200
80%—20%, Vpp=1.3V
Timing chart

DUTY measurement
voltage 0.5Vpp
DUTY=Ty/T X100%
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AC Characteristics 2

(2-wire type serial interface: When accessing to the temperature compensation control register or EEPROM)

Vpp=2.0t0 5.5V, Vss=0V, Vipw=19.0 to 20.0V, Vipr=Vpp+1.7V to 20.0V, T,=40 to +105°C unless otherwise noted.

Parameter Symbol Conditions Rating Unit
MIN TYP MAX
SCL clock frequency fscL After start condition 500 kHz
Start condition setup time tSUSTA - 03 us
Start condition hold time tHDSTA - 03 us
Data setup time tsU:DAT - 03 us
Data hold time tHD:DAT - 03 Us
Stop condition setup time tsusto - 03 us
tipstow | EEPROM write mode 40 ms
Stop condition hold fime tinstoap | Execute AD conversion 8.1 ms
N EEPROM read mode, 02 s
Access the registers
SCL“L” period tLow - 1 us
SCL “H” period tricH - 1 us
SCL rise time ts 20%—80% 02 us
SCL fall time ts 80%—20% 02 s
Read data delay time tRp Crour=15pF 0.5 us
START STOP START
condition condition condition
VerwVerr
SCL \
SN e | TV
Th-1-i--fe--i- 1 -t-4- Vpp
SDA \ SDAO \
R A P o i Vss
-Data fsu:sTA THDSTA  tgypat typDAT T .
Read RS I, “ Vp
SDA [ N
B et -+ Ves
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WF5095A

FUNCTIONAL DESCRIPTION

INHN Function
Q outputs 32.768kHz when INHN goes “H” level. Q outputs Hi-Z and the oscillator circuit works when INHN goes “L” level. Please

input the voltage of Vi or Vi to INHN certainly.

INHN Q Oscillator Remarks
“H” level 32.768kHz Operating -
“L” level Hi-Z Operating -

OPEN - - Prohibit

Temperature Compensation Function
Built-in capacitance for crystal oscillation is the capacitance array. This is controlled by CL registers to adjust frequency. The data of
EEPROM which makes the detection temperature of an internal thermometer an address is periodically stored in CL register. The
adjustment data which becomes frequency constant to temperature is written in EEPROM. These data will change the value of built-in
oscillator capacitance to adjust frequency. The temperature compensation interval is selected from 2sec or 0.5sec. This function doesn’t

depend on INHN=L or H.

Power Activation
It is the power-on clear circuit built-in. This circuit sets 200/H to CL registers at power activation. After starting oscillation, the first

temperature compensation function will be worked at 0.5sec. After that, CL registers are set the data from EEPROM by selected
temperature compensation interval. The boot function works to 0.5sec after starting oscillation from power activation.
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TEMPERATURE COMPENSATION REGISTERS AND EEPROM TABLE

Address Data

A[7:0] D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
00h - DADI1 DADO AD7 AD6 ADS AD4 AD3 AD2 ADI1 ADO
0lh STA TCL WMI1 WMO TOSC - - TS3 TS2 TS1 TS0
02h - - TSC CRCI1 CRCO CRS CR4 CR3 CR2 CR1 CRO
03h CL10 CL9 CL8 CL7 CL6 CL5 CL4 CL3 CL2 CL1 CLO
08h - - T8 T7 T6 T5 T4 T3 T2 Tl TO
10h C10 C9 C8 C7 C6 C5 C4 C3 C2 Cl CO
18h
20h
28h

. Temerature compensation data (Address10h to F8h [C10 to COJ )

FOh
F8h

* The double line indicates EEPROM field.

Internal Registers

AD register
Address Function bit10f bit9 | bit8 | bit7 | bit6 | bit5| bit4 | bit3 | bit2 ] bitl [ bit0
00h A/D converter - |DADI[DADOf AD7| AD6| AD5| AD4| AD3| AD2| AD1| ADO
o AD[7:0] bits

These are an A/D conversion result output bits of a temperature sensor. These are read only.
Maximum temperature setup is [0001 0000]. Minimum temperature setup is [1111 1111].

e DAD[1:0] bits
These are 2 LSB bits less than A/D conversion result, AD[7:0]. The data of AD and DAD is concatenated. Then, it becomes a 10-bit A/D
conversion.

TS register
Address Function bit10} bit9 | bit8 | bit7 | bit6 | bit5 | bit4| bit3 ] bit2 | bitl | bit0
01h for test STA| TCL [WMI1|WMO[TOS( - - | TS3| TS2| TS1| TSO

® TS[3:0] bits

These are the bits for test of our company. Please always write 0 when you write the data to these bits.
But, when you measure CR oscillation frequency to adjust analog circuit, please write 4h to TS[3:0].
Then, Q outputs CR oscillation signal. Please measure it and determine the adjustment data of CR oscillation frequency.

e TOSC bit, WMI1:0] bit, TCL bit

These are the bits for test of our company. Please always write 0 when you write the data to these bits.

e STAbit
This register is for AD conversion start up.
AD conversion starts when 1 is written in this bit, and then it will be finished after 8.1msec.
Normal intermittent operation is stopped by starting serial communication. And, AD conversion starts to use the data from serial

communication. Please don’t write and read from serial interface while AD conversion operates. Please access it after 8.1msec for next
operation.
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CRregister
Address Function bit10] bit9 [ bit8] bit7 | bit6 [ bit5 ] bit4 | bit3 | bit2 | bitl | bit0
02h analog circuit compensation data | - - | TSC|CRCICRC( CR5| CR4| CR3| CR2| CR1| CRO
o TSCbit

This is the register of the temperature compensation interval setup.
T8 data of EEPROM is written in here during a normal function. The temperature compensation interval is 0.5sec when 0 is written in
here, and it is 2sec when 1 is written in here.

o CR[5:0] bits, CRC[1:0] bits
These bits adjust CR oscillation frequency of temperature sensor. Please set the data to CRC/CR bits in the using temperature
compensation ranges. The compensation data is the following table.

Field Description Initial value

CR oscillation frequency adjustment register
Written the trimming data T[5:0] in normal operation.

* Adjust CR oscillation frequency to near the below frequency by changing CR[5:0] at T,=25°C. And
then, write the adjustment CR data to T[5:0] in EEPROM.
+ Temperature compensation range 40 to +85°C  : S9kHz@25°C
* Temperature compensation range 40 to +105°C  :53.6kHz@25°C

CR[5:0] CR5 CR4 CR3 CR2 CR1 CRO CR oscillation frequency 000000
(T[5:0]) 0 0 0 0 0 0 No adjustment

0 0 0 0 0 1 +8.4%

0 0 0 0 1 0 +16.8%

CR oscillation frequency adjustment step 8.4% 6bits

1 1 1 1 0 1 +512.4%
1 1 1 1 1 0 +520.8%
1 1 1 1 1 1 +529.2%

Initial setting data for counter of AD conversion
Written the trimming data T[7:6] in normal operation.

CR(C[1:0] . .
(176D * Please write the below data to T[7:6] in EEPROM 00
’ + Temperature compensation range 40to +85°C  : 11
* Temperature compensation range 40 to +105°C  :00
CL register
Address Function bit10f bit9 | bit8 | bit7 | bit6 [ bit5 | bit4 | bit3 | bit2 | bitl | bit0
03h set C; load capacitance CL10] CL9| CL8| CL7| CL6| CL5| CL4| CL3| CL2| CL1| CLO
o CL bits

This register is for setting the C; load capacitance of crystal oscillator when you acquire the adjustment data of temperature compensation.
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EEPROM data
Address Function bit10] bit9 | bit8 [ bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl | bit0
08h analog circuit compensation data | - - | T8 | T7|T6 | T5 | T4 | T3 | T2 | T1 | TO
10h CIOf CO1C8|CT|Co|C5[C4]C3[C2]Cl]|CO
18h Clo| COl C8[CT|] CO6|C5]1C4]C3]C2]CI|CO
20h ) Clo| COl C8[CT|] C6|C5]1C4]1C3]C2]CIl|CO
28h set Cy load capacitance clol co e8| cr|cs[cs[calc3]cafci]co
. in oscillator . . . . . . . . . . .
F8h Clo] COl C8[CTJCO|C5]1C4]C3]C2]Cl|CO
o T bits

This is the analog circuit compensation data. Please write the adjustment CRC data and CR data in T[7:0]. T8 is for the temperature
compensation interval setup. The temperature compensation interval is 0.5sec when 0 is written in here, and it is 2sec when 1 is written in

here.

e Chits

This is the set value of C;_ load capacitance of crystal oscillator. Please write the adjustment data for temperature compensation.

* About EEPROM data, please write the data to all address and all bits under predetermined conditions.

And it prohibited the accessing to the addresses except the above address.
Note that the data of 200H is written to each address in shipping this device.
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2-WIRE TYPE SERIAL INTERFACE
While serial interface is not performing data transfer, SCL and SDA are High level. At this time, if SDA changed from High to Low, the
state will be in START condition. After detecting START condition, it is possible to start access and to perform data transmission. And,
when SCL is high level, if SDA changed from Low to High, the state will be in STOP condition. After detecting STOP condition, access is
finished. These conditions are recognized on the way of data transfer too. Please make these conditions at the data transfer start timing and
end timing. About the data transfer format, please refer to the next page.

START conditions STOP conditions

WEF5095A transmits and receives data by the 2-wire type serial interface of SCL (INHN: clock line) and SDA (Q: data line). High level of
SCL is Vi and High level of SDA is Vi Q output is disabled after receiving START condition and the operation code. The load
resistance of Q pin is about 300€2. In accessing, please drive by the buffer whose resistance is lower than this enough. If there is no clock
input of 100ms or more in SCL on the way of communication, the interface is initialized and communication is finished.

START
condition
N Verw Verr
SCL
7 Vg
¢
D N T N, //) N\ |77 VlHl
INPUT
SDA
% Vg

100ms

*:When SCL isn't change from L state to H state for 100ms,
the interface will be initialized automatically
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Data transmission Format of Temperature Compensating Control Register and EEPROM
Data transmission format of temperature compensating control register and EEPROM is the below. Please transmit from LSB data first.

Data Write-in Format
The transmitter transmits 23 bits of WRITE opcode (101), an address and a data after start condition. And then, it transmits STOP condition.
The data of registers are written in synchronizing with the rising edge of 23" SCL clock. EEPROM is written by EEPROM write-in circuit.
EEPROM write-in circuit starts after detecting STOP condition and write-in time takes 40msec. Please keep SCL and SDA of STOP
condition (SCL=Vgpy, SDA=Vy,) for 40msec. And, to finish serial communication, it needs to execute the procedure that is START
condition - STOP condition - set Vi, to SCL - release SDA (Hi-Z). But, continuation writing does not need this procedure.

Write-in the register

Serial finish command
- - Vi Vi
scL Lo ] ; u ‘ v Vepw
ol 2 3| s 5 6 7 8 Lo ol Jial fislJual fis[ el |7l fs_J1o| f20[ Jor [ 22| [os i - Viee
o il ‘ ‘ A0 ‘ Al ‘ A2 ‘ A3 ‘ A4 ‘ A5 ‘ A6 ‘ A7 ‘ ‘ Do ‘ D1 ‘ D2 ‘ 03 ‘ D4 ‘ D5 ‘ D6 ‘ 07 ‘ D8 ‘ D9 ‘ DIO‘ LR | Hi-Z_
START  WRITE (opcode 10 1) §iod START STOP
SDA Q output Hi-Z Q output
ouTPUT———————————
—
Serial interface function Normal function

Write-in the EEPROM
——f0ms ,  Serial finish command
LR AL AL R LR LA LRl Rl ol fal ol fal Tl fal fol fol ful ol ful | s Sy
ISA?:UTLI—\_‘ ‘AD‘AI‘AZ‘AJ‘/M‘AE‘AG‘A?‘ ‘Dﬂ‘m‘DZ‘DS‘D4‘D5‘DS‘D7‘DB‘DS‘DID‘ r“i’z
START  WRITE (opcode 10 1)) STOP TART STOP
SDA Q output Hi-Z Q output
ouTPUT——————————————
Serial interface function Normal function

Data Read-out Format
The transmitter transmits 12 bits of READ opcode (010), an address and 1bit of Low after start condition. And, it releases SDA (Hi-Z) at
the falling edge of 12th SCL clock. The receiver sends out the read data in synchronizing with the falling edge of 12th SCL clock. To finish
serial communication, it needs to execute the same procedure as the above.

Serial finish command

wmmmmmmmmmmmmmmﬂm ad fal Ji \ ' v

oA T ‘ A0 ‘ Al ‘ a2 ‘ A ‘ At ‘ A5 ‘ A6 ‘ A7 ‘ His Hiz [ T L Hi-Z
INPUT v ! J :

START READ(OpcodeOlO) STOP START STOP
SDA Q output / Hi-Z } Do ‘ D1 ‘ D2 ‘ D3 ‘ D4 ‘ D5 ‘ D6 ‘ D7 ‘ D8 ‘ D9 ‘ mo‘ Q output
outPUT————————————————

«—
Serial interface function Normal function
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Temperature Compensation Adjustment Flow Chart
(Temperature compensation range: 40 to +85°C)

START
Apply Vpp
Adjust CR oscillation -Adjust CR oscillation frequency to near 59kHz
frequency at T,=25°C by changing CR[5:0] at T,=25°C. Refer to the next page.
Wiite CR oscillation -Write the adjustment data to T[7:0]
compensation data T[7:6)=11
¢ T[5:0]=CR[5:0}= the adjustment data of 59kHz
Set temperature
. . -Vary the oscillator circuit load capacitance CL, and determine
Acquire capacitance
normalized freq. response the optimum load capacitance CL. Refer to the next page.
Read A/D converter output -Obtain the A/D converter output at the specified temperature.
To write 1 in STA bit start A/D conversion and finish it after 8.1msec.
It is recommended that data be obtained several times and then averaged.

-Calculate all the data for temperature compensation adjustment from the data points

Calculate adjustment data .
¢ acquired above.
] -Write the data of TSC, CRC, CR and the temperature compensation adjustment data
Write to EEPROM
¢ to each address of EEPROM in T,=20 to 105°C.
END
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Adjust CR oscillation frequency
Write 004h to address Olh to confirm CR oscillation frequency. After confirm it, please complete the end procedure of serial

communication. Refer to page 11.

Serial finish command

o LA LS LEL AL LS LR LU L AL Lol el L Rl ol fal ol ol Sl Sl fal T e
NeUT 1/—‘ ’7“ ﬁ 7 Hiz ILFL

Acquire capacitance normalized data
Write CL load capacitance data to address 03h. After recognized STOP condition, Q outputs crystal oscillation frequency with CL load

capacitance data of address 03h. Please determine the optimum load capacitance by changing the data of address 03h.

Serial finish command

LR LA R LRSSl Rl Sl ol Sl fal ful fol Sl fal fl 17 T
we LT L [0 To [ [ [or [ [ [or [or [ [om] 2] f e

START  WRITE (opcode 10 1)

SDA Q output Hi-Z Q output ot
OUTPUT- of the written data to 03h Qoutp
«—
Measurement Normal function
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MEASUREMENT CIRCUITS
MEASUREMENT CIRCUIT 1

Measurement Parameter: Inpii o 14, Ip2i 024, Isoori, 2> Ipisi, 2

h
VDD
X'tw XT
— Q[ == 0.1uF
XN
INHN VSS
A ; B
7j)7 /e
A: IDDl] to 14 IDDZI to 24> IBOOT1.2
B: II_)lSl,Z
MEASUREMENT CIRCUIT 2

Measurement Parameter: IDDISto 185 IDD25t0 285 Dlltyl’z, t[, tf

*AC characteristic monitors Q terminal
with an oscilloscope.

T
VDD
X'talf XT
— Q
L XTN L
INHN _ VSS T O 1uF
CLour=15pF
(Including probe capacitance)
/A
MEASUREMENT CIRCUIT 3
Measurement Parameter: Vi1, Vi, Vi, Vira
*Apply voltage at the input pin
and monitor a change of state. ii
VDD
INHN, Q
Input Pin —— 0.1pF
VSS
7
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MEASUREMENT CIRCUIT 4

Measurement Parameter: Voui, 2, Vo 2

+0.4mA, £0.1mA

MEASUREMENT CIRCUIT 5

Measurement Parameter: Vo, Vor s

SCL—

OH

T
VDD L
INHN T O-InF
Q o (<)
O/
XT C{DVOH
VSS
VOL
7
i _ SDA
VDD [ 0.1pF
INHN T
Q
"
VSS

oL

+0.1lmA
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Please pay your attention to the following points at time of using the products shown in this document.

1. The products shown in this document (hereinafter "Products”) are designed and manufactured to the generally accepted standards of
reliability as expected for use in general electronic and electrical equipment, such as personal equipment, machine tools and
measurement equipment. The Products are not designed and manufactured to be used in any other special equipment requiring
extremely high level of reliability and safety, such as aerospace equipment, nuclear power control equipment, medical equipment,
transportation equipment, disaster prevention equipment, security equipment. The Products are not designed and manufactured to be
used for the apparatus that exerts harmful influence on the human lives due to the defects, failure or malfunction of the Products.

If you wish to use the Products in that apparatus, please contact our sales section in advance.
In the event that the Products are used in such apparatus without our prior approval, we assume no responsibility whatsoever for any
damages resulting from the use of that apparatus.

2. NPC reserves the right to change the specifications of the Products in order to improve the characteristics or reliability thereof.

3. The information described in this document is presented only as a guide for using the Products. No responsibility is assumed by us for any
infringements of patents or other rights of the third parties which may result from its use. No license is granted by implication or otherwise
under any patents or other rights of the third parties. Then, we assume no responsibility whatsoever for any damages resulting from that
infringements.

4. The constant of each circuit shown in this document is described as an example, and it is not guaranteed about its value of the mass
production products.

5. In the case of that the Products in this document falls under the foreign exchange and foreign trade control law or other applicable laws and
regulations, approval of the export to be based on those laws and regulations are necessary. Customers are requested appropriately take
steps to obtain required permissions or approvals from appropriate government agencies.

SEIKO NPC CORPORATION
1-9-9, Hatchobori, Chuo-ku,

Tokyo 104-0032, Japan
Telephone: +81-3-5541-6501
Facsimile: +81-3-5541-6510

http:/Aww.npc.co.jp/
Email:sales@npc.co.jp

ND13020-E-00 2013.06

SEIKO NPC CORPORATION - 19



