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X07101: Crystal Oscillator ICs
With fO Adjustment Function

Function Description

The XO7101 series are crystal oscillator module CMOS ICS with f0 adjustment function. It supports 16MHZ to 100MHZ
fundamental-frequency and +125C operation. The oscillator circuit stage has a voltage regulator drive, which reduces
current consumption and frequency deviation due to fluctuations in the supply voltage. Even with an {0 adjustment

function built in, the miniature chip size enables it to be implemented in a 1612 or 2016 size package

Feature

Operating supply voltage, 1.6V to 3.63V

Recommended oscillation frequency (Fundamental-frequency): 16MHZ to 100MHZ
Output frequency: 0.25MHZ to 100MHZ

Operating temperature: -40 to +125°C

Chip size: X=0.605mm.Y=0.66mn

Output level: CMOS

Embedded memory: Nonvolatile memory (OTP: One Time Programmable)

f0 adjustment function

- Adjustment method: OTP Memory writing

- Oscillator load capacitance (CL): 5pF

- Frequency adjustment range: +30ppm(min)

- Frequency adjustment resolution: 1. Sppm/bit(max)

Frequency division function:

-Setting method: OTP Memory writing

-Selectable divider's ratio:1/2,1/4,1/8,1/16,1/32,1/64

a Phase noise characteristics(typ.)

fosc=40 MHZ, VDD=3.3V: -87dBc/Hz@10HZ, -140 dBc/Hz @1KHZ, -157 dBc/Hz @100KHZ
Output 3-state function

Low standby current(oscillator stopped, power saving pull-up resistor)

Oscillation detection circuit built-in
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X07101: Crystal Oscillator ICs
With fO Adjustment Function

Pad Configuration

X2 X1
gnd
Ii
Q vdd
(0, 0)
Pad Coordinate File
Pad Name X Coordinate Y Coordinate Pad Name X Coordinate Y Coordinate
XT 480.69 535.37 Q(SDA) 63.375 63.36
XTN 63.41 535.37 VDD 480.695 63.36
GND 271.955 299.365 INHN (SCL) 480.695 249.17

Die Size: 605um*660um (Including scribe line , Scribe Line Width 60um)
Die Thickness: 130pum=15um(-3), 100um=15um(-4)

Pad Size: 80um*80um

Pad Definition
Name | 1[0 Function
XT I
Crystal element connection pins
XIN 0 Connect crystal between XT and XTN pins
VDD - Supply voltage
0 oscillator output
Q(SDA) o) fosc, fosc/2, fosc/4, fosc/8, fosc/16, fosc/32, fosc/64 frequency output.
In program mode, SDA pin is the serial interface data input/output
VSS - Ground
Output state control input(Inhibit)pin.
I Oscillator is stopped in standby mode when LOW
INHN (SCL) D Pull-up resistor built-in
In program mode, SCL pin is the serial interface Clock input
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X07101: Crystal Oscillator ICs
With fO Adjustment Function

Absolute Maximum Ratings

Parameter Symbol Conditions Rating Unit | Remarks
Supply voltage range VDD | Voltage between VDD and VSS -0.3 to +4.5 A% *1
Program input voltage VPP Voltage between INHN and 03 t0 +6.75 v %] %5
range VSS
Input voltage range 1 Vini INHN pin -03to VDD+0.3 | V | *1, *2, *5
Input voltage range 2 Vine XT pin -0.3to +2.5 \% *1.%2
Output voltage range 1 Vourl Q pin -03to VDD+0.3 | V | *1, *2, *5
Output voltage range 2 Vour2 XTN pin -0.3to +2.5 \% *1.%2
Output current Iour Q pin +20 mA *3
Junction temperature T; 150 °C *3
Storage temperature range Tste Chip form wafer form -55to+150 °C *4

Note:

1. Absolute maximum ratings are the values that must never be exceeded, even for a moment. This product may suffer
breakdown if anyone of these parameter ratings is exceeded. Operation and characteristics are guaranteed only when
the product is operated at recommended supply voltage range.

degraded.

programming.

VDD is the VDD value of recommended operating conditions.
Do not exceed the absolute maximum ratings. If they are exceeded, device characteristics and reliability will be

When stored alone in nitrogen or vacuum atmosphere.
Refer to “RECOMMENDED OPERATING CONDITIONS(OTP MEMORY PROGRAMMING) “for OTP memory

Recommended Operating Condition
(Vss=0V, Ta=-—40°C~+125°C)

Parameter Symbol Conditions MIN | TYP | MAX | Unit | Remarks
Oscillator frequency fosc VDD=1.6 to 3.63V 16 100 MHz *1
Output frequency four VPP=1.6 to 3.63V 0.25 100 MHz
Operating supply voltage Vop Voltage between Vpp and Vss 1.6 3.63 A% *2
Input voltage | Vit INHN Pin Vss Vb \Y
Input voltage 2 Vo XT pin Vss 2.0 \Y
Operating temperature Ta -40 +125 °C
Output load capacitance CL Q pin 15 pF
OTP Memgry data Ta=-40 to 125° 10 year
retention
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Note:

1. The oscillation frequency is a yardstick value and the oscillation frequency range is not guaranteed. Specifically, the
characteristics can vary greatly due to crystal characteristics and mounting conditions, so the oscillation
characteristics of components must be carefully evaluated.

2. For stable operation of this product, mount a ceramic chip capacitor of 0.01uF or larger between VDD and VSS in
close proximity to IC(within 3mm) .Wiring pattern between IC and capacitor should be as thick as possible.

DC Characteristics

Current consumption (fosc=40MHz)
Vop=1.6 to 3.63V, Vss=0V, Ta=-40 to+125°C unless otherwise noted

Symbol Parameter Conditions MIN | TYP | MAX | Unit
Current consumption INII\{/IISIaiI(J)r;rE;nt crilr;:lil(i)tai1 Vpp=1.8V 1.00 | 1.70
Fundamerital fosc=401\,/[HZ, ’ Vpp =2.5V 1.30 | 2.00 | mA
(DSL. Code=0H) four=40MHz Vip =3.3V 170 | 2.40
Current consumption Iggﬁigg;t Ci;?igi(’l Voo =1.8V 0.75 135
(DDsiLvigZ (_121_121{) fosc=401</[Hz, ’ Vpp =2.5V 095 | 155 | mA
four=20MHz Vpp =3.3V 1.15 | 1.75
Current consumption III\\I/I}?;sEg;IEe;t ci:lc;li:) 211;1 Vbp =1.8V 0.60 | 1.15
Divide -by-4 ’ ’ Vpp =2.5V 0.75 | 1.30 | mA
(DS Code=2H) ffiiijoohﬁlfé’ Vip =3.3V 0.90 | 145
Ipp*1 Current consumption | Measurement circuit 1, Voo =1.8V 0.55 ) 1.05
Divide -by-8 INHN=OPEN, no load, Vpp =2.5V 0.65 | 1.15 | mA
(DSL Code=3H | fosc—40MHz, four=SMHz [ oo 75 | 1as
Current consumption 111:]/[}?;18251?;;1? Ci;?i:);é Voo =1.8V 0.50 1.00
(DDé\Edgogz/_-i [?1 : fosc=401</IHz, ’ Vpp =2.5V 0.60 | 1.10 | mA
four=2.5MHz Vpp =3.3V 0.70 | 1.20
Current consumption I#}?;Tginéilt Cirrlf)uli(iiél Vop =1.8V 045 | 0.90
(]l))éxfcg:ocllaey:-gil : fosc=401</IHz, ’ Vpp =2.5V 0.55 | 1.00 | mA
four=1.25MHz Vpp =3.3V 0.65 | 1.10
Current consumption III\\I/IP?ISESIZ?EGI?I‘[ df}?ig;& Voo =1.8V 0.45 | 0.50
Divide -by_-64 e 01</1H2 ’ Vip =2.5V 0.50 | 0.95 | mA
(DSL Code=oHD four=0.625MHz Voo =33V 0.60 | 1.05

Note:
1. The consumption current Ipp(Crour)with a load capacitance (Crour)connected to the Q pin is given by
following equation, where Ipp is the no-load consumption current and four is the output frequency

IDD(CLOUT)[mA] = IDD[mA] + CLOUT[pF] * VDD[V] * fOUT[MHZ] * 10"3
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X07101: Crystal Oscillator ICs
With fO Adjustment Function

Current consumption
(fOSC=96MHz)

Vop=1.6 t0 3.63V, Vss=0V, Ta=-40 to+125°C unless otherwise noted

Symbol Parameter Conditions MIN | TYP | MAX | Unit
c ¢ . Measurement circuit 1 | Vpp=1.8V 2.00 2.70
urrent consumption _
Fundamental INHN=OPEN, no Vbp =2.5V 2.65 3.35 mA
(DSL Code=0H) load, fosc=96MHz,
four=96MHz Vop =3.3V 3.50 4.20
Measurement circuit | vpp=1.8V 1.30 1.90
Current consumption | 1, INHN=OPEN,
.. =2. 1.70 2.30
Divide -by-2 no load, Voo =25V mA
(DSL Code=1H) fosc=96MHz, Vbp =3.3V 220 | 2.80
four=48MHz
Measurement circuit | vpp=1.8V 1.00 1.55
Current consumption | 1, INHN=OPEN, B
Divide -by-4 o load, Vpp =2.5V 125 | 180 |
(DSL Code=2H) fosc=96MHz, Vop =3.3V 155 | 2.10
four=24MHz
Measurement circuit | vpp=1.8V 0.80 1.30
Current consumption | 1, INHN=OPEN,
.. =2. 1.00 1.50
IDD*1 Divide -by-8 no load, Voo =25V mA
(DSL Code=3H fosc=96MHz, Vbp =3.3V 120 | 1.70
four=12MHz
Measurement circuit | Vpp=1.8V 0.75 1.25
Current consumption | 1, INHN=OPEN,
=2. . 1.4
Divide -by-16 no load, VoD =2.5V 090 0 mA
(DSL Code-4H) fosc=96MHz, Vbp =3.3V 105 | 155
four=6MHz
Measurement circuit | vpp=1.8V 0.70 1.15
Current consumption | 1, INHN=OPEN,
.. =2. 0.80 1.25
Divide -by-32 no load, Voo =25V mA
(DSL Code=5H) fosc=96MHz, Vbp =3.3V 0.95 | 1.40
four=3MHz
Measurement circuit | vy, =1.8V 0.70 1.15
Current consumption | 1, INHN=OPEN,
=2. . 1.2
Divide -by-64 no load, VoD Z2.5V 080 > mA
(DSL Code=6H) fosc=96MHz, Vop =3.3V 090 | 1.35
four=1.5MHz
Note:

1. The consumption current Ipp(Crout)with a load capacitance (CLout)connected to the Q pin is given by

following equation, where Ipp is the no-load consumption current and four is the output frequency
IDD(CLOUT)[mA] = IDD[mA] + CLOUT[pF] * VDD[V] * fOUT[MHZ] * 10'3
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X07101: Crystal Oscillator ICs
With fO Adjustment Function

Other DC characteristics

Vop=1.6 t0 3.63V, Vss=0V, Ta=-40 to+125°C unless otherwise noted

Parameter Symbol Conditions MIN TYP | MAX | Unit
Q pin, Measurement circuit 2, log=-4mA Vpp-0.4 Vb \%
HIGH-level v
output voltage oH
Q pin, Measurement circuit 2, log=-1mA 0.9Vpp Vb \%
Q pin, Measurement circuit 3, Ior=4mA 0 0.4 A"
LOW-level
VoL
output voltage
Q pin, Measurement circuit 3, Ior=1mA 0 0.1Vbp | V
HIGH-level input Vi INHN pin, Measurement circuit 4 0.7Vbp \Y
voltage
LOW-level input Vi INHN pin, Measurement circuit 4 03Vop | V
voltage
. Q=Vop 10
Output leakage Q pin, INHN =Vgs Measurement
Iz . HA
current circuit 5
Q=Vss -10
Standby current Ist Measurement circuit 1, INHN=Vgs 10 LA
Rrui INHN pin, Measurement circuit 4 1 2 3 MQ
pull-up resistance
Rruz INHN pin, Measurement circuit 4 200 250 300 kQ
Osc1llat9r Re Measurement circuit 6 50 100 200 kQ
feedback resistance

RSM-DS-R-0172
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Oscillator Characteristics

Parameter Symbol Conditions MIN | TYP | MAX | Unit
Oscillation start voltage Verr Vb slowly increasing, Measurement 15 v
circuit 7
Frequency adjustment FO Code: 00H(=60H) Center, Ta=25°C
+
range ADE FO Code range=01H to FFH 30 ppm

FO Code: 00H(=60H) Center,Ta=25°C

F just t . "
requency adjustmen Afres Frequency fluctuation by 1 code unit in the 1.5 | ppm

resolution .
Frequency adjustment range
Oscillator minimum load C CL minimum setting, Ta=25°C 395 F
capacitance LMIN FO Code=01H, CLS Code=0H ' P
Oscillator maximum C CL maximum setting, Ta=25°C 0.83 F
load capacitance HMAX FO Code=FFH, CLS Code=3H ’ P
Ta=25°C, VDD applied(rising edge: O-
Oscillator start time tsTA 90%o0fVpD) , Vou and Vo ratings 2 ms

nominal, Measurement circuit 7

Timing Diagrams

tyop : The rise time of the power supply from OV to 0.9V

— 0.9V
Voo
VDD
typp<<b0us/V 0. 9Vyp
Vas = Tara -
Vop
Q
Vas
- | i ]
Low four
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Clock Output Characteristics

Parameter Symbol Conditions MIN | TYP | MAX | Unit
VDD=1.6 to 2.25V 1.8 5.0 ns
Q pin, Measurement
Rise time Tr cireuit 1, VDD=2.25 to 2.97V 12 | 30 | ns
Crour=1 5pF ’
0.1VDD—0.9VDD
VDD=2.97 to 3.63V 0.9 2.5 ns
VDD=1.6 to 2.25V 1.8 5.0 ns
Q pin, Measurement
Fall time Tf circuit 1, VDD=2.25t0 2.97V 1.2 3.0 ns
Crour=1 5pF ’
0.1VDD—0.9VDD
VDD=2.97 to 3.63V 0.9 2.5 ns
Output duty cycle DUTY Q pin, Measurement circuit 1, Ta=25°C, 45 50 55 o

Crout r<15pF

Q pin, Measurement circuit 7, design
Output enable delay time tor value, Ta=25°C, CLOUT<I5pF, 2 ms
INHN=Low—High

Q pin, Measurement circuit 7, design
Output disable delay time top value, Ta=25°C, Cl our<l5pF, 200 | ns
INHN=High—Low

Output switching waveform

/ Tw \ / DUTY measurement
0 Voo - 1V Voltage 0.5V

. 0. 1V
7 g » e DD
A . 0
et sl DUTY=Tw/T*100 (%)
T
- - P
tf tf
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X07101: Crystal Oscillator ICs

With fO Adjustment Function

Output disable and enable time
Vop
INHN

Vo N

Vss

\/{‘;:ak

y VIH

0.1V

o

Hi-Z

Y
A
y
A

When INHN goes HIGH to LOW, the Q output becomes high impedance.

When INHN goes LOW to HIGH, the Q output goes low once and then becomes normal output operation after having detected

oscillation signals.

Recommended operating conditions(OTP memory programming)

fCIUI

Parameter

Symbol Conditions MIN TYP | MAX | Unit
Operating supply voltage Vop!! 3.0 3.63 \Y
OTP memory programming supply voltage Vpp SCL(INHN) pin | 6.25 6.5 6.75 \Y
Operating temperature T. 0 +50 °C

Note

1.For stable operation of this product, mount a ceramic chip capacitor of 0.01u For larger between VDD and VSS

RSM-DS-R-0172
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X07101: Crystal Oscillator ICs
With fO Adjustment Function

Electrical characteristics(OTP memory programming)

DC characteristics (2-wire type serial interface)
Vrep=6.25 t0 6.75V, Vpp=3.0 to 3.63V, Vss=0V, Ta= 0 to+50°C unless otherwise noted

Parameter Symbol Conditions MIN TYP | MAX | Unit
SCL(INHN) pin
HIGH-level input Vinc SCL(INHN) pin Vopt1.7V A%
voltage
SCL(INHN) pin
LOW-level input Vire SCL(INHN) pin 03Vop | V
voltage
SDA(Q) pin HIGH- .
level input voltage Vi SDA(Q) pin 0.7Vop \Y
SDA(Q) pin LOW- .
level input voltage Vi SDA(Q) pin 03Vpp | V
SDA(Q) pin HIGH- _ _ _
level output y oltage Vonp SDA(Q) pin, Ioup=-0.1mA Vpp-0.4V Voo Vv
SDA(Q) pin LOW- . _
level output voltage Vorp SDA(Q) pin,  Torp=0.1mA 0 0.4 A%

10
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AC characteristics (2-wire type serial interface)

Parameter Symbol Conditions MIN | TYP | MAX | Unit
SCL clock frequency fscL After program start condition 25 500 | kHz
tart iti t
Sta cor;d1 ion setup tSUSTA 0.3 s
ime
Start condition hold
. tup:sTA 0.3 us
time
Data setup time tsu:DAT 0.3 us
Data hold time tHD:DAT 0.3 us
Stop COHFilthIl setup tsusTo 0.3 s
time
Stop condition hold tsu:sTow Write the data to OTP memory 0.3 us
time Read the data to OTP memory
tHD:sTOR . 0.2 us
Access the registers
OTP memory write tw 150 | 200 | 250 | us
time
SCL LOW-period tLow us
SCL HIGH-period thicH us
SCL rise time rs 20%—80% 0.2 us
SCL fall time Lis 80%—20% 0.2 us
Read data delay time RD CL our=15pF 0.5 us
START l;fSCL STOP
condition|« condition

Yy Y

N t
41:m ple HIGH

NilTaY 5 WATAY IS

<>l le Vss

-

tss ty Ita- $1Ov

Data Writs

trs >

&% > B V-DI)
o Ty DOWINENE.
> L T0>

L—Y

Vss
<>l g g as T
USU:STA D:STA SU:DAT HD:DAT tsu:s RS
Data Read & Rizc e Vip
SDA ADO AD1 DO D7
Q) B LOW ; 7 -
B = 83
[
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Function Description
INHN function

The INHN pin switches the IC between normal operating/standby mode and serial interface mode, depending on the input
voltage.

When INHN is left open-circuit or tied to HIGH level, the IC is in normal operating mode. When INHN is tied to LOW
level, the IC enters standby mode. The Q output becomes high-impedance and the oscillator circuit stop When the INHN
pin voltage is between Ve and Vpp(4.7V[min] ~ 6.75[max]), the device enters serial interface mode.

INHN pin Q pin Oscillator Mode
High or Open four Operating Normal operating mode
LOW Hi-Z Stopped Standby mode
VIHC < Vpp(SCL) SDA Operating Serial interface mode

Power Saving Pull-up Resistor

The INHN Pin pull-up resistance changes its value to Rpy; or Rpuz in response to the input level(HIGH or LOW)

When INHN is tied to LOW level, the pull-up resistance becomes large (Rpu1), thus reducing the current consumed by the
resistance. When INHN is left open circuit or tied to HIGH level, the pull-up resistance becomes small (Rpy2), and the
internal circuit of INHN becomes HIGH level.

Consequently, the IC is less susceptible to the effects of noise, helping to avoid problems such as the output stopping
suddenly.

Oscillation election Function and Power ON Reset Function

The 7101 series have an oscillation detection circuit.

The oscillation detection circuit disables the output until crystal oscillation becomes stable when oscillation circuit Starts
up. This function avoids the abnormal oscillation during initial power up and when started again using INHN.

When oscillation is detected. the serial interface internal circuits are initialized and the data written to OTP memory is
read out.

12 RSM-DS-R-0172
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OTP Memory Function and Register Function

OTP Memory, Register Map

The 7101 series has a 4-bit address used to access the OTP memory or register
Users can use addresses OH to 5SH and FH. Addresses 6H to EH are used for = device testing. Access in addresses 6H to

EH is prohibited to prevent unstable operation.

During normal operation, f0 adjustment data and internal settings data in OTP memory are loaded after oscillation

detection. You use settings data by writing to the OTP memory.

Backup memory is used when you want to change data written in memory to other data. Data in backup memory side is
enabled by writing"1"to the OTS bit of address 3H(OT4), You can check the f0 adjustment and various settings using the

register before data is written to the OTP memory.

Address Memory Function Symbol R/W Initial value
00H f0 adjustment memory OT1 R/W 00H
01H OTP f0 adjustment memory backup 0T2 R/W 00H
02H Internal setting memory OT3 R/W 00H
03H Internal setting memory backup OT4 R/W 00H
04H ) fO adjustment register FO W Don’t care
05H Register internal setting register DEF R/W 00H

06H-OEH Unusable (for IC testing)

OFH Register OTP Memory Test PTM \ 00H

OTP Memory(Address:00H-03H)

b7
OTL{____________fodes ]
o2 | _________Odampackp_________ ]
ot DEFdata
OT41  Ofs  DEFdatabackup '

When the OTS bit is 0,0T1 and OT3 data is output. When the OTS bit is 1, the backup data is selected and OT2 and OT4

data is output.

011 | iR
Bl FO = Fo0 Cap
0T2 | Decoderf Array
013 | DEF [ | IN
DEF Decoder—Divider
0T4 0TS ' o
| : | Register (AD4H AD5H)
OTP Memory (ADOH AD3H)
13 RSM-DS-R-0172
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FO0 Adjustment Register FO (Address:04H)

The FO register is directly linked to the capacitor array connected to the XT and XTN terminals of the oscillator. It supports 255
gradations of adjustment, from 01H(minimum oscillator load capacitance code) to FFH(maximum oscillator load capacitance
code).The FO register is set to FO[7:0]= 60H when the FO setting .This setting is in the OTP memory initial value 00H, is
intended to be in the CL=5pF .Refer to the following table for code setting(design values).

Function Capacitance(pF)
VA
“ON” “OFF” XT XN
b0 1 0 0.04 0.04
bl 1 0 0.08 0.08
b2 1 0 0.16 0.16
b3 1 0 0.32 0.32
b4 1 0 0.64 0.64
b5 1 0 1.28 1.28
b6 1 0 2.56 2.56
b7 1 0 5.12 5.12
Code Capacitance array
Dee. | Hex- 006 T 55 [ b4 | b3 | b2 | bl | b0 | XT(pF) | XIN@F) | *“PP)
0 00 0 1 1 0 0 0 0 0 3.84 3.84 5.15
1 01 0 0 0 0 0 0 0 1 0.04 0.04 3.25
2 02 0 0 0 0 0 0 1 0 0.08 0.08 3.27
3 03 0 0 0 0 0 0 1 1 0.12 0.12 3.29
4 04 0 0 0 0 0 1 0 0 0.16 0.16 3.31
88 58 0 1 0 1 1 0 0 0 3.52 3.52 4.99
89 59 0 1 0 1 1 0 0 1 3.56 3.56 5.01
90 5A 0 1 0 1 1 0 1 0 3.60 3.60 5.03
91 5B 0 1 0 1 1 0 1 1 3.64 3.64 5.05
92 5C 0 1 0 1 1 1 0 0 3.68 3.68 5.07
93 5D 0 1 0 1 1 1 0 1 3.72 3.72 5.09
94 5E 0 1 0 1 1 1 1 0 3.76 3.76 5.11
95 5F 0 1 0 1 1 1 1 1 3.80 3.80 5.13
96 60 0 1 1 0 0 0 0 0 3.84 3.84 5.15
97 61 0 1 1 0 0 0 0 1 3.88 3.88 5.17
252 FC 1 1 1 1 1 1 0 0 10.08 10.08 8.27
253 FD 1 1 1 1 1 1 0 1 10.12 10.12 8.29
254 FE 1 1 1 1 1 1 1 0 10.16 10.16 8.31
255 FF 1 1 1 1 1 1 1 1 10.20 10.20 8.33

14 RSM-DS-R-0172
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Internal settings of Register DEF (05H)

b7 b5 b4 b3 b2 b0
DEF unusable CLS DSL

The DEF register is an internal settings register. It can switch the internal state, such as switching the frequency division factor.
If you change the DEF register, in order to confirm that the state has changed writes to fO adjustment register without exiting the
serial interface mode. Along with the f0 adjustment register set value, it outputs the oscillation frequency of the modified
internal state. Bits 5-7 are for device testing. When writing, write data 0 to this register.

Divider select bits DSL[2: 0]

The DSL bits switch the frequency division conditions. The DSL[2:0] =07H setting is for device testing. Its use is prohibited to
prevent unstable operation

Output frequency DSL[2:0]

0 output 00H
f0/2 output 01H
f0/4 output 02H
f0/8 output 03H
f0/16 output 04H
f0/32 output 05H
f0/64 output 06H

Unusable 07H

CL offset adjustment bits CLS[1:0]

The CLS bits switch the oscillator load capacitance offset adjustment value (design values). When the code 00H of 0 adjustment
register has been set , CLS will be invalid.

CL set value CLS[1:0]
CL 00H
CL+ 0.5pF 01H
CrL+ 1.0pF 02H
CrL+ 1.5pF 03H

15 RSM-DS-R-0172
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OTP Memory Test Register PTM(Address:0FH)

b7 b2 bl b0
PTM PTM[1:0]

The PTM bits switch the read condition to confirm strength of writing in OTP memory.Margin-1 Read Mode provides a read
condition to confirm state of strength of writing in OTP memory. The OTP memory test Register is set to the Margin-1 Read
Mode when the PTM[1:0]=3H setting. After writing the 3H in PTM, lead the Memory without exiting the serial interface
mode.If you can correctly read the codes that you wrote in OTP memory, the strength of writing in OTP memory is guaranteed.

PTM][1:0] Mode
OH User Mode(Normal Mode)
3H Margin-1 Read Mode

The factory setting of the IC

Function State

Use memory Main memory(Initial)Selectable memory: Main memory or Backup memory

f0 adjustment

capacitor array Ct=5.15pF(Initial)Selectable CL capacitance value range: 3.25pF~9.83pF

frequency division Fundamental(Initial)Selectable division setting: Fundamental, fosc/2, fosc/4,
conditions fosc/8, fosc/16, fosc/32, fosc/64

16 RSM-DS-R-0172
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2-wire Serial Interface

Serial Interface Start Condition

Oscillation detection is required to initialize the serial interface internal circuits .Start the serial interface when the oscillation
startup time(tsta)has elapsed after power is applied. INHN pin control(INHN=LOW), start the serial interface when the enable
delay time (tog) has elapsed after setting INHN open circuit or HIGH level. This start condition also applies when restarting
after the serial interface is stopped.

Programming Start/Stop Conditions

Data is sent and received using a 2-wire serial interface comprising SCL(INHN clock line) and SDA(Q data line).Hold SCL and
SDA both HIGH level when the serial interface is not transferring data. Device access starts when SDA goes from HIGH to
LOW with SCL held HIGH(START condition), and then data can be transferred. Conversely, device access ends when SDA
goes from LOW to HIGH with SCL held HIGH (STOP condition). These conditions can be accepted during data transfer, so
data transfer should always start with the START condition and end with the STOP condition.

START conditions STOPT conditions

SCL \ / <5 \ /
SDA ——\_ / S \ _/—

When a voltage Viuc is applied to SCL, the output from the Q pin is disabled, and the device is in communication state. If the
SCL clock is LOW level for 250 us(Typ) or longer during communications state the interface is initialized and communication
ends

START
condition

YAV G
3\ G G

3> \SS
250us (Typ. )
When SCL isn’ t'change from L state to H state for 250us(Typ.),
the interface will be initialized automatically

Vinc

17 RSM-DS-R-0172
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Register and OTP Memory Data Transfer Format

The register and OTP memory data transfer formats are described below. Data is always transferred with
ISB first.

Data write Format

The transmitting device sends the START condition and 8-bit data comprising the write operation code

(101), address, followed by a Low-level 8th bit. Followed by 8-bit data, 16-bit transfers in total, and then

send the STOP condition.

When writing data to the register, data is written into the register in sync with the 16" on SCL. When writing to OTP
memory, specify the OTP memory address and send the data and STOP condition. After sensing the STOP condition,
maintain the write state (SCL=Vpp, SDA=Vp)during the OTP memory write time(tw). Once the OTP memory write time

has elapsed, set SDA to LOW level(Vip).To end serial communication and return to normal operation, set SCL to LOW
level(Vic)after the STOP.

condition, and set SDA open circuit(Hi-Z).

Register write timing (Address: 04H)

T1START

1 STOP
3 VIHC
SCLIN - .
1 2 3 4 5 6 7 8 9| |10 |11] |12 |23 |14/ |15 |16 o VDD
i VILC
I e e e e e e . Ty e | el Tl |
s [ty wqe i 1 'ADOJAleADz;ADB Do | Dls D2 | D3 | D4 | D5 D6 | D7 |
FOADO4H) -
/' FO output o Z:.-'x FO
SDA iz M\ TestMode:/ 1\ output
QUTRUT, " Test mode Normal
Function
Standby
Function
Register Write timing (Address: 05H or OFH)
I START —_
SCLIN
VDD
MMMMMM {VILC
o L ledid 'ADOJAleADZJADS ipo | D] D2 | D3 | | D4 | | 05 {06 | D?u
K I o ] BN O PG | _._.._7' S| S | AN SN | CH I
DEF. TMP(AD 05H OFH) | Hiz!
5 / Fo
SDA ’ ] "\ output
Hi-Z ! i \
OUTPUT © Senal T
Interface Norm_al
Function I kunction
Standby
Function
OTP memory write timing
1 STOP
START e
SCLIN ,
1 2 3 4 5 6 7 8 g 10 |11 |12 |13| |14 |15 |16 D tesond ) VDD
R oA e R SO s s T | e
SDA 'REE T 'ADO ADl | AD2 | oVapa\ oo s D3 {paipsios | p7l i Hes
AT R L O O |aD3| /Do D1, D2 | | D4 | D5 D6 | D7 | | 1/
OTP Code OTP1- 4(AD -00H,03H) . i Hi-Z! /
! Y Fo
SDA . ' '\'\_ output
OUTPUT HIZZ | orp Sy
Write 3
Mode i Function
Standby
Function
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Data Read Format

When reading from OTP memory, the transmitter sends the START condition and 7-bit data comprising
the read operation code (010) and address, followed by a Low-level 8" bit SDA goes open circuit (Hi-Z) on

the SCL falling edge after 8 bits have been sent, and then data is output from SDA in sync with the, SCL
falling edge.

""" STOP
START .
SCLIN
1 2 3 4 5 5] T 8 9 10 11 12 13 14 15 16 VILC VDD
SDA —II I‘_ 'll_' S "\.' _._..II: _-"‘.\I' P ""ul; — "'|ll- _""ul A
0 {1 | 0 !ADO|AD1 |AD2|AD3}
INPUT I'__l s ____'I'_.._"]'_____"I'____ - _____'II___ i
OTP1-4 DEF :
(AD:00H-03H,05H) —— T T T Wizl
SDA ez Do | D1 1 D2 | D3 | D4 ."'. D5 | D6 | D7 e K st
OUTPUT Bie ssiles oflemes dhep oflesp wlbae ] 1iSeral \
Interface i Norm_al
] | Function
Function Standby
Function
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fO Adjustment Flow Chart

The following adjustment flow is an example. The flow will vary depending on the required frequency precision

manufacturing process and adjustment environment.

| START |

#-

| Oscillation start |

.

Serial interface
REegister Write start

v

| DEF Register Write |

Y

| FO Register Write |

Y

| Freqguency Monitor |

v

Serial interface

Register Write stop

Target Fregquency

Oscillation start

v

Serial interface
OTP Memory Write start

v

OTP Memory Write

v

Serial interface
OTP Memory Write stop

'

END

When adjusting the frequency using the
register, start the interface when the
oscillation startup time(tsta) or enable delay
time (tor)has elapsed after applying the
START condition

After the interface starts, write data to the
register. After writing to the DEF register
(after sending the STOP condition), you can
continue and write to the FO register by
sending the START condition.

After writing to the FO register(after
sending the STOP(condition), monitor the
frequency on the Q output.

After the serial interface stops, check
whether the target frequency is achieved,
and readjust as necessary.

When writing to OTP memory, start the
interface when the oscillation startup
time(tsta) has elapsed after sending the
START condition.

After the interface starts, write the
adjustment code obtained b:

the register write.

After writing to OTP memory (after sending
the STOP condition), monitor the frequency
on the Q output or read the OTP memory to
check the written data, as necessary

20 RSM-DS-R-0172
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Reference Data

The following characteristics are measured using the crystal below.

Note that the characteristics will vary with the crystal used.

Crystal used for measurement

Parameter 40MHz 80MHz 100MHz
CO(pF) 1.5 2.4 2.1
R1(Q) 27.5 6.3 8.1

L1
Cl R1
%“%
Co
Crystal parameters
21
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Phase Noise
Ta=25 °C

25MHZz/1.6V/15pf

75MHz/1.6V/15pf

Keysight ES052B Signal Source Analyzer

[phas Hoise 10.00dB/ Ref -20.000BC/Hz
-20.

Carrer 25.004027 MHz __7.6150 dBy~
1: | 10/Hz 80 dBc/HZ
25| 100"z | 1231515 dac/z
33| 1 knz| 114114314 dec/nz
41| 10 kHz | [152.6935 dBc/Hz
5:| 100 kWz | -154.1228 dBc/Hz
651 mHz 5516232 dec/Hz
75| 5 mHz| | (156.9413 dec/Hz
, 38:| 5 mHz | 156.9413 dBC/Hz
0 X:|start 12 kiz

stop 20 VHz
enter 10.006 MHz
8 MHz

Noise
nalysis Range x: Band marker
snalysis Range v sand arker
1 dBc / 4.988 MHZ

1ntd Noise
g Notsel 4¢ 621 yrad

2.50532 ndeg
Aws |yitrer: 3i1.652 fsec

Res{dual FM: 131.701 Hz

Freq Band [10M-410+z] omt

|Phase Noise: Hold (el SN

25MHZ/1. 8V/15pf

F Gain 2008,

Phase Noise [Start 10 H

LO Opt [<150KkHz] 736pts
stw 5z

Trigger

Contnuous

Restart

Source
Tnternal

B Trig Polarity
Negative

Ext Trig Output

Average Trigger

o
Window Couple

Return

Keysight ES052B Signal Source Analyzer

Atteruator

Input Atenuator
5d8

Input Attenuator [sl=3
[PPhase Noise 10.00dB/ Ref -20.00dBc/Hz

2

7.1245 B

Carrier 75.017517 HHz
dBc/fiz

-147.0325 dBC/Hz
-149.3027 dBc/Hz
-153.0684 dBC/HZ
15302414 dBC/HZ
knz

20 vz
. €06 MHZ
88 Mz,

nalysis Range x: Band Marker

4nalysts Range v: sand Market
ntg No 79-3357 dBC/19.99 iz
8 Noise! 152. 661 pra

RS st P 3. 6o752| s

1100

1200
1300

-140.0 3

-160.0

F Gain 2008,

Phase Noise [Start 10 H

omt LO Opt [<150¢Hz]

75MHz/1.8V/15pf

Keysight ES0528 Signal Source Analyzer

[PPhase Hose 10,0008/ Ret -20.0008c/Hz

8.7647 B~

19770767

Carr 25.004042 Wz
10z <
100 5590 decis

40.00

5 yHz | 1581664 dBc/HZ

Ko

.C06 MHz
88 Mz

Analysis Range X: Band marker
4nalysis Rang,
nt

BMS 3itrer:
Fes st 115 0

3
3
E 3 185 Eil
IF Gain 2008 Freq Band [10H-41M-7] omt L0 Opt [<150kHz] 7
Slw 5 bz

Phase Noise Start 10 Hz
[ [Phase Noise: Hoid [l R [ I

25MHz/2. 5V/15pf

Trigger

Contnuous

Restart

Saurce
Internal
S Trm Polarity
ative
Ext Trig Output
‘Average Trigger
on
‘Window Couple

Kesight ES0528 Signal Source Analyzer
Input Attenuator
[FPase flose 100008/ Ref -20.00d8/HE
20

8.3410 dB

span 19588 Mz
— noise
nalysis Range X: Band Marker
Analysts Range v sand Marker
dsc /19,99 WHz
{1150 560 prad
7.46386 ndeg
276.378 fsec
1.35071 kz

®

RS Noi

S Jites
Residual FM:

1100

120,

1300

F Gain 2008,

Phase Noise [Start 10 Hz

75MHZz/2.5V /15pf

Keysight ES052B Signal Source Analyzer

[phas Hoise 10.00dB/ Ref -20.000BC/Hz
-20.

St J00052 01,6048 B
z

ii[ 10n 03" dc
23| 100 Hz | 12411770 dBc/Hz
3i0 1 knz | -14112009 dec/nz
4 knz | 15316204 dsc/n
St | 100 kHz| -157.0656 dec/Hz
40.00 6i{ 1z -159:0506 dsc/nz
7i| 5 mHz | 1606448 dsc/nz
. >8:| 5 WHz| | 11606448 dBC/HZ
) X

stop 20 VHz
enter 10.006 MHz
2l

60.00 19,588 MHZ

nalysis Range x: Band marker

Analysis Range Y gand warker
ntq Noise: -g2. dec’/ 4.988 NHz
g Notsel 350408 yrad

-8931 ndeg

RMS |3itrer; 21031 fsec
Res{dual FM: 87,3241 Hz

Freq Band [10M-410+z] omt

| Phase Noise: Hoid [ [RERNON] [P

F Gain 2008,

Phase Noise [Start 10 H

LO Opt [<150ktz]

Recall

Save State

Recal State

Recall by
File Name

Memory Trace ...
Recall
Data Trace ..
Recall
Memory Trace .
‘Additicnal Info

Exlorer

Return

Keysight ES0528 Signal Source Analyzer

B

Atteruator

Input Attenuator pi{vsl:]
[FPase flose 10.0008] Ref-20.00d8/Hz
20

Carer 5.017631 Mz Input Atenuator

£1.4935 diy

o 437 ldnc/hz

0.00 21 -157.9046 dBc/Hz
iz

- Noise =
#nalysis Range X: Band Marker
Analysis Range v sand Harker

dec /19,99 KHz

NS 3T
Residual| F:|[240.91 Hz

1100

1200 2

1300

F Gain 2008,

Phase Noise [Start 10 Hz

omit L0 Opt [<150¢Hz]

[Phase Noise: Hold [ (RN

stop 20 wHz [T

[Attn 108] e R

2025-02-16 15:37]
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25MHz/3.3V/15pf

75MHz/3.3V/15pf

Keysight ES052B Signal Source Analyzer

Input Attenuator B[]

[PPhase Hose 10.00d8/ Ret -20.00080/Hz,

Carer 75 004142 iz

243120 &

40.00

Koo

163.0285 dBC/Hz
z

iz
006 MHZ
<88 MHz

4Analysis Range X: Band Marker

analysis Range ¥: gand Warker

Intd noiser 5. 0676 e 4988 1z
b 6 prad

= 173373 hicg

0 RS |Titrer: 158.833 fsec

Res{dual FM:[€6.0937 Hz

F Gain 2008,

Phase Noise [Start 10 H

Freq Band [10M-41H+7] omt LO Opt [<150ktz]

[ Phase Noise: Hold R [RERINO] CRoreleRen] I

25MHz/3. 63V/15pf

Stw 5 bz ETEES

Atteruator

Input Atenuator
10d8

Keysight ES0528 Signal Source Analyzer

Input Attenuator B[]

Attenuator

[PPhase Horse 1¢.00d8/ Ref -20.000B¢/Hz
0

14.05%4 B

1

1200

1300

Carrir 75.017758 MHz Tnput Attenuato’
975 dec/nz 1068

Return

dsc/mz

se
Analysis Range X: Band Marker
Analysis fange v Band Marker

Intg Noise: ~86.3045 dBC ;| 19.99 MHZ

15 ndeg
RNS Jittert 145.193 fseq
Residual Fi: 697,361 Hz

IF Gain 2008,

Phase Nose [Stert 10 He

75MHZ/3. 63V/15pf

Keysight ES0526 Signal Source Analyzer

stop 20 vhz
enter 10,006 MHZ
Span 19,88 Mz
oise

ina
inalysis Range arker

nt St ats e 4 088 e
R 2.5167 prad

2
1.29011 ndeg
s

Res

10dB ==X
[PPRase flose 100008/ Ref -20.00d8/He

5 G 25004161 H_5.1660
7] 10mz] || 19779143 dec,
2| 100 ke | 1270371 g

32000 301 knz
3| 1oknz | C
5t | 100 khz| 1599011 dec/Hz
& Lmnz | 162.4204 dec/rz
7:| 5wz | 163.8645 deC/Hz
2831 5mHz  -163/8645 dBc/HZ
X: |start 12 kiz

Phase Noise Start 10 Hz
[ [Phase Nose: Holc [ (RSN e X e

Note

3
-160.0
7
6
Eal
IF Gain 2008 Freq Band [10M-41H+7] omt LO Opt [<150ktHz]

Keysight ES0528 Signal Source Analyzer

10dB

Input Attenuator

[FPhase Hoise 10.00dB/ Ref -20.000B/Hz
-20.

£4.9396 d&)

1100

120,

1300

Carer 75.017808 Mz
EC,

©5058 dBC/z

Hz
centar 10:C08 whz
Sgan 19.588 Hhz

Inalys1s Range X: Band Warker
Analysis Range Y: Band Marker
7.20

-2055 dBc / 19.99 NHz
RMS Noise! 61,6037 pra
53479 ndeg
RS Jitrer: 130,887 T
Residual| FM:] €27. 503 Hz

M?M

F Gain 2008,

165 Eil]
omit L0 Opt [<150¢Hz]

Stop 20 MH;

Phase Noise [Start 10 Hz

IPhase Nose: Holc [ ERRINN [-PPRENG YT ) R[Sl [

Ratings may have wide tolerances due to crystal element characteristics; thorough evaluation is recommended.
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Output Waveform

r—-

5MHz/1.8V/15pf SMHz/1.8V/15pf

Keysight Infiniium : Saturday, October 12, 2024 11:47:45 AM Keysight Infiniium : Saturday, October 12, 2024 12:02:21 PM

i

25MHz/2.5V/15pf K 75MHz/2.5V /15pf

Keysight Infiniium : Saturday, October 12, 2024 11:50:53 AM
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25MHZz/3.3V/1 Spf

Keysight Infiniium : Saturday, October 12, 2024 12:00:25 BM

m'- \

25MHz/3.63V/1 5pf

~Keysight Infiniium ; Saturday, October 12, 202% 12:06:15 B

m

75MHz/3.3V/ 15pf

75MHZ/3 63V/1 5pf

Keysight Infiniium : Saturday, October 12, 2024 12:00:55 BM

 Keysight Infiniium : Savarday, October 12, 2024 12:06:15 B
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Measurement Circuit

Measurement Circuit 1 : Ipp, Ist, DUTY ,tr, tf

IDDa:[ST

VDD

IXT

cryetal ]

INHN V&S

XN Q

= 0.1uF

1
i

C,

Ein.c.].u:'ing proba capscitance)

Measurement item SW1 SW2
DD OFF OFF
IST ON or OFF ON
DUTY .tr.tf ON OFF
Measurement Circuit 2, Von
VDD 0.1uF
crystal —/1 SWQ IDH
i XN Q - o/
-
INHN _ VSS Vo 7/1
Function T SW1
Generator

Stepl: [SW1=0N, SW2=0FF] SIFMode AD=4H Write Data=07TH
Step2: [SW1=0FF, SW2=0N] VOH Measure

26
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Measurement Circuit 3 VoL

VDD
1 O0.1uF
XT
o
Q)
INHN VSS Vo
|
Measurement circuit 4 Rpul, Rpu2, Vin, Vi
VDD
_| 0.1uF
XT
XN Q
INHN V33
_o
Vi r r r -
& ﬁ Rev1= (Voo V) / Tpy, Vin=Vss
Ropa= (Vop—Voed / Ty, V=0, TVpp
Vi: Vss — Vpp,voltage that changes enable output state
o - == Vm: Vmp — Vss,voltage that changes disable output state
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Measurement Circuit 5 Iz

VDD
__O. 1uF
H >,
XTN Q (Do
Iz
INHN VSS
.—
Measurement Circuit 6 Rr
VDD
0.1uF
— XT
XTN
INHN V3S
oy
®H—1
Igr Rf=VDD/IRf
28
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Measurement Circuit 7 Vstr, Vsto,tsta,tor,top

O o

VDD
_ 2 1uF
o g ko
cryetal [
—l_— XTN ] & &
INHN  VSS § 1kQ
Function -
Generator ——
500

G

{including probs capacitsnce)
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