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Glossary
A
*+  ACMP: Analog Comparator
*  ACMPH: Analog Comparator High Speed
+ ACMPL: Analog Comparator Low Speed
B
+ BG: Bandgap
C
*+ CLK: Clock
* CNT: Counter
D
* DFF: D Flip-Flop
* DLY: Delay
* DCMP: Digital Comparator
E
» ESD: Electrostatic discharge
F
*  FSM: Finite State Machine
G
*  GPI: General Purpose Input
*  GPIO: General Purpose Input/Output
*  GPO: General Purpose Output
I
* IN: Input
* 10: Input/Output
L
* LSB: Least Significant Bit
* LUT: Look-Up Table
* LV:Low Voltage
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+  MSB: Most Significant Bit
*  MUX: Multiplexer
*  MFB: Multi-Function Block

* nRST: Reset
*  NVM: Non-Volatile Memory

*  OE: Output Enable
* OSC: Oscillator
*  OUT: Output

«  PDWM: Power-down

*  PGen: Pattern Generator

*  POR: Power-On Reset

e PP: Push-Pull

*  PGA: Programmable Gain Amplifier
*  PWM: Pulse Width Modulator

* PDLY: Programmable Delay

+  SCL: I>C Clock Input

+  SDA: I’C Data Input/Output
* SLA: Slave Address

*  SMT: With Schmitt Trigger

* TS: Temperature Sensor

* VREF: Voltage Reference

*  WOSMT: Without Schmitt Trigger
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1. RRIER

PIN14

PIN13

VDD

PIN12

Z e Oscillators
MFBO (4-bit LUT MFB1 (3-bit LUT MFB2 (3-bit LUT 20MHz & 2.5MHz 2KHz
4_0/DFF0/16-bit 3_O0/DFF1/8-bit 3_1/DFF2/8-bit
CNT/DLYO0) CNT/DLY1) CNT/DLY2)
s e
MFB3 (3-bit LUT MFB4 (3-bit LUT MFB5 (3-bit LUT BF LB AR/PWM
3_2/DFF3/8-bit 3_3/DFF4/8-bit 3_4/DFF5/8-bit
CNT/DLY3) CNT/DLY4) CNT/DLY5) DCMPO DCMP1
| PIN2 I MFB6 (3-bit LUT MFB7 (3-bit LUT MFBS8 (3-bit LUT PIN11
3_5/DFF6/8-bit 3_6/DFF7/8-bit 3_7/DFF8/8-bit POR VREF OUT
CNT/DLY6) CNT/DLY7) CNT/DLY8)
DACO > DAC1
MFB9 (3-bit LUT MFB10 (3-bit 4-bit
3_8/DFF9/8-bit LUT3_9/DFF10/8 LUT4_0/8-bit
CNT/DLY9) -bit CNT/DLY10) CNT/DLY/FSM
IIC Device &M
PIN3 \ 2
Lene | LA R B PNio
2-bit 2-bit 2-bit 2-bit 2-bit e
LUT2 0 LUT2_1 LUT2 2 LUT2 3 LUT2 4
/ DFFO / DFF1 / DFF2 / DFF3 / PGENO
2-bit 2-bit 2-bit 3-bit 3-bit
LUT2 5 LUT2 6 LUT2 7 LUT3.0 LUT3 1
/ PGEN1 / EDETO / EDET1 / DFFO / DFF1 PGA
3-bit 3-bit 3-bit 3-bit 3-bit
LUT3 2 LUT3 3 LUT3_4 LUT3 5 LUT3_ 6
|/ DFF2 / DFF3 /| DFF4 |/ DFF5 /| DFF6
; ; : 3-bit 3-bit
3-bit 3-bit 3-bit
LUT3_7 LUT3.8 LUT3 9 /Lplfgé‘lo /Lplfgg—ll
| DFF7 / DFF8 | DFF9 e LY
I PINS I GND
PING PIN7
1: RGIEHE
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2. 5|IEX
2.1 TQFN-14L [ 5] BIfc &

o~ o
— —
o O
o o
O o
14 13

VDD 1 12 GPIO10
GPIT 2 11 GPIO9
GPIO2 3 10 GPIO8
GPIO3 4 9 GPIO7
GPIO4 5 8 GND

1.6mm x 2.0 mm
TQFN - 14
Top View

GPIOS5 @
GPIO6 ~

B 2: TQFN-14L (TOP View)
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2.2 5| T RE A
%1 3 MRERDA

Pin Name Type Function
1 VDD BB VDD
GPI GPI, =8N\
2 GPI1 SLA 0 I°C Slave H31H{ bit O
GPI OSCO_EXT_CLK_IN,OSCO #Mzp i Sy A\
GPIO2 GPI02, I’C_SCL
I’C SCL I’C SCL
3 GPIo2 ADC_VREF ADC MBS Z N
VREFO_OUT VREFO %
GPIO3 GPI03, I'C_SDA
4 GPIO3 I’C SDA I’C SDA
PGA _OUT PGA HizkH
GPIO with OE GPIO #% OF 124
. PlO4 EXT_VREFO_IN ACMP SNSRI
SLA_1 I°C Slave #i3IH{T bit 1
OSC1_EXT_CLK_IN OSC1 FMERAT $hda A\
6 GPIOS GPIO with OF GPIO 7 OF M9&F A& i 10
PGA+ PGA BINIBIE 1 & +i
GPIO with OE GPIO #%& OE #z il
7 GPIO6 PGA- PGA By NIBiE 2 & - i
EXT_VREF1_IN ACMP 552 At
8 GND - GND
GPIO with OE GPIO H OE &
9 GPIO7 ACMPO_H+ ACMPO_H TFim#i A\
SLA 2 I°C Slave #i3IH{i bit 2
GPIO with OE GPIO % OE 14|
10 GPIO8 ACMP1_H+ ACMP1_H IEim# AN\
SLA_3 I°C Slave #i3IH{ bit 3
GPIO with OF GPIO H OE &l
11 GPIO9 PGA_MUX PGA MUX H [N 3R4E pe % 1
ACMP2_L+ ACMP2_L TFim#i A\
1 SPIOL0 GPIO with OE GPIO T H OEJT?%'J
ACMP3_L+ ACMP3_L IFim#i A\
GPIO with OE GPIO #H OE #& il
13 GPIO11 TS_OUT m 1 R aR iR i
OSC2_EXT_CLK_IN OSC2 SMEBS SRR N
1 SPIOL2 GPIO with OE GPIO H OE &
VREF1_OUT VREF1 %
Datasheet Revision10 2024/03/14
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3.1 WRFRFEFR

o 248 X B R R L P e 2 X e 4 e K AR ARIR B AEAE AT 26 AR T T e IE AT A R
7 RIS IIREE, PO KRR T 40 S o KBUEE 26 M T BE M s I Sk . AE40

Ay g
AT AAE PCB A FEREE i, X LS98102 v Him B K N 34 ,GND Mi%E
P2 BB B P

LS98102

* 2. WFREH

S &/ N B
VDD % -0.3 v
10 &XEBEE -0.3 %
VDD Z| GND \R A E R EIA -- 90 mA
BWNREBER -- 1000 nA
FERE -65 150 °C
Junction ;2 & -- 150 °C
BEES MSL 1 -

3.2 @ TAEE H bR
#3: BYTIEREER

S &/ = FN B
VDD EHJREHB[E 2.3 55 %
THERE -40 85 °C
HAE| Pin R AHEE -0.2 VDD+0.3 Vv
VDD RFEFHEA 0.1 -- ufF

3.3 HHBCEAUEHE
% 4: BARBCBAEA

S &/ =N B
ESD {&4F (Charged Device Model) 500 -- v
ESD &3P (Human Body Model) 2000 -- Y,
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—
3.4 AR
% 5: Electrical Characteristics (VDD: 2.5V+8%, Temp: -40~85°C)
Parameter Condition/Note Min. Typ. Max. Unit.
POR
VDD Level Required to
PONTHR Power On Threshold Start Up the Chip 1.67 1.80 1.92 \%
VDD Level Required
POFFTHR Power Off Threshold to Switch Off the Chip 0.95 1.25 1.54 \%
Tsu Startup Time From VDD rising past PONTtHr -- 1.20 -- ms
Istand_by T=+25°C -- 70 - nA
10 PIN
Logic Input 0.7*VvDD -- -- \%
HIGH-Level . - - -
ViH Logic Input with Schmitt Trigger 0.8*VDD -- -- \%
Input Voltage -
Low-Level Logic Input 0.82 -- -- \%
| Logic Input -- -- 0.3*VvDD \%
Vi LOW-Leve Logic Input with Schmitt Trigger - - 0.2*VDD \%
Input Voltage -
Low-Level Logic Input -- -- 0.70 \%
Schmitt Trigger . : ; : - -
VHys Hysteresis Voltage Logic Input with Schmitt Trigger 0.42 \%
Input leakage
lke (Absolute Value) - - 1 1000 nA
v HIGH-Level Push-Pull, lon = 1 mA, 1X Drive 2.02 - -- \%
OH Output Voltage Push-Pull, lon = 1 mA, 2X Drive 2.10 - - V
Push-Pull, lo.=1 mA, 1X Drive -- -- 0.11 V
vV LOW-Level Push-Pull, lo. = 1 mA, 2X Drive . - 0.06 v
o Output Voltage Open Drain, lo. = 1 mA, 1X Drive - - 0.077 v
Open Drain, lo. =1 mA, 2X Drive - - 0.075 V
HIGH-Level Output Push-Pull, Von = VDD-0.2, 1X Drive 1.37 - - mA
lon Pulse Current (see .
Note) Push-Pull, Von = VDD-0.2, 2X Drive 2.74 -- -- mA
Push-Pull, Vo = 0.15 V, 1X Drive 1.61 -- -- mA
LOW-Level Output " pysh-pyll, Vo, = 0.15 V, 2X Drive 3.22 - - mA
loL Pulse Current (see - -
Note) Open Drain, VoL=0.15V, 1X Drive 4.9 - -- mA
Open Drain, VoL = 0.15 V, 2X Drive 9.8 -- -- mA
1M Pull Up - 1 - MQ
Rpup Pull Up Resistance 100 k Pull Up - 100 -- KQ
10 k Pull Up - 10 - KQ
1 M Pull Down -- 1 -- MQ
Repown Pull Down Resistance | 100 k Pull Down - 100 -- KQ
10 k Pull Down -- 10 -- KQ
Oscillators
Power-On T=+25 °C - 0.453 - us
time
Fre T=+25°C -- 19.73 -- MHz
Gaceuracy | 20MHz OSC T=-40 °C to +85 °C 18352 | -~ | 20.336 | MHz
Power T=+25 °C -- 60 -- UA
Consumption T=-40 °C to +85 °C -- -- 67 uA
Po‘a’rigon T=+425 °C - 0.499 - us
e 2.5MHz OSC T=+25 °C - 2.466 ~ MHz
Ghcouracy T=-40 °C to +85 °C 2.294 - 2542 | MHz
Datasheet Revision10 2024/03/14
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Parameter Condition/Note Min Typ. Max. | Unit.
Power T=+25°C -- 37 -- UuA
Consumption T=-40 °C to +85 °C -- - 42 uA
Po‘a’;zo” T=+25 °C - 600 - us
Fregaccuracy 2KHz OSC T=+25°C - 2 - KHz
T=-40 °C to +85 °C 1.847 -- 2.074 KHz
Power T=+25°C -- 0.41 -- UA
Consumption T=-40 °C to +85 °C -- -- 0.57 UA
ACMPH Specifications
Vacwp ACMP Input Positi\(e Input 0 - VDD V;
Voltage Range Negative Input 0 - 1.23 V
Voftset ACMP Input Offset -- -5 2 5 mV
Bandwidth -- 500 -- KHz
Input Buffer Offset -9.6 4.8 9.6 mV
Power Consumption -- 15 -- UA
ACMP Startup Time ACMP Power-On delay, Minimal -- 33 -- usS
tstart VAV?:i;IqPBSGta?tEp Time required wake time for the "Wake
when BG Off and Sleep function”, for ACMPxH - 1 -- mS
Gain=1 -- 1 -- GQ
Rein Serigs Input Ga?n =1/2 1.2 1.34 1.48 MQ
Resistance Gain = 1/4 1.2 1.34 1.48 MQ
Gain = 1/5 1.2 1.34 1.48 MQ
PROP ggos%aognas?%rag'ay' Overdrive = 50 mV - 0366 | 0492 | uS
G=1 - 1 -
G Gain G=1/2 (ACMP- =0.6V) 0.4969 0.5 0.5031
G=1/4 (ACMP- = 0.75V) - . -
G=1/5 (ACMP- = 1.1V) - - -
Vref Internal Vref error, T=+25°C - 5 - mv
Vref=0 t01.23V T=-40 °C to +85 °C -1.7% -- 1.7% Fs
Conpscl)Jmeprtion Internal Vref Without Input Buffer -- 9.0 -- UuA
ACMPL Specifications
Vv ACMP Input Positive Input 0 -- VDD \%
ACMP .
Voltage Range Negative Input 0 - 1.23 \Y
Voffset ACMP Input Offset -- -5 2 5 mV
ACMP Startup Time ACMP Power-On delay, Minimal -- 78 - usS
tstart VAvgﬁszGt;)ttl Time required wake time for the "Wake
when BG Offp and Sleep function”, for ACMPxL - 1 -- mS
Gain=1 -- 1 -- GQ
Rein Series Input Gain = 1/2 1.2 1.34 1.48 MQ
Resistance Gain = 1/4 1.2 1.34 1.48 MQ
Gain = 1/5 1.2 1.34 1.48 MQ
PROP ggosﬁ)ignas“eo%r?]i'ay' Overdrive = 50 mV - 5926 | 8447 | us
G=1 - 1 -
G Gain G=1/2 (ACMP- =0.6V) 0.4973 0.5 0.5027
G=1/4 (ACMP- = 0.75V) - - -
G=1/5 (ACMP- = 1.1V) - - -
Vref Internal Vref error, T=25°C -- 5 - mV
Vref=0 t01.23V T=-40 °C to +85 °C -1.7% - 1.7% Fs
Datasheet Revision10 2024/03/14
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Parameter Condition/Note Min. Typ. Max. | Unit.
CoanL)Jvéeprtion Internal Vref -- 3.8 -- UA
Vref Out Characteristics
. G=1 -- 1 --
Vrefaccuracy Vref Gain Accuracy o2 0.501% > 0.484%
Vrefoftset Vref Opamp Offset G=1 (VCM IN=VDD/2) -6 3 6 mV
Vref DACoffset -1.70% 0.5% 1.70% Fs
lioading Source Current -- 2 -- mA
ConF;?JV%eprtion G=1 B L7 B uA
Turn On Time 0.5% Accuracy -- 150 -- us
Voltage of
Output to Maximum output voltage Vout = VDD — 0.3 — 3000 X lout
VDD
PGA
Input Range 0 -- VDD \%
Linear Out
mange put 0.1 ~ | vobo1 | Vv
, G=1(+25 °C) - 15 6.5 mv
Single End
Voo G=1(-40 °C to +85 °C) - - 7 mV
. ) G=1(25°C) - 3 135 mV
Differential
G=1(-40 °C to +85 °C) - - 18.5 mvV
G=1 -- 1 --
G=2 -2.2% 2 2.2%
Single End G=4 -3.5% 4 3.5%
G=8 -3.1% 8 3.1%
. G=16 -2.7% 16 2.7%
Gain Error
G=1 - 1 -
G=2 -2.3% 2 2.3%
Differential G=4 -2.4% 4 2.4%
G=8 -2.0% 8 2.0%
G=16 -2.3% 16 2.3%
Bandwidth G=1 -- 700 -- KHz
Turn On Time 0.5% Accuracy -- 20 -- usS
Power Single End -- 38 -- UA
Consumption | Differential - 129 - uA
Note: DC or average current through any pin should not exceed value given in Absolute Maximum Conditions.

# 6: Electrical Characteristics (VDD: 3.3V+10%, Temp: -40~85°C)

Parameter Condition/Note Min. Typ. Max. | Unit.
POR
VDD Level Required to
PONTHR Power On Threshold Start Up the Chip 1.67 1.80 1.92 \Y,
VDD Level Required
POFFtHrR Power Off Threshold to Switch Off the Chip 0.95 1.25 1.54 \%
Tsu Startup Time From VDD rising past PONtHr -- 1.20 -- ms
Istand_by T=+25°C -- 97 -- nA
Datasheet Revision10 2024/03/14
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Parameter Condition/Note Min. Typ. Max. | Unit.
10 PIN
| Logic Input 0.7*vDD - -- \%
HIGH-Leve : : P "
ViH Input Voltage Logic Input with Schmitt Trigger 0.8*vDD -- -- \
Low-Level Logic Input 0.92 -- -- \Y
o | Logic Input -- -- 0.3*vDD \Y
LOW-Leve . . — -
Vie Input Voltage Logic Input wnh Schmitt Trigger -- -- 0.2*VvDD \Y
Low-Level Logic Input -- -- 0.77 \
Schmitt Trigger . . N
VHys Hysteresis Voltage Logic Input with Schmitt Trigger -- 0.45 -- \%
Input leakage
s (Absolute Value) - - L 1000 nA
Vor HIGH-Level Push-Pull, lon = 3 mA, 1X Drive 2.60 -- -- \Y
Output Voltage Push-Pull, lon = 3 mA, 2X Drive 2.80 . - Y,
Push-Pull, lo.= 3 mA, 1X Drive -- -- 0.25 \
VoL LOW-Level Push-Pull, lo = 3 mA, 2X Drive - - 0.22 \%
Output Voltage Open Drain, lo. = 3 mA, 1X Drive - - 0.12 Y}
Open Drain, loL = 3 mA, 2X Drive - - 0.089 V
HIGH-Level Output Push-Pull, Von = 2.4V, 1X Drive 5 - - mA
loH Pulse Current (see .
Note) Push-Pull, Von = 2.4 V, 2X Drive 10 -- -- mA
Push-Pull, VoL = 0.4 V, 1X Drive 5 -- -- mA
LOW-Level Output Push-Pull, VoL = 0.4 V, 2X Drive 10 - - mA
lou Pulse Current (see - -
Note) Open Drain, VoL= 0.4 V, 1X Drive 15 -- -- mA
Open Drain, VoL = 0.4 V, 2X Drive 30 - -- mA
1 M Pull Up -- 1 -- MQ
Rpup Pull Up Resistance 100 k Pull Up - 100 -- KQ
10 k Pull Up -- 10 - KQ
1 M Pull Down - 1 -- MQ
Rppwn Pull Down Resistance | 100 k Pull Down -- 100 -- KQ
10 k Pull Down - 10 -- KQ
Oscillators
Power-On T=+25 °C - 0.445 - us
time
Fre T=+25°C -- 19.90 -- MHz
Ghceuracy | 20MHz OSC T=-40 °C to +85 °C 18.568 - 20.504 | MHz
Power T=+25°C -- 73 -- uA
Consumption T=-40 °C to +85 °C - - 82 UA
Power-On T=+25 °C - 0.472 - us
time
Fre T=+25°C - 2.488 - MHz
Ghceuracy | 2 5MHz OSC T=-40 °C to +85 °C 2.321 - 2563 | MHz
Power T=+25°C -- 40 -- UA
Consumption T=-40 °C to +85 °C - - 46 UA
Power-On T=+25 °C - 569 - us
time
Fre T=+25°C - 2 - KHz
Gaceureey | 2KHz OSC T=-40 °C to +85 °C 1.843 - 2072 | KHz
Power T=+25°C -- 0.44 -- UA
Consumption T=-40 °C to +85 °C - - 0.62 uA
Datasheet Revision10 2024/03/14
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Parameter Condition/Note Min. Typ. Max. | Unit.
ACMPH Specifications
ACMP Input Positive Input 0 -- VDD \%
Vacmp -
Voltage Range Negative Input 0 - 1.23 \Y
Voffset ACMP Input Offset -- -5 2 5 mV
Bandwidth -- 500 -- KHz
Input Buffer Offset -9.6 4.8 9.6 mV
Power Consumption -- 2 --
ACMP Startup Time ACMP Power-On delay, Minimal -- 29 -- uS
tstart VAV?:(T\/InPBSGta?ttlp Time required wake time for the "Wake
when BG Off and Sleep function”, for ACMPxH -- 1 - mS
Gain=1 -- 1 -- GQ
Rein Seri_es Input Gain=1/2 1.2 1.34 1.48 MQ
Resistance Gain = 1/4 1.2 1.34 1.48 MQ
Gain = 1/5 1.2 1.34 1.48 MQ
PROP Ea;os%ignastéo%railay' Overdrive = 50 mV - 0338 | 0423 | us
G=1 -- 1 --
G Gain G=1/2 (ACMP- = 0.6V) 0.4970 0.5 0.5030
G=1/4 (ACMP- = 0.75V) 0.2475 0.25 0.2525
G=1/5 (ACMP- = 1.1V) - - -
Vref Internal Vref error, T=25°C -- 5 - mv
Vref=0 t01.23V T=-40 °C to +85 °C -1.7% - 1.7% Fs
Conpscl)Jvr\ll1eprtion Internal Vref Without Input Buffer -- 9.3 -- UA
ACMPL Specifications
ACMP Input Positive Input 0 -- VDD \%
Vo Voltage Range Negative Input 0 - 1.23 v
g p
Voffset ACMP Input Offset -- -5 2 5 mV
VAvﬁxszé%tﬁp Time ACMP Power-Qn delay, Mi“nimal -- 75 - usS
tstart ACMP Startup Time required wake tl_me“for the "Wake
when BG Off and Sleep function”, for ACMPxL - 1 -- mS
Gain=1 - 1 -- GQ
Rein Serigs Input Gain = 1/2 1.2 1.34 1.48 MQ
Resistance Gain = 1/4 1.2 1.34 1.48 MQ
Gain = 1/5 1.2 1.34 1.48 MQ
PROP ggosﬁ)ignas“eo%r?]i'ay' Overdrive = 50 mV - 6.115 | 85% | uS
G=1 - 1 -
G Gain G=1/2 (ACMP- =0.6V) 0.4971 0.5 0.5029
G=1/4 (ACMP- = 0.75V) 0.2472 0.25 0.2528
G=1/5 (ACMP- = 1.1V) - - -
Vref Internal Vref error, T=+25°C - 5 - mv
Vref=0 t01.23V T=-40 °C to +85 °C -1.7% - 1.7% Fs
ConPs?Jmeprtion Internal Vref -- 3.9 -- UA
Vref Out Characteristics
. G=1 - 1 --
Vrefaccuracy Vref Gain Accuracy G2 0.538% > 0.439%
Vrefoffset Vref Opamp Offset G=1 (VCM IN=VDD/2) -6 3 6 mV
Datasheet Revision10 2024/03/14
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Parameter Condition/Note Min Typ. Max. | Unit.
Vref DACoftset -1.70% 0.5% 1.70% Fs
lioading Source Current -- 2 -- mA
ConF;?JV%eprtion G=1 B 1.86 B uA
Turn On Time 0.5% Accuracy -- 150 -- uS
Voltage of
Output to Maximum output voltage Vout = VDD — 0.3 — 3000 X lout
VDD
PGA
Input Range 0 -- VDD \%
LineF?r Output 0.1 _ VDD-0 1 v
ange
. G=1(+25 °C) - 1.5 6.5 mV
Voo Single End G=1(-40 °C to +85 °C) - - 7 mv
Differential G=1(+25 °C) - 3 145 mv
G=1(-40 °C to +85 °C) - - 20 mV
G=1 - 1 -
G=2 -2.2% 2 2.2%
Single End G=4 -3.5% 4 3.5%
G=8 -3.1% 8 3.1%
. G=16 -2.7% 16 2.7%
Gain Error o1 — 1 —
G=2 -2.3% 2 2.3%
Differential G=4 -2.4% 4 2.4%
G=8 -2.0% 8 2.0%
G=16 -2.3% 16 2.3%
Bandwidth G=1 -- 700 -- KHz
Turn On Time 0.5% Accuracy -- 20 -- usS
Power Single End - 39 - UA
Consumption Differential - 131 - UA
Note: DC or average current through any pin should not exceed value given in Absolute Maximum Conditions.

3 7: Electrical Characteristics (VDD: 5V+10%, Temp: -40~85°C)

Parameter Condition/Note Min. Typ. Max. Unit.
POR
VDD Level Required to
PONTHR Power On Threshold Start Up the Chip 1.67 1.80 1.92 \Y,
VDD Level Required
POFFtHrR Power Off Threshold to Switch Off the Chip 0.95 1.25 1.54 \%
Tsu Startup Time From VDD rising past PONTtHr -- 1.20 - ms
Istand_by T=+25°C -- 155 - nA
10 PIN
G | Logic Input 0.7*vDD -- - Y,
HIGH-Leve : : ; ; " - -
ViH Input Voltage Logic Input Wlth Schmitt Trigger 0.8*VDD \%
Low-Level Logic Input 1.00 -- - \%
Logic Input -- -- 0.3*vDD \Y,
Vi LOW-Level Logic Input with Schmitt Trigger -- -- 0.2*vDD \%
Input Voltage -
Low-Level Logic Input -- -- 0.86 \%
Datasheet Revision10 2024/03/14
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Parameter Condition/Note Min Typ. Max. Unit.
VHys a;ztnglrtgirég\%glrtage Logic Input with Schmitt Trigger -- 0.54 - \%
lke I(g%itolli?tle( ?/g:I ue) B B L 1000 nA
Vo HIGH-Level Push-Pull, lon =5 mA, 1X Drive 4.04 -- - \Vj
Output Voltage Push-Pull, lon = 5 mA, 2X Drive 4.20 - - V
Push-Pull, lo.=5 mA, 1X Drive -- -- 0.29 \%
VoL LOW-Level Push-Pull, loL =5 mA, 2X Drive -- -- 0.21 \
Output Voltage Open Drain, loL =5 mA, 1X Drive - - 0.15 \%
Open Drain, loL =5 mA, 2X Drive -- -- 0.114 \'
HIGH-Level Output Push-Pull, Vor = 2.4 V, 1X Drive 19 - - mA
lox ,F\;Lc’)'tss Current (see | o h-Pull, Vor = 2.4V, 2X Drive 38 - - mA
Push-Pull, VoL = 0.4 V, 1X Drive 7 -- -- mA
o, 'F-)Sl‘é‘g'ga’rf"enot”(tsp:é Push-Pull, VoL = 0.4 V, 2X Drive 14 - - mA
Note) Open Drain, VoL = 0.4 V, 1X Drive 21 -- -- mA
Open Drain, VoL = 0.4V, 2X Drive 42 -- -- mA
1 M Pull Up - 1 - MQ
Reup Pull Up Resistance 100 k Pull Up -- 100 - KQ
10 k Pull Up - 10 - KQ
1 M Pull Down -- 1 -- MQ
Rpeown Pull Down Resistance | 100 k Pull Down -- 100 - KQ
10 k Pull Down -- 10 -- KQ
Oscillators
Power-On _ o
time T=+25°C -- 0.433 -- us
Freqacouracy 2OMHz OSC T=+25°C -- 20.13 -- MHz
T=-40 °C to +85 °C 18.784 -- 20.776 MHz
Power T=+25°C -- 104 - UA
Consumption T=-40 °C to +85 °C - - 118 uA
Povyer-On T=+25 °C - 0.445 -- usS
time
Freqacouracy > EMHz OSC T=+25°C -- 2.516 -- MHz
’ T=-40 °C to +85 °C 2.348 -- 2.597 MHz
Power T=+25°C - 48 -- uA
Consumption T=-40 °C to +85 °C - - 56 UA
Po‘a’;go” T=+25°C - 537 - us
Fregaccuracy | 2KHz OSC Toe2s e ~ 2 ~ Az
T=-40 °C to +85 °C 1.842 -- 2.071 KHz
Power T=+25°C -- 0.54 -- uA
Consumption T=-40 °C to +85 °C - - 0.78 UA
ACMPH Specifications
Vacup ACMP Input Voltage Positive Input 0 -- VDD \Y
Range Negative Input 0 - 1.23 \%
Voffset ACMP Input Offset -- -5 2 5 mVv
Bandwidth -- 500 -- KHz
Input Buffer Offset -9.6 4.8 9.6 mV
Power Consumption -- 2 --
ACMP Startup Time ACMP Power-On delay, Minimal - 29 - usS
tstart VAvgtla\/lnPBSGtacr)t’l\le Time required wake time for the "Wake
when BG Off and Sleep function”, for ACMPxH - 1 -- mS
Datasheet Revision10 2024/03/14
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Parameter Condition/Note Min. Typ. Max. Unit.
Gain=1 -- 1 -- GQ
Rein Serifes Input Gain = 1/2 1.2 1.34 1.48 MQ
Resistance Gain = 1/4 1.2 1.34 1.48 MQ
Gain = 1/5 1.2 1.34 1.48 MQ
PROP ;;Os%i)gnas“eo%a‘zlay' Overdrive = 50 mV - 0.318 | 0.402 us
G=1 -- 1 --
G Gain G=1/2 (ACMP- = 0.6V) 0.4943 0.5 0.5057
G=1/4 (ACMP- = 0.75V) 0.2470 0.25 0.2530
G=1/5 (ACMP- = 1.1V) 0.1980 0.2 0.2019
Vref Internal Vref error, T=+25°C -- 5 - mV
Vref=0 t01.23V T=-40 °C to +85 °C -1.7% - 1.7% Fs
Conzzvr\;eprtion Internal Vref Without Input Buffer -- 10 - UuA
ACMPL Specifications
Y ACMP Input Positive Input 0 -- VDD \%
ACMP A
Voltage Range Negative Input 0 1.23 V
Voftset ACMP Input Offset -- -5 2 5 mV
ACMP Startup Time ACMP Power-On delay, Minimal - 108 -- us
tstart VAV?:%WPB;;?J:F) Time required wake time for the "Wake
when BG Off and Sleep function”, for ACMPxL -- 1 -- mS
Gain=1 -- 1 - GQ
Rein Series Input Gain =1/2 1.2 1.34 1.48 MQ
Resistance Gain = 1/4 1.2 1.34 1.48 MQ
Gain = 1/5 1.2 1.34 1.48 MQ
PROP Egos%ignastéo%a‘zlay' Overdrive = 50 mV - 6.477 | 8.159 us
G=1 - 1 -
G Gain G=1/2 (ACMP- =0.6V) 0.4968 0.5 0.5032
G=1/4 (ACMP- = 0.75V) 0.2470 0.25 0.2529
G=1/5 (ACMP- = 1.1V) 0.1975 0.2 0.2025
Vref Internal Vref error, T=+25°C -- 5 - mV
Vref=0t01.23V T=-40 °C to +85 °C -1.7% -- 1.7% Fs
ConZ?J\:Vneprtion Internal Vref -- 4.2 -- UA
Vref Out Characteristics
Vrefaccuracy Vref Gain Accuracy G=1 — 1 —
G=2 -0.597% 2 0.413%
Vrefoftset Vref Opamp Offset G=1 (VCM IN=VDD/2) -6 3 6 mV
Vref DACoffset -1.70% 0.5% 1.70% Fs
lioading Source Current -- 2 -- mA
Consumption G=1 S uA
Turn On Time 0.5% Accuracy -- 150 -- us
Voltage of
Output to Maximum output voltage Vout = VDD — 0.3 — 3000 X Iout
VDD
PGA
Input Range 0 -- VDD \%
L'”eé";r%‘:p”t 0.1 ~ | vbp-01 | Vv
Datasheet Revision10 2024/03/14
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Parameter Condition/Note Min Typ. Max. Unit.
. G=1(+25 °C) - 15 8 mvV
Single End
v G=1(-40°C to +85 °C) - - 7 mvV
offset , , G=1(+25 °C) - 35 15 mv
Differential
G=1(-40°C to +85°C) -- -- 225 mV
G=1 - 1 -~
G=2 -2.2% 2 2.2%
Single End G=4 -3.5% 4 3.5%
G=8 -3.1% 8 3.1%
) G=16 -2.7% 16 2.7%
Gain Error
G=1 - 1 -
G=2 -2.3% 2 2.3%
Differential G=4 -2.4% 4 2.4%
G=8 -2.0% 8 2.0%
G=16 -2.3% 16 2.3%
Bandwidth G=1 - 700 -- KHz
Turn On Time 0.5% Accuracy -- 20 - usS
Power Single End -- 42 -- uA
Consumption Differential - 137 - uA
Note: DC or average current through any pin should not exceed value given in Absolute Maximum Conditions.

% 8: I12C B[ FFS% (VDD: 2.3V ~ 5.5V, Temp: -40°C ~85C)

Fast-Mode
_— - Fast-Mode .
Parameter Description Condition Plus Unit
Min Max Min Max

FscL Clock Frequency, SCL -- 400 -- 1000 KHz
tLow Clock Pulse Width Low 1300 -- 500 - ns
tHIGH Clock Pulse Width High 600 -- 260 - ns

_ _ _ VDD=2.5V+8% - 95 - 168 ns

t '&%ﬁgg‘zﬁp'ke Suppression 1y/5p=3 3v+10% - 95 - 157 ns
VDD=5.0V+£10% -- 111 -- 156 ns

taa Clock Low to Data Out Valid -- 900 - 450 ns

taur Bus Free Time between Stop 1300 | - 500 - ns
tHD_sTA Start Hold Time 600 -- 260 -- ns
tsu_stA Start Set-up Time 600 -- 260 - ns
tHD_DAT Data Hold Time 0 -- 0 -- ns
tsu_pbaT Data Set-up Time 100 -- 50 -- ns

tr Inputs Fail Time -- 300 -- 120 ns

tr Inputs Rise Time -- 300 -- 120 ns
tsu_sto Stop Set-up Time 600 -- 260 - ns
toH Data out Hold Time 50 -- 50 - ns

Note: Timing Diagram can be found in the Figure 20.
Datasheet Revision10 2024/03/14
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4. T N0 tH 5| B4

L.S98102 £ 11 /> GPIO 5l i, =] PAHAEF P @ s N B, ] DURAERR R Thae (41
R ESE) . 14 GPI 3|,

4.1 @EHBA G|
GPI_1 FfE@ SN 1, W T@AMN T, P93 B & 3 fros.

vDD

S

So——
GND

271 GPI_PULL_UP_ENx
GPI_RES_SELx[1:0] J:PUll uP

00:Floating 1:pull down
01:10KQ
10:100KQ

11:1MQ
’ I GPI_DINx
SMT_EN

[:>_*
™S~
I//

WOSMT_EN

LV_EN

B 3. ERRAHATER
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4.2 18 %N 5|
102. 103, 104, 105, 106. 107, 108. 109. 1010, 1011. 1012 F{Fi@/H 10 1.
GPIO2(PIN3). GPIO3(PIN4)%> 5I{E T 12C-SCL A1 12C-SDA ) N #EAE AN 4 Fios .

vDD

GRD

2; GPIO PULL_UP_ENx
:pull
GPIO_RES_SELx[1:0] 2133“ down

00:Floating
01:10KQ
I >—&—»GPI0O_DINX
SMT_EN
<
WOSMT_EN

10:100KQ
11:1MQ

2 I

l— IIC SDA(SCL)Signal

B 4: BAMAEIHS]E PIN3/PINA AIRIER

104,5,6,7,8,9,10,11,12 F#) N F#HE B B 5 Flios .

vDD

GPIO_RES_SELx[1:0]L, | GND  GPIO_PULL_UP_ENx
00:Floating 2 O:pull up
01:10KQ 1:pull down
10:100KQ
11:1MQ
vee
J »—»GPI0_DINX
PP1x EN
Digital OUT * H ital OUT
OF 4]—_ }_Gggﬂ—mglta ou
= | 0D1ix EN
= GND lGnp
GND
vee
J
>
PP2x EN ]—
ﬁjw < ’_G;Eq—mgital out
PP2x EN GND L 0D2x EN 0E—{ o
GND
Input Mode Enable GPIO Ana[og Outx
GPIO Analog AOUTx
& 5. EARARHSIEAER
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5. HEAHEME

LS98102 WHEAE =ALHHERE, Hrh—ADTEE, PATHER . B AR E, LR

AP T RSB IROE B DUR B R AT R R N 4 . IX A A7 A ) JE L OTP BEks

T IBRREL I AR A A\ DR A IS T 0 L BB R A 100 7 B IBRAE (1% U PR S B B B IR

BTSN o BEAS LI R ) R 2o — A A7 oK O L

6. HEZIETNRE R TT

LS98102 20N H A IhRE I, 1 LLHMEZ AN 2 8 e N I s
PLRAVELUT, 8iE eSS —ANZEECER That, feusEiX S e seBlishae, &2 W N

PR

4x 2-bit LUT/DFF

2x 2-bit LUT/Pattern Generator

2x 2-bit LUT/Edge Detector

10x 3-bit LUT/DFF with nRST/nSET
2x 3-bit LUT/Pipe Delay

6. 1 ZH A2 48 FC AL it

L X X R 2

2bit LUT_DFF_IN1x ("SO IN1

S
S1]

N INO

TLUT Truth Table}

o FERFIELLT, EATHR]

Dbit_LUT_DFF_DATA_TABLEx[3:0]

50 \2bit LUT_DFF_DINx
o

[

2bit LUT_DFF_INOx(" SO S0

b \DFF /LATCH,
| REGISTER !

DFF/LATCH

— CLK
st {>O i%

2bit LUT_DFF_DATA_TABLEX[0]

S1

p
2bit_LUT_DFF_FUN_SELx

0= =LUT
1= =DFF/LATCH

B 6: 2-bit LU

Datasheet
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1bit LUT_PGEN_IN1x

SO

S1

N

IN1

[LUT Truth Table

—150) 2bit LUT_PGEN_DINx

o

Pbit LUT_PGEN_DATA_TABLE x[15:0] |c 4

\PGEN DATA|

2bit LUT_PGEN_INOx (SO

——»

2bit LUT_PGEN_FUN_SELx

S1
Lo

'Pattern Size,

ouT

]

2bit LUT_PGEN_PGEN_SIZEx[3:0]

0= =LUT
1= =EDGE

S0

B 7: 2-bit LUT/Pattern Generator H. &

2bit LUT_EDGE_IN1x
e

S1

2bit LUT_DFF_FUN_SELx

2bit LUT_EDGE_INOx
—

(LUT Truth Table,

IN

[2bit LUT_EDGE_DATA_TABLE[3:0]

SON2bit LUT_EDGE_DINx
—>

S1
| | “1
(EDGE MODE,
out
EDGE
Detetor

0= =
1= =GDEG

Delay Value Selection[1:0]

Frorq Connection
Matrix Output N

Datasheet

A 8: 2 bit LUT/Edge Detector H 2%

Edge Value Selection[1:0]

Delay

Programmable

To Connection
Matrix Input
—»

K 9: Programmable Delay
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$3bit LUT_DFF_DINx

—
—S1

3bit LUT_DFF_INZ_x (SO N2 Sbit LUT
51 INL ouT
NO_
TLUT Truth Table,
. SO —
3bit LUT_DFFIN1 x Shit LUT_DFF_DATA_TABLEx[7:0]
s1 1
DFF /LATCH,
D
)
nRST/nSet Q/nQ
>0—:
/r CLK
3bitl LUT_DFF_DATA_TABLEx[2 DFF /LATCH
3bit LUT_DFF_INO_x (SO 50

—>

\S51
3bit_LUT_DFF_FUN_SELx

>0

51
/| 3bit LUT_DFF_DATA_TABLEx[4]

0= =LUT
1= =DFF/LATCH

& 10: 3-bit LUT/DFF B E

3bit LUT_PIPE_INO_x ('S

S1

INO

3bit LUT_PIPE_IN1_x S
51

3bit LUT

TLUT Truth Table;

ourt

3bit LUT_PIPE_DATA TABLEx[7:0]

50 \3bit LUT_PIPE_OUTO_DINx
>

—S1

—ae
)
I>O 51
3bjt LUTIPIPE_DATA TABLEx[9]
3bit LUT_PIPE_IN2_x ('S 50
51 {>O 51

—¥5bit LUT_PIPE_DATA TABLEx[10

3bit LUT_PIPE_FUNCx

3bit LUT_PIPE_DATA

3bit LUT_PIPE_OUT1_DINx
.

Ld

3bit LUT_PIPE_OUT2_DINx
»

D
ouTo
nRST
3bit LUT_PIPE_DATA TABLEx[3:0]
16 Flip—Flops 1 PIPE OUT
CLK
S0

>

ouT1

3bit LUT_PIPE_DATA

JO
S1
S1
TABLEX[7:4 ]i
TABLEx[8

0= =LUT
1= =PIPE
Datasheet

11: 3-bit LUT/Pipe Delay H1 &l
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7. Z)REtER (MFB)

LS98102 L A 112 TiRe i yn, Al U2 NMEHEECER TIE. ESFEN T, EATE LIE
HNLUT. B RIGERERIDFF, s /ENEA Z M Counter/Delay, W XIAHE. AE
R VAR I A%

AN, FEHITRENS A X L ThRE: %R FCounter/Delay i LUT/DFF LA A2 % 22 3| LUT B DFF f{)
Counter/Delay .

LS98102i% H A 11~47FSM Counter, T L% B pii4-bit LUTEL8-bit FSM CNT/DLY .

AR AMEX L e SEELH DI fE, 1HZ W NS
& 10x7] 3% 3-bit LUT/DFF + 8-bit Counter/Delay

& 1xA[EFEHI4-bit LUT/DFF + 16-bit Counter/Delay

€ 1x 4-bit LUT/8-bit FSM CNT/DLY

7.1 Z DIRefR B A

3bit LUT_MFB_IN2_x
50 .
Nz 3bit LUT
B IN1 out
INO
FLUT Truth Table,
Sbit LUT_MFBIN1x <0 50 5bit LUT_DFF_DATA_TABLEx[7:0] St LUTMFR-OUTDINx
51 >0—+) | e .
VRST /T 3bit LUT_MFB_SETTING[4]
3bit LUT_DFF_DATA TABLEx[2] 0 ==1LUT
b a/nQ 1 = = DFF/LATCH
3bit LUT_MFB_INO_x|
50 CLK
DFF/LATCH
*—51 S0

>0—

S1
/ébit LUT_DFF_DATA TABLEx[4]

—out2
ouT1 [3bit LUT_MFB_SETTING[1:0]
L ouTo
g 3bit LUT_MFBCLK_SOURCE[S:0] 5 | 1 wrg DATA_TABLEx[7:0]
3 \Counter DATA,
S0 < CLK
S1 o 3bit LUT_MFB_COUNT_DINx
o T 8bit Counter' >
N DLY_IN/CNT/RESET
/Fbit LUT_MFB_SETTING[3:2] }_En_nf_ig_ I_JKT_A‘:
B 12: 3-bit LUT % 8-bit Counter/Delay
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Uit LUT_MFB_INT_x
IN
i 50 NS 4bit LUT
out
— k1 51 Nt
IND
TLUT Truth Table,
. ! S0 Yubit LUT_MFB_OUT_DINx
Abit LUT_MFBLIN2x foit LT wrB oA TABLEN(5 0] | —
S0 so— i —DFF/LATCH
L \DFF/LATCH REG,
It 51 50 D
) nSET a/nd
4bit LUT_MFB_D nRST
4bit LUT_MFB_INL_x CLK DFF /LATCH
0 50
,1{ l 51
1 abit LUT_MFB_D
4bit LUT_MFB_INO_x
50 50
51 51 , 50
4bit LUT MFB. SETTING[4] bit LUT_MFB_DATA_TABLEx[4]
L—wM2MMO ] ubit LUT_MFB_SETTING[6:0]
input
M2
M5 Mg M7
et LUT_MFB N2 w 4bit LUT_MFB_CLK_SOURCE[3:0]
4bit LUT_MFB_IN & 4ibjt_LUT_MFB_DATA_TABLEx[15:0]
(=)
4bit LUT_MFB_IND_x e cLk  (Counter DATA;
S 16bit Counter gy 4bit LUT MFB_CNTOUT DiNx

L

Lbit LUT_MFB_IN3 x 50 DLY_IN/CNT/RESET

KEEP
Gbit LULMFBINZ x | |, UP  rems bR
MFB_IN1_x <2 4 b T_MF 'ITING[Z(]:U]
MFB_INO_x <3
13: 4-bit LUT B% 16-bit Counter/Delay
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SO IN3
L4bit LUT_FSM_IN3_x| IN2
Py Mas IN1 4bit LUT ouT
T | No
TLUT Truth Table,
50 wit LT FSM_DATALLS:0] | [ il
4bit LUT_FSM_IN2_X ) it
s1 DIN/RST —5L
N L A
3 Delay_IN/CNT_RESET
. 50 KEEP KEEP ouT
L4bit LUT_FSM_IN1_x| Up 8bit FSM
S1
Lbit LUT_FSM_OUT
b Clock Set CLK Counter Value BUS >

4bit LUT_FSM_CLK_SEL[3:0]

SO
4bit LUT_FSM_INO_x|

4bit LUT_FSM_FUN_SELx

E:j-'g]h:l/l}elay Counter
Bl 14: 4-bit LUT/8-bit FSM HiL & &
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8. I'CBfEED
L.S98102 fizfit 12C A5, FVF 1°C master £ TLEE N EEEF 74T, AT HE BT HC & N B 5 U S L
KR

8.1 I*C #ZHL

8. 1.1 Hurihhkisids 4

L Start Acknowledge Stop
Bus Activity bit Control Byte bit Data (n) bit

lf 2 \¢f A N l
SDALINE |S|X|x[X X%%%%é%ﬂ ack [J
A

\ j T
Y Y
Control Block
Not used, setto 0 Code Address Nob/iﬁt\ck
R/W bit = 1

B 15: ZBTHbkEREGE <

8. 1.2 FEMLEEIES

Acknowledge
.. Start bit Stop
Bus Activity “p; Control Byte Word Address (n) Control Byte Data (n) bit
* A l A A ‘
4 Ny A B
SDALINE |[s|x|x|x|X 1Ac éiiiii‘ji w |acK [acki H
Control Block No Ack
Not used, setto 0 Code Address obitc
R/ bit = 0
B 16: BFEALERETE S
b= =4 B A
8. 1.3 ¥ EEA4E 4
Acknowledge
. Start bit
Bus Activity Control Byte Data (n) Data (n+1) Data(n+2) e e e Data(n+x)
A
r = A l I'e % N /- N N f_k_\
T
sonue e s Q311 [ [ [ | [ [T Ff L[ [T HITIL oed ] ]
Control Block Stop
Code Address bit
N No Ack
Read bit bit
B 17: 5P REE4
2024/03/14
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2 7
8.2 T'C HA
P =1 B A
8.2.1 FHWHE NS
. Start Acknowledge Acknowledge Acknowledge
Bus Activity bit Control Byte bit Word Address bi Data bit
A A Al
*!" ™ ¢ s ™ l 'a ™ ¢
X|X|X|x|AAIA A A D D
SDALINE |S olglg |V [K|7|e|e|e|e e e fakiT 000 le e e kP
\ A
v J
Control Block Stop
D Not used, setto 0 Code Address bit
RIW bit=0
B 18: FHEARS
— B A
8.2.2 FFHAIR2
Acknowledge Acknowledge
_ start bit bit
Bus Activity “p,; Control Byte Word Address (n) Data (n) Data(n+1) e e e Data(n+x)
A
r - \lr A N = N7 R r—*—\
SDA LINE SIX|X|X A 2| W ack ACK] ACK| ACHe o ® ACK| P
7 Control Block St
Notused, setto 0 “=oqe Address ‘ bci,tp
Write bit

A 19: MFEANES

8.3 I°C T

. - -l r—HisH N
! o : : tow ' .y
scL \ %
. , ' - —
lsusTa :"‘_b: s Yo pat :-l—h-v: e .
:H:I"'D STA . a5 paT _ -_--: ~—t3ysT0
SDA IN O / ; X _/_\_
: : ' . ' ' :-—l-: taue
tan — toH r—————————— .

soa out JOOOOXXXX | ) S

& 20: 12CEFHE
8.4 1'C M-EALThRE
MR SR 1°C BATIERE, WAL R & EMBIWIE Esct, BIEITA 2 B ociie B AE AR
FESRBEA AT A R . X iR B A A7 A5[1861], 1°C EAN “17 RsLH, XSHRAEN S
POR 741, ¥ NVM BN 72885 . £ POR FFAIAE, &4 BT =3, B
RsEG, WA TIER[1861]/IEE HBhE N “07 .
Datasheet Revision10 2024/03/14
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9. BEZZE (Voltage Reference)

9.1 HWEZHFHE

HUER A B, % B Rk EH T 8 bit DAC, #RJEH:—MIKSNBOREY, HORREECN 1X,
2X.

9.2 HIESHEIF A

i H R V=1.23V/256 X DX Gain  (D:8 bit DAC’s Data Gain: <L >x2)
PIN3 source current >=2mA

9.3 HEZHIRAGHMEE

GND — P
DACO — P
DACL — P

PGA OUT—P

0 To PIN3
(or to PIN14)

insel<1:0> — ¥ x2 |
(2 reg bits) bypass enable
2mm?| (1 reg bit)
(1 reg bit)

K 21: HESEERGHER
10. #F L =R

FSY_CNT_Q<7:0> IN+
DCMPO To Matrix
REG0<7:0>|,
IN+
DCMP1 To Matrix
REG1<7:0>|,
& 22: DCMP
Datasheet Revision10 2024/03/14

29 of 39



lL § LINKSEE

LS98102

11. AU LE R =R (ACMP)

ACMP I NF 8 MidiE, 8/ MEIEMRESS, 4/ H 8 iE ] UAT B ERE 8 M A it o
11.1 EE s (High Speed ACMP)
« Internal VREF: 8bit DAC (=1.23V* ‘DAC data’ /256)

EXT_PIN9 —0/6%
EXT_PIN10O —O’/OF'
EXT_PIN1L —O0— 0 % —4¢

EXT_PIN12 —O’/O%ﬂ
EXT_PIN5S 0/6|N5 BUFFE 51
EXT_PING _O/OF' S0

vop —o—C =—+
PGAOUT —o— o——

Internal DAC(0~1.23V) —W
External Verf(PIN5) ——W
External Verf(PIN7) —

Floating ——®

& 23:

Maximum 4 channels can be selected in multi-sampling
mode.(4 settings for input mux.,input devider and Vref,
1 setting for input buffer)

Devider
1/2/4/5

———PACMP_OUT<0>
p————PACMP_OUT<1>
p———PACMP_OUT<2>
———PACMP_OUT<3>

RO IR LU e A% P B

11.2 {RIh#EHL 2% (Low Speed ACMP)
« Internal VREF: 8bit DAC (=1.23V* ‘DAC data’ /256)

4 channels can be selected in multi—sampling mode.

EXT_PING o— ol .
EXT_PINLO O/GINl Maximum
EXT_PIN11 °/°:ﬁ§
EXT_PIN12 o0 -

EXT PINS O/CIN1¢ Devider

VoD o—IN5 1/2/4/5

EXT_PIN7 0/0:::3

PGA_OUT oo

Internal DAC(0~1.23V)— 0
External Verf(PIN5) —Pi1

Low Speed ACMP ACMP_OUT<0>

ACMP_OUT<1>

ACMP_OUT<2>
ACMP_OUT<3>

Bl 24: {RZh#E LA B

External Verf(PIN7) P2
Floating — P13
S[1:0]
Datasheet

Revision10 2024/03/14
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12. PGA

« Gain: X1, X2, X4, X8 or X16

»  Differential Mode
Vout =[(Vin+) - (Vin_)] * Gain + Vem out
Input range: 200mV < Vemi + [(Vin, ) — (Vin—)] * Gain < Vdd — 200mV
Vemi: Input Common Mode

»  Pseudo-Differential Mode
Vout = [ (Vin,) — (Voffin_DAC) ] * Gain + Vcwm_our
Input range: 200mV < [ (vi,,) — (Voffin_DAC) ] * Gain < Vdd —200mV

»  Single Ended Mode
Vout = Vin * Gain
Input range: 200mV < Vin * Gain < Vdd — 200mV

From Matrix

PINS 10
PING 11 PDB
10 PGA OUT
DAC1 o From Ma CM_OUT
PIN13 |11 PGA To PIN4 or ACMP
input or Vrefo input
Regybit | PIN7 —$10
DACO- 10
0 {11
PIN13 P11 Reg bit

Reg'_tgit

& 25: PGA

Reg— v_ouT
FSM—}@_’
V_ouT

Reg—1 DAC1

& 26: DAC

Datasheet Revision10 2024/03/14

310f39



lL § LINKSEE

LS98102

13. iR =

Datasheet

CLK_2.5M
DIv8 >
oM CLK_20M o oIV CLK_20M_Matrix
z —
1/2/4/3/
0sC 1/2/4/8 A
o DIVE 1204737
1
1/2/4/8 8/12/24/64
2KH CLK_2K DIV DIV CLK_2K_Matrix
z —p
1/2/4/3/
05¢ 1/2/4/8 8/12/2h /64
B 27. I4RE
GND —p
CLK_20M —Pp
CLK_2.5M —Pp
CLK_2.5M_DIV8 —
CLK_2.5M_DIV64 i
CLK_2.5M_DIV512 P
CLK_2K By
CLK_2K_DIV8 R — gﬁ/sﬂ'éﬂ y
—®  FREQ_DET/
CLK_2K_DIV64 —> DLy EDCE. DET
CLK_2K_DIV512 —Pp
CLK_2K_DIV4096 —Pp
CLK_2K_DIV32768 ———PW
CLK_2K_DIV262144 ———P
CLK_2K_DIN2097152 ——P
PRECNT—END —P
Matrix_out —Pp
Bl 28: W84
Revision10

CLK_2.5M_Matrix

2024/03/14
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14. 5MEB AT £

L.S98102 S 5 42 Fft e FHI 414 T s i b 4 A9 PN 481 S 5 R A 7 2K
14.1 Matrix Source for 2KHz / 2.5MHz / 20MHz Clock

20MHz Clock >k H ¥ PIN13; 2.5MHz Clock K H T PIN5 ; 2KHz Clock 3k H T+ PIN2.
15. KRB IRIF TIRE

LS98102 Mt 7 —FARIS R INEE, MIRP AL bit[1863 14 program % “17 Z G &
Fr IO REAR SRS vl LR B e, EiEptie , A 8UR & et E B

16. POR

16. 1 Power Down

VDD(V
(V)
2V —1—
-------- 1.7V
|
v 1 V VREF Out Signal : ----- 0.8V
|
| I
|
| I
_’; “_ ’ Time
| |
Not guaranteed output state
& 29: Power Down
Datasheet Revision10 2024/03/14
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16. 2 POR 541

| 1 1 | I 1 I |
! ] ! ! I ! L !
VDD T ! ! 1 I [ i I |
L : I N >
] 1 1 1 1 1 I | t
| 1 ! ! ! L |
POR_NVM T ! 1 [ [ 1 | i
(reset for NVM) ! ' ! ! ! \ | o
I 1 1 1 I 1 I ) t
I 1 ! I ! L !
NVM_OK T ! ! — T
. : 1 ‘ : »
I 1 1 [ | 1 I | t
POR_GPI 4 ! ! ! : L
(reset for input enable) . : ' ! ! j ! .
| l 1 [ I 1 I I t
| 1 1 1 L L )
POR_LUT 4 | ! Lo T
(reset for LUT/output) : : : : : j : >
POR_CORE 4 | ! b P t
(reset for DLY/0SC | | 1 1 ! I |
/DFF /LATCH/Pipe DLY ! | 1 1 1 I | .
/ACMP /other macrocells) T ' ' ' ; ¥ \‘ ‘r ng
I 1 1 1 1 1 1
POR_Matrix T ' ! oo : i
(generate low to high to matrix) . ; 1 .
1 1 1 1 I 1 I | t
I l 1 [ I 1 I |
POR_GPO ! ! 1 1 I ! |
(reset for output enable) ! ! ! ! ! 1 I N
1 1 1 1 I 1 I | t
| 1 1 [ | 1 I |
Tl T2 T3 T4 75 T6 T7 78

30: POR 51 E

1 | 1 1 | | 1 I I
1 | 1 1 | | 1 I I
| L . L . ! 1 . )
V [ 1 [ [ ] 1 I I
| | | | | | I |
VDD T l L} 1 1 T i T
Guaranteed HIGH before POR_GPI
: ‘ S L L
T
to matrix T T T T T
1 1 1 I 1 | I
Input PIN_out _ Determined by External Signal
to matrix T T T T T
| | | | l I I
| | h . X
LUT_out _ j | Determined by Input Signals
to matrix T T r . T :
1 1 1 | 1 | I
L 1 L L
Programmable etzrm!ned py'input signals | Determined by Input Signals Start to detect input edges
Delay_out T = IN with lay : :
to matrix 1 1 1 I l I I

Edge_Detector_

out to matrix Determined by Input Signals

—» —» —» —» —>» —> —> —> —»

"1r" v " v "~ wr” ‘r" 1r" i_ “v "wv "y

T T T T T

| 1 1 1 1 I I

1 L L L

DFF/Latch_out -ﬁ'ﬂ:& by Determined by Input Signals

to matrix : . .
1 1 1 I 1 | I

I 1 1 i i

Delayﬁout mmml signals Determined by Input Signals Start to detect input edges

to matrix = ax T T

| 1 1 1 | I I

| i 1 l | i |

1 1 1 -

[
to matrix 1 T T T T T

1 1 1 I 1 | I

Tri—state ! ! ! ! ! | I

| \ 1 X X ! | Determined by Input Signals

Ext.GPO T T T T T T T

| 1 1 1 1 I I

T2 T3 T4 715 6 T7 T8

31: Internal Macrocell States during POR sequence
e 30 R 31 /) T1-T8 ——Xf .
Datasheet Revision10 2024/03/14
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17. Virtual Memory

17.1 Virtual Memory Input

12C A] DL register bit [991:984] 5 A\ F 44 ) input <23:16>.

17.2 Virtual Memory Output
1°C mJ LU register [999:992] 52 H AT s, DL R ZAHKALEA S B

Datasheet

Pipedly Outputs

MFB Counter LCounter B _Q=<7:0=>
@ Outputs Counter 7 Q=<7:0=

Main Matrix Input=7:0>

Main Matrix Input<15:8=
Main Matrix Input<23:16=>

00
001

Main Matrix Input=31:24=

10

Main Matrix Input<39:32=>
Main Matrix Input=47:40=

11
100

T~

S

Main Matrix Input<55:48=>

101

Main Matrix Input<63:56=>

110

1002:1000] -

™~

Sub Matrix O Input=7:0>

111

Sub Matrix 0 Input<15:B>

00

Sub Matrix 0 Input=23:15=>

01

Sub Matrix 0 Input=31:24>
Sub Matrix 1 Input<7:0>

10
011

Sub Matrix 1 Input=15:8=

100

Sub Matrix 1 Input=23:15>
Sub Matrix 1 Input<31:24>

101
110

111

1005:1003

Plepedly 0_Q<=7:0=

Piepedly 0_Q<15:8>

Piepedly 1 Q<7:0>

Plepedly 1_Q<=15:8>

1007:1006

GND

GND

GND

FSM Counter_Q=7:0=>

11

Counter 10_Q<7:0=

Counter & Q=<7:0>

Counter & Q<=7:0>

Counter 5_Q=7:0=>

Counter &_Q<7:0>

Counter 3 Q=7:0=>

Counter 2_Q<7:0=>

Counter 1 _Q=7:0=

Counter 0_Q=15:8=
Counter 0_Q=7:0>

1111
1011:1008

K 32: Virtual Memory Out

Revision10

[1013:1012

Output Top Mux

2024/03/14
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18. HEER

[ (o} [
14 | Bl e/2 H—] ‘
i 6 7|
: i |
| i ¢
i |
/' |
PIN 1 CORNER —|_ . ... J :—E’— |:
4 [ o
] L
— 14X b
mn
; 12
PIN 1 1.0.— | |
—Li—] 13 «—‘ 12% L |——
-2 BOTTOM WVIEW
& aaa[C] - - -
TOP VIEW
el [ES[eee]c]
»—[C]
SEATING PLANE SYMBOL MIN NOM MAX
I TOTAL THICKNESS A 0.5 0.55 0.6
i STAND OFF Al 0 0.02 0.05
i MOLD THICKNESS a2 - 0.4 —_——
il L/F THICKNESS A3 0.152 REF
th LEAD WIDTH b 0.13 0.18 0.23
q BODY SIZE X D 1.6 BSC
i | Y E 2 BsC
i LEAD PITCH e 0.4 BSC
N EIL’_ _ L 0.25 0.3 0.35
i LEAD LENGTH L1 0.2 0.3 0.4
I L2 0.35 0.4 0.45
ﬂ PACKAGE EOGE TOLERANCE 040 0.1
Ll MOLD FLATNESS cee 0.1
H COPLANARITY eee 0.05
| bbb 0.07
: LEAD OFFSET
| ddd 0.05
||
R ] Al
= =3
A
SIDE VIEW
Bl 33 HfRHERIA
Datasheet Revision10 2024/03/14
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19. 7T R
19. 1 Ay A 35 0

& 9: Package Type

Units/package | Reel & Leader (min) Trailer (min) Tape | Part
Package N:;'fm Package Hub \{V'd”f '[D'tC']
Type : Size [mm] Size Length Length mm mm
Pins SPQ | 1Box [mm] Pockets [mm] Pockets [mm]
TQFN-14L| 14 | 1.6x2x0.55 | 3000 | 3000 |178/54| 30 120 140 560 8 4
1.6X2mm
S -
19. 2 # & 5 R
REEL DIMENSIONS TAPE DIMENSIONS
|<— KO 4—P1—»
AR Y R T
o| |e o|( 8o W
Reel d i
Diameter
Cavity > AD [«
[ [
t Reel Width (W1)
Bl 34: Ay R~THE
* 10: AR
AO Dimension designed to accommodate the component width 1.76mm
BO Dimension designed to accommodate the component length 2.16mm
KO Dimension designed to accommodate the component thickness 0.73mm
W Overall width of the carrier tape 8.00mm
w1 Reel Width 9.50mm
PO Pitch between Index Hole Pitch 4.00mm
P1 Pitch between successive cavity centers 4.00mm
Datasheet Revision10 2024/03/14
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20. Recommended Reflow Soldering Profile

Please see IPC/JEDEC J-STD-020

20. 1 Recommended Land Pattern

DAI Recommended Land Pattern

Facing Dow Up facing down from Package top

1.6mm x 2. 0mm

TQFN-14
1.6 < 1.9 )
i > P B 0.97 g
14 | i I R ]
v U U o L L )
04, «_[0.565 1
IW —] - IE:: -
0.4 0.4
R — L1 8 B e G D I
018014 ] ] 021004 § T ] 1
S : - — ! = et ~
= [ [ =10
R i ol R
f—> > 0.465(x13) <
0.3(x13) 0.4 0.4
35: Recommended Land Pattern
Datasheet Revision10 2024/03/14
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21 E1Th R
F11l: BITHSE
IS B B H#
ROL | #MURhRA B 2023-02-23
LENHEESERIED D, ESHEUE (P36) .
RO2 | ) marahts o T4 A, BO. KOSKEA/N (P37) Bl | 2023-06-05
1.MB& P10, P13, P16 1 Von/Vou/lon/loL #H3€ A9 4X Drive &4
2.MB% P11, P14, P17 8§ MACMP 18X HIN S, .
RO3 3.7 P12, P14, P17 3 5-3 7 /b Vref Out Characteristics 18110 g 2023-06-07
Vref DACoffset {15
RO4 | IHA P10-P18 1 34 TEAFMSHAR Bt 2023-06-08
1.5 57 3.4 T S41 10 11k Reup 5 Reown A9 Max F1 Typ & .
RO5 |5 \ref Out Characteristics BB SHEH, UERISEFE & 2023-06-21
RO6 | EFTEIE 33 F1 12> 2 14>b p9$EiL (P36) B 2023-07-14
RO7 | E#FRS5ERT7H VoY Max{& (P10-P18) B 2023-07-20
1.5 X & 21 #"To PIN4 or to PIN14" 25"To PIN3 or to PIN14"(P29)
R0O8 2.3< 6 1 VoL 19 2X Drive Push-Pull {& 0.27V 24 0.22V (P13) Ean 2023-12-05
3.PGA Zh4r 110 Input Range AN A (P31)
1. ¥ #%k 5 £3% 7 © ACMPH/ACMPL Specifications fJ Gain Z£{&
X% VACMP Z-%'Negative Input' &4 T8 [ESeEI N IZH 0~1V &
% 0~1.23V(pll. pl4. P17)
RO9 | 2. 4RIEMXIINMEHRFIESR 5 5% 7 & 10 PIN 121k VL 41 'Low- 4 | 2024-01-08
Level Logic Input' &4 T Max &4 52 0.58 E#14 0.68. 0.63
b 0.75. 0.71 FE#5 0.85 (P10, P13, P15)
3L 9.1 Bt gt N EIB AR (P29)
1.k83% 1 A PIN7 g9'GPIO6 % H ##id'
2. RIBRHEURESITESR 5 £ 7 F 10 PIN 1Rk VL 53] 'Low-
Level Logic Input' &4+ T8 Max {8, 952 0.68 E#7:4 0.70.
0.75 F#5 0.77. 0.85F#H4 0.86 (P10, P13, P15)
3. % 5-3 7 1 ACMPH/ACMPL #&1'Vref S5 H'+1.5% FHH'+
R10 1.7%' =3 2024-03-14
4, RIFEE N E £ R EF R 5-3k 7 9 Vref Out Characteristics 21"
VrefAccuracy ‘\ ' Vl’ef DACoffset I\ ! POWGI’ Consumptlon |§i1§
(P12. P15, P17)
5. Z IREIR X T'FSM' B Tt {7 B qi A (P24)
6. 31 'Internal Macrocell States during POR sequence'iIn¥ Bl $ri2
Datasheet Revision10 2024/03/14
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