SY33519

Mixed-Signal Programmable Logic Device
S/IERGY

1 General Description 3 Features

The SY33519 is a programmable logic device with mixed- e 18 General-Purpose I/O (GPIO) Pins
signal functions. It provides configurable logic, flexible
control, and mixed-signal generation functions. It serves
as an ideal replacement for discrete logic circuits, acting e Nine 3-bit LUTs
as a companion device for complex systems. It helps
reduce PCB size, lower BOM costs, and provide a fast
and cost-effective solution for specific applications. e Four DFF/Latches

e Nine 2-bit LUTs

e One 4-bit LUT

2 Applications ¢ Nine CNT/Delays: Two for 16-bit CNT/Delays,

o Computers and Servers Seven for 8-bit CNT/Delays

e  PC Peripherals ¢ Two Analog Glitch Filters
*  Smart Phone e One Asynchronous State Machine (ASM)

e Handheld Terminals
e Four Analog Comparators (ACMP)

e  Consumer Electronics
¢ Embedded Crossbar for Application Flexibility
¢ On-Chip Voltage References (Vref)
e On-Chip RC Oscillators: 25kHz, 2MHz, 25MHz
e Serial Communication Interface by I1°C or UART

e 20-Pin QFN (2x3x0.55mm) Package

® MSL Rating: MSL1
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4 Ordering Information

Ordering Part

Number Package Type Top Mark

SY33519VYQ QFN2x3-20 HQHxyz

Note. x=year code, y=week code, z=lot number code.

6 Pin Description

5 Pinout (Top View)
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Pin Number Pin Name Pin Description
1 VDD Power pin.
GPIOO General Purpose input pin.
3 GPIO1 General Purpose 1/0 pin.
4 GPIO2 General Purpose I/O pin.
5 GPIO3 General Purpose I/O pin.
6 GPIO4 General Purpose 1/0O pin or ACMPO IN+.
7 GPIO5 General Purpose 1/0 pin or ACMPO IN-.
8 GPIO6/SCL/RXD General Purpose 1/0O pin or I2C SCL or UART RXD.
9 GPIO7/SDA/TXD General Purpose 1/O pin or I2C SDA or UART TXD.
10 GPIO8 General Purpose 1/0O pin or ACMP1 IN+.
11 GND Ground pin.
12 GPIO9 General Purpose I/0O pin or ACMPL1 IN-.
13 GPIO10 General Purpose I/O pin or ACMP2 IN+.
14 GPIO11 General Purpose 1/0 pin or ACMP2 IN-.
15 GPIO12 General Purpose 1/0 pin or ACMP3 IN+.
16 GPIO13 General Purpose I/O pin.
17 GPIO14 General Purpose I/0 pin.
18 GPIO15 General Purpose I/O pin.
19 GPIO16 General Purpose I/O pin.
20 GPIO17 General Purpose I/0 pin or External Clock Input.
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7 Functional Block Diagram and Application Circuit

GPIO17 GPIO16 GPIO15
X 2 ¢
+
[ > -
voo L = ] GPIO14
» LUT/DFF >
GPioo [ + > GPI013
| o> B
GpPlo1 [ ™ CNT/Delay ™ X GPIo12
ACMP
CrossBar
Gpio2 [X n ) X GpPlo11
e
J Deglith Filter >
GpIo3 [X X GPIO10
+
e
GPIo4 X — 1 ASM > X GPIOY
GPIos X X GND
CTRL REG
High OSC
Mid OSC POR EEPROM GPIO CTRL
Low OSC VREE 12C UART
¢ 2 X
GPIOB/SCL/RXD GPIO7/SDAITXD GPI0O8
Figure 7-1. Simplified Block Diagram and Application Circuit
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8 Absolute Maximum Ratings
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Parameter (Note 1) Min Max Unit
VDD -0.3 6

DC Input Voltage GND-0.3 [Vvop +0.3 v
Junction Temperature 150 .
Storage Temperature Range -65 150 ¢
ESD: HBM (Human Body Model) 2000 \%
ESD: CDM (Charged Device Model) 1000 \%

9 Thermal Information

Parameter (Note 2) Value Unit
Power Dissipation, PD at Ta = 25°C 0.497 w
8 Junction-to-Ambient Thermal Resistance 161 5

B3¢ Junction-to-Case (Top) Thermal Resistance 20 cw

10 Recommended Operating Conditions

Parameter (Note 3) Min Max Unit
VDD Supply Voltage (VDD range 2) 3.0 3.6 \%
VDD Supply Voltage (VDD range 3) 4.5 55 V
GPIOx and Digital Input 0 Vvbp V
ACMPx and Analog Input 0 Vvbp \%
Junction Temperature Range -40 105 °C
Ambient Temperature Range -40 85 °C
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11 Electrical Characteristics
(Ta=25°C, unless otherwise specified)
11.1 General Specs with Vvop =3.3V

Parameter Symbol Test Conditions Min Typ Max Unit
Power and Operation Conditions
Supply Power Voltage Vvbp 3 3.3 3.6 \%
?ﬁf’eﬂﬁ OF;SW” Voltage POR Vror 1.41 1.54 1.66 v
?ﬁfepslﬁoplgwer Voltage UVLO Vbb_uvio 1 1.34 157 Vv
Default Operation Current INOR ?Jﬁ{,?ggergn?rﬁggiﬂgn Voo 130 MA
Input / Output
Normal input 1.81 Vvbp Vv
Input High Voltage ViH Schmitt trigger input 2.14 Vvbp \%
Low voltage input 1.06 Vvbp \%
Normal input 0 1.31 \%
Input Low Voltage ViL Schmitt trigger input 0 0.97 \%
Low voltage input 0 0.67 \%
Push-pull, lon=3mA, normal drive 2.61 3.1 \Y
Output High Voltage Von
Push-pull, lon=3mA, high drive 2.8 3.2 \Y
Push-pull, lo.=3mA, normal drive 0.13 0.23 V
Push-pull, lo.=3mA, high drive 0.06 0.11 V
Output Low Voltage VoL
Open-drain, lo.=3mA, normal drive 0.08 0.15 V
Open-drain, lo.=3mA, high drive 0.04 0.08 V
1M pull up 1 MQ
Pull Up Resistance Rpu 100kQ pull up 100 kQ
10kQ pull up 10 kQ
1MQ pull down 1 MQ
Pull Down Resistance Rpp 100kQ pull down 100 kQ
10kQ pull down 10 kQ
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11.2 General Specs with Vvop =5.0V

Parameter Symbol Test Conditions Min Typ Max Unit
Power and Operation Conditions
Supply Power Voltage Vvbp 45 5 5.5 \%
Supply Pawer Voltage POR Veor 1.41 1.54 1.66 v
?ﬁfeﬂ%’;gwer Voltage UVLO Vbb_UvLo 1 1.34 157 Vv
Default Operation Current INnor ﬁj\;e[:z)ggiamice d ;T;;ent on  Vveo 150 MA
Input/Output
Normal input 2.68 Vvbp \%
Input High Voltage ViH Schmitt trigger input 3.34 Vvbp \%
Low voltage input 1.15 Vvbp \%
Normal input 0 1.96 \%
Input Low Voltage ViL Schmitt trigger input 0 1.41 \%
Low voltage input 0 0.77 \%
Push-pull, lon=5mA, normal drive 4,14 4.76 \Y
Output High Voltage Von
Push-pull, lon=5mA, high drive 4,32 4.89 \Y
Push-pull, lo.=5mA, normal drive 0.19 0.24 \Y
Push-pull, lo.=5mA, high drive 0.09 0.12 \Y
Output Low Voltage VoL Sg?é?g?;CéIOLZSmA’ 0.12 0.16 v
Open-drain, lo.=5mA, high drive 0.07 0.08 \Y
1MQ pull up 0.8 MQ
Pull Up Resistance Rpu 100kQ pull up 100 kQ
10kQ pull up 10 kQ
1MQ pull down 0.8 MQ
Pull Down Resistance Rpp 100kQ pull down 100 kQ
10kQ pull down 10 kQ
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11.3 ACMP Specs
Parameter Symbol Description Test Conditions Min Typ Max | Unit
Analog Comparator (ACMP)
ACMP Input Voltage| Vacwep | Positive Input 0 Vvob \%
Range Vacwe_n | Negative Input 0 Vwool2 |V
Low Bandwidth - Enable, Ta= 25°C -10 10 mV
Vhys =0 mV, Gain=1, ~ ; o
ACMP Input Offset| ., Vrer = 50~1200mV Ta=-40°C to +85°C -11.9 117
Voltage OFFSET ['Low Bandwidth - Disable, Ta= 25°C -10 10 mv
Vhys =0 mV, Gain =1,
Vier = 50~1200 mV Ta= -40°C to +85°C -11.9 11.7
— Ta =25°C,
x:*LYf ;/RZE5F r_n\\//HYS P Low Bandwidth Enable 732 355 v
_ Ta =25°C,
Vin = Vrer + Vivs /2 Low Bandwidth Disable 10 385
_ Ta = 25°C,
x:if ;/:Einj\\//ws Low Bandwidth Enable 42.9 58.7 v
Vin = VRer Ta=25°C, . . 44.2 54.3
Low Bandwidth Disable
_ Ta = 25°C,
x:*LYi ;/RZEOFO r\n/HVYS Low Bandwidth Enable 169 241 iy
Vin = Vier v Buaiwicth Disable 170 240
Built-In Hysteresis VHys — Ao o
Vivs = 25 mV Ta=-40°C to +85°C, 0 58
ViL = Veer - Viivs /2 Low Bandwidth Enable mv
ViH = VRer + Vhys /2 Ta=-40°C to +85°C, 0 52.9
Low Bandwidth Disable
— Ta =-40°C to +85°C,
xr{i :/:E(irr_]\\//ws Low Bandwidth Enable 22.5 86.9 iy
Vi = Vrer Ta=-40°C to +85°C, 29.2 76.5
Low Bandwidth Disable
_ Ta = -40°C to +85°C,
xr{i ;/fEOFO_ r\n/:/ys Low Bandwidth Enable 157.1 2516 mv
ViH = VRer Ta =-40°C t_O +85. C, 160.2 245.3
Low Bandwidth Disable
Gain = 1x 130 MQ
Series |nput Rsn Gain = 0.5x 0.6 MQ
Resistance Gain = 0.33x 0.6 MQ
Gain = 0.25x 0.6 MQ
Gain=1,Vwp =33V 1
Gain=1,Vwp =5V
. Gain=0.5, Vwop =3.3V -0.96% 0.82%
Gain Error -
(including Threshold| . .~ |Gain=05, Vvop =5V Ta= -40°C to +85°C -1.04% 0.90% |
and Internal Vger Gain = 0.33, Vwop = 3.3V | Vrer = 50~1200 mV -1.95% 1.69%
Error
) Gain=0.33, Vwob =5V -2.03% 1.77%
Gain =0.25, Vvop = 3.3V -1.98% 1.80%
Gain =0.25, Vwop =5V -2.12% 1.90%
Low Bandwidth - Disable, | Low to High, Ta=-40°C to +85°C 5 32.62 | us
Gain = 1, Vvop =3.3-5.5V, [ — -
Propagation Delay, PROP Overdrive=5 mV High to Low, Ta=-40°C to +85°C 5.24 | 33.88 VS
Response Time Low Bandwidth - Enable, Low to High, Ta= -40°C to +85°C 30.62 | 167.56 | pus
Gain =1, Vvop =3.3~5.5V, i
Overdrive=5 mv High to Low, Ta=-40°C to +85°C 33.54 | 1814 | s
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Low Bandwidth Disable,
i I I N
Consumption lemp Vvop Z5V__
(Note 5) Low Bandwldth Enabl_e, B
Hysteresis: 25n_1v, Gain=1, ) 210 ) uA
Output Latch Disable,
Vvop =5V
Vvop=3.3V+10% Ta=25°C -0.59 0.58
VRrer = 1200 mV Ta= -40°C to +85°C -2.30 2.20
Voo =5V + 10 % Ta =25°C -0.64 0.60
VRrer = 1200 mV Ta= -40°C to +85°C -2.20 2.30
Voo = 3.3V £ 10 % Ta=25°C -0.59 0.58
Vrer = 1000 mV Ta= -40°C to +85°C -2.30 2.30
Internal Vrer Error VRer %
Vvob =5V + 10 % Ta=25°C -0.67 0.64
Vrer = 1000 mV Ta= -40°C to +85°C -2.20 2.40
Vvop = 3.3V +10 % Ta=25°C -0.63 0.63
VRrer = 500 mV Ta= -40°C to +85°C -2.50 2.40
Vvop =5V + 10 % Ta=25°C -0.72 0.70
VRrer = 500 mV Ta= -40°C to +85°C -2.38 2.40
wiiﬁrgz'mp\éﬁgfurem'“ Ta= -40°C to +85°C 45 45 | %
égxfel Current '2‘;?216— With IN+ 10KQ Rioas, Vvpp =5V | 80 130 | pA
11.4 Oscillators Specs
Parameter ‘ Symbol Test Conditions Min Typ Max Unit
High Frequency RC Oscillator (HOSC)
HOSC Frequency fu Ta=25°C 24 25 26 MHz
HOSC Frequency Drift Ta =-40°C to +85°C -4 4 %
HOSC Power Consumption (Note 5) Full voltage range 100 MA
Mid Frequency RC Oscillator (MOSC)
MOSC Frequency fm Ta=25°C 1.95 2 2.05 MHz
MOSC Frequency Drift Ta =-40°C to +85°C -3 - 3 %
MOSC Power Consumption (Note 5) Full voltage range 30 MA
Low Frequency RC Oscillator (LOSC)
LOSC Frequency fL Ta=25°C 24 25 26 kHz
LOSC Frequency Drift Ta =-40°C to +85°C -4 - 4 %
LOSC Power Consumption (Note 5) Full voltage range 10 MA
11.5 Deglitch Filter Specs
Parameter Symbol Test Conditions Vvbp=3.3V Vvbp=5V Unit
Filtered Pulse Width for Deglitch FilterO tpulseo Ta=25°C <180 <180 ns
Filtered Pulse Width for Deglitch Filterl tpulse1 Ta=25°C <110 <110 ns

SY33519 Rev.1.0
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11.6 ASM Specs
Parameter Symbol Test Condition Min Typ Max Unit
ASM ¢ Vvop = 3.3V £ 10% - 25 - ns
Output Delay Time SO N oo = 5.0 V £ 10% - 20 - ns
ASM t Vvop = 3.3V = 10% 10 - - ns
Input Pulse Acceptance Time st_pulse Vvob = 5.0 V + 10% 10 - - ns
ASM Vvop = 3.3 V £ 10% -- - 15 ns
Input Complete Time s comp Vvop = 5.0 V + 10% - - 15 ns
11.7 I2C Specs
Parameter Symbol Test Conditions Min Typ Max Unit
I°C Interface-100kHz
Clock Operation Frequency fscL SCL Duty=50% 100 kHz
4 us
START Condition Hold Time tHD:STA 4"17 ﬂz
4.7 us
DATA Hold Time (SDA Input) tHD:DAT 0 ns
DATA Setup Time (SDA Input) tsu:DAT 250 ns
Clock Rise Time tr 10%-90% 1000 ns
Clock Fall Time tr 90%-10% 300 ns
Setup Time STOP Condition tsu:sTo 4 us
BUS Free Time Stop to Start teur 4.7 us
I2C Interface-400kHz
Clock Operation Frequency fscL SCL Duty=50% 400 kHz
START Condition Hold Time tHD:sTA 0.6 us
Low Period of the SCL Clock tLow 13 us
High Period of the SCL Clock tHIGH 600 ns
SETUP Condition Hold Time tsu:stA 600 ns
DATA Hold Time (SDA Input) tHD:DAT 0 ns
DATA Setup Time (SDA Input) tsu:pAT 100 ns
Clock Rise Time tr 10%-90% 300 ns
Clock Fall Time tf 90%-10% 300 ns
Setup Time STOP Condition tsu:sto 0.6 us
BUS Free Time Stop to Start teur 13 us

Note 1: Stresses beyond the “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress
ratings only. Functional operation of the device at these or any other conditions beyond those indicated in the operational
sections of the specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

Note 2: 84 is mounted on low effective single layer PCB and tested under still air.
Note 3: The device is not guaranteed to function outside its operating conditions.

Note 4: Unless otherwise stated, limits are 100% production tested under pulsed load conditions such that Ta= Ty = 25°C.
Limits over the operating temperature range (see recommended operating conditions) and relevant voltage range(s) are
guaranteed by design, test, or statistical correlation.

Note 5: Guaranteed by design or statistical correlation and not production tested.
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12 Function Description
12.1 /O Pins

There are a total of 18 multi-function 1/O pins. The GPIOO0 (PIN2) can only serve as a digital input pin while the others can
serve as both digital input and digital output.

SY33519

12.1.1 GPIOO
GPIOO0 Register Definition (GPIO0 has no pull up option)
Function Register bit | Register Description
00: Floating
01: Pull Down 10kQ
Pull Down Resistor Value Selection 2
10: Pull Down 100kQ
11: Pull Down 1MQ
00: Digital Input without Schmitt Trigger
01: Digital Input with Schmitt Trigger
Input Mode Control 2 —
10: Low Voltage Digital Input
11: Reserved
Normal Input
Schmitter Trigger Input
DIG_IN s
SMT_EN
Low Voltage Input
LV_EN
IE
™ paD
10Kohm
3
900Kohm =
Floating
Figure 12-1. GPIOO Block Diagram
SY33519 Rev.1.0 Silergy Corp. Confidential- Prepared for Customer Use Only 10
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12.1.2 GPIO1~17
GPIO1~17 Register Definition

Function

Register Bit

Register Description

Pull Up/Down

1

0: Pull Down

1: Pull Up

Pull Resistor Value Selection

00:

Floating

01:

10kQ

10:

100kQ

11:

1MQ

Input Mode Control

00:

Digital Input without Schmitt Trigger

01:

Digital Input with Schmitt Trigger

10:

Low Voltage Digital Input

11:
disable) (Note 6)

Analog input/output (digital output disable, digital input disable, and pull

Output Mode Control

00:

Push Pull Normal Drive

01:

Push Pull High Drive

10:

Open Drain Normal Drive

11:

Open Drain High Drive

Note 6: The analog function is only available when GPI104/5/8/9/10/11/12 are used as ACMP inputs. If any other GPIOs are
used, the analog function cannot be utilized.

SY33519 Rev.1.0
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Normal Input

Schmitter Trigger Input

DIG_IN -

SMT_EN

Low Voltage Input

LV_EN

ANA_IN - Xl PAD

Push Pull Output

Ny

ODE
DIG_OUT > {>c OE

VDD

I

MUX

Floating

Figure 12-2. GPIO1~17 Block Diagram
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12.2 Analog Comparators (ACMP)

There are four Analog Comparator (ACMP) blocks in the device. The power up signals (ACMPx_pdb) must be active before
the ACMP starts operation.

The IN- voltage range for all ACMPs is limited to: 0 to Vvop /2 with a recommended input range of O to 1.2V.

Each ACMP cell includes a hysteresis selection, with options of OmV, 25mV, 50mV, or 200mV. All hysteresis options are
one-way hysteresis, which means that the actual thresholds will be Vrer (high threshold) and Vrer - hysteresis (low threshold).
If the input voltage falls within the threshold window (between Vrer and Vrer - hysteresis), the ACMP output retains its
previous value.

The ACMP1 IN+ path includes an additional option that supports a 1004A current source. The source loading should be
less than 16kQ.

ACMPO reg<4>

ACMPO reg<1:0>
ACMPO reg<6:5>
ACMPO reg<3:2> Low

00 bandwith

Hysteresis
Selection

ACMPO(+) o1
Gain:

-+
1X, 0.5X, 0.33X, 0.25X
External VDD 3V ~5.5V 10 T
ACMPO

to ACMP1, ACMP2,
ACMP3’s MUX input

to connect matrix

ACMPO(-) PAD

ACMPO(-)/2 PAD

ACMP1(-) PAD PDB
ACMPOQ 7
ACMP1(-)/2 PAD eastz

Internal from connect matrix Latch Enable
Verf
Vref0 reg<4:0>
Figure 12-3. ACMPO Block Diagram
VDD
100uA

ACMP1 reg<4>

current

source ACMP1 reg<1:0> —‘ ACMP1 reg<6:5>
ACMP1 reg<3:2> Low —‘

00

bandwith

Hysteresis
Selection
ACMP1(+)

01 Gain:
From ACMPO's MUX output ™ 1k osx anx 0osx |1
10 055X, 0.33X, 0.
External VDD 3V ~ 5.5V 1

ACMP1

to connect matrix

ACMP1(-) PAD

ACMP1(-)/2 PAD

ACMP1(-) PAD
ACMP1 reg<7>
ACMP1(-)/2 PAD

Internal from connect matrix Latch Enable
Verf
Vrefl reg<4:0>
Figure 12-4. ACMP1 Block Diagram
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ACMP2 reg<4>

ACMP2 reg<1:0>
ACMP2 reg<6:5>
ACMP2 reg<3:2> Low
00

bandwith

Hysteresis
Selection
ACMP2(+)

01 Gain:
From ACMPO's MUX output 10 1X, 0.5X, 0.33X, 0.25X +
External VDD 3V ~ 5.5V 1
ACMP2
to connect matrix
ACMP2(-) PAD
ACMP2(-)/2 PAD
ACMP1(-) PAD PDB
ACMP2 reg<7>
ACMP1(-)/2 PAD
Internal from connect matrix Latch Enable
Verf 1
Vref2 reg<4:0>
Figure 12-5. ACMP2 Block Diagram
ACMP3 reg<4>
ACMP3 reg<1:0>
ACMP3 reg<6:5>
ACMP3 reg<3:2> Low
00 bandwith
Hysteresis
Selection
ACMP3(+)
01 Gain: +
From ACMPO's MUX output 10 1X, 0.5X, 0.33X, 0.25X
ACMP2(+) 11 ACMP3
to connect matrix
ACMP2(-) PAD
ACMP2(-)/2 PAD
ACMP1(-) PAD PDB
ACMP3 reg<7>
ACMP1(-)/2 PAD
Internal from connect matrix Latch Enable
Verf

Vref3 reg<4:0>

Figure 12-6. ACMP3 Block Diagram

12.3 RC Oscillator

The device includes three RC oscillators (OSC) for different applications: 25kHz OSC, 2MHz OSC, and 25MHz OSC.
Only one of three OSC modules can be active during operation.

By default, the 2MHz OSC functions as the primary clock source after power-on.

The oscillator can be bypassed using an external clock sourced from PIN20.

The OSC clock output features a pre-divider (1/2/4/8) for subsequent functions, while each sub-function has a post-
divider (1/2/4/8/16/32/64/128) for further adjustments.

All clock oscillators outputs are stable after the start-up time. The typical start-up times are: 1.5us for 25MHz, 2.5us for
2MHz, and 30us for 25kHz. This delay must be considered after Power-On Reset (POR) or when waking up from OSC
power-down mode.
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The diagram of the OSC is shown below:

12/

™ wsiepeanzs | T SNUPEYO
0SCO_25KHz ||
PDB
From Connection Matrix Oumurgf g o o
PDBE&(sel=00)|(seli=00) ai8116/320641128 |
0SC1_2MHz ——*
oot S 12/
> ™ CNT/DLY 5
PDB&(sel=0D)|(sel=01) | & | » 1948 | 418/16/32/64/128
0SC2_25MH _
Z -
4* 4/8/16/32/64/128 —»  DFF/Latch 0
PDB&(sel=10)|(sel!=10) =
Y asriem2reanze [ | Drrkathl
External clock ———»
12/

¥ agii6m2ieai12s [ T Drachs

172/
4/8/16/32/64/128

— 12C

Figure 12-7. RC Oscillator Block Diagram

12.4 Deglitch Filter

The device has two deglitch filters with edge detector functions. A simplified block diagram is shown below:

Filter/Edge Detect O

—1=0 >
R ¢ L to connect matrix

Filter/Edge Detect 1

—1 >
R ¢ L to connect matrix

Figure 12-8. Deglitch Filter Block Diagram

from connect matrix

from connect matrix

12.5 2-Bit LUT

The device includes nine 2-bit LUTs. Each 2-bit LUT receives two input signals from the connection matrix and produces a
single output, which goes back into the connection matrix. The output of each LUT can be configured to perform one of the
following logic operations: AND, NAND, OR, NOR, XOR, XNOR, or Inverter.

from connect matrix

™ INO )

to connect matrix
2-bit LUT our

from connect matrix

. IN2

Figure 12-9. 2-Bit LUT Block Diagram
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2-Bit LUT Truth Table:
IN1 INO ouT
0 0 LUT register bit 0
0 1 LUT register bit 1
1 0 LUT register bit 2
1 1 LUT register bit 3

2-Bit LUT Register Bit Settings for AND, NAND, OR, NOR, XOR, XNOR:

INPUT LUT Register Bits
IN1 INO OUT=AND OUT=NAND OUT=0R OUT=NOR OUT=XOR OUT=XNOR Note
0 0 0 1 0 1 0 1 LSB bit
0 1 0 1 1 0 1 0
1 0 0 1 1 0 1 0
1 1 1 0 1 0 0 1 MSB bit

12.6 3-Bit LUT

The device includes nine 3-bit LUTs. Each 3-bit LUT receives three input signals from the connection matrix and produces
a single output, which goes back into the connection matrix. The output of each LUT can be configured to perform one of
the following logic operations: AND, NAND, OR, NOR, XOR, or XNOR.

from connect matrix
e

INO _

to connect matrix

from connect matrix 3-bit LUT ouT

T N

from connect matrix
4 IN2

Figure 12-10. 3-Bit LUT Block Diagram

3-Bit LUT Truth Table:

IN2 IN1 INO ouT
0 0 0 LUT register bit 0
0 0 1 LUT register bit 1
0 1 0 LUT register bit 2
0 1 1 LUT register bit 3
1 0 0 LUT register bit 4
1 0 1 LUT register bit 5
1 1 0 LUT register bit 6
1 1 1 LUT register bit 7
SY33519 Rev.1.0 Silergy Corp. Confidential- Prepared for Customer Use Only 16
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3-Bit LUT Register Bit Settings for AND, NAND, OR, NOR, XOR, XNOR:
INPUT LUT Register Bits
IN2 IN1 INO OUT=AND OUT=NAND OUT=0OR OUT=NOR OUT=XOR OUT=XNOR Note
0 0 0 0 1 0 1 0 1 LSB bit
0 0 1 0 1 1 0 1 0
0 1 0 0 1 1 0 1 0
0 1 1 0 1 1 0 0 1
1 0 0 0 1 1 0 1 0
1 0 1 0 1 1 0 0 1
1 1 0 0 1 1 0 0 1
1 1 1 1 0 1 0 1 0 MSB bit

12.7 DFF or Latch

There are four DFF (D flip-flop)/Latch blocks in the device. Each DFF/Latch receives three input signals from either a pad
or the connection matrix and produces a single output, which goes back into the connection matrix. The DFF/Latch blocks
can also be cascaded for implementing more complex logic.

e DFF (D Flip Flop): CLK is rising edge triggered, then Q = D; otherwise Q will not change. The output of DFF will
remain low before POR is ready.

e Latch: When CLK is low, then Q = D; otherwise Q retains its previous value (input D does not affect the output when

CLK is high).
DFF/Latch
from connect matrix - N Lateh
fromconnectmatrix | | | RSTB ouT to connect matrix
from connect matrix | CLK
0SCO0_25KHz
7 DFF
0SC1_2MHz > N
—_—»
0SC2_25MHz = 1/2/4/8 »| RSTB out ||
—_»
External clock W 2are]
» 16/32/ —» CLK
64/128
Figure 12-11. DFF/Latch Block Diagram
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For the timing behavior of the DFF in different operating conditions, please refer to the following figure:

Signal In

Clock

nReset

Cutput

Signal In

Clock

nReset

COutput

Signal In

Clock

nReset

Output

1 2 3 4 5 L] T & ] 10

|

Figure 12-12. DFF Mode Reset Value=0

Figure 12-13. DFF Mode Reset Value=1

Figure 12-14. Latch Mode Reset Value=0

SY33519 Rev.1.0
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1 2 3 4 £ 8 7 8 ) 10

Signal In J

Clock + A A A A A A i i i

nReset

Output

Figure 12-15. Latch Mode Reset Value=1
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12.8 CNT/Delay

The device includes a total of nine Counter/Delay blocks consisting of seven 8-bit CNT/DLY and two 16-bit CNT/DLY
modules. Each CNT/DLY receives two input signals and generates a single output, which goes back into the connection
matrix.

The two 16-bit CNT/DLY modules feature an additional pause function: the pause control input of 16-bit CNT/DLYO is shared
with DFF/Latch2, the pause control input of 16-bit CNT/DLY1 is shared with DFF/Latch3.

The CNT/DLY clock source can be selected from one of the options below:
e Three internal OSCs (25kHz, 2MHz, 25MHz)

e An external clock
The CNT/DLYs also include a native frequency divider, which can be configured with division factors of 1/2/4/8/16/32/64/128.

Clock Source

0SCO_25KHz
_»

0SC1_2MHz
E————

OSC2_25MHz 1/2/4/8 - 1/2/4/8/16/32/

64/128 CLK to connect matrix
™ N

External clock ol ——
from connect matrix

— >
Figure 12-16. 8-Bit CNT/DLY Block Diagram

8bit CNT/DLY

Clock Source

0SCO_25KHz

e
OSC1_2MHz

—_—

0SC2_25MHz | 12148116132/
- . 1121418 ™  ea128 |CLK to connect matrix

External clock ol ———»
IN Pause
y

—_——
from connect matrix

O= . .
regiter configure
_ DFF/Latch3/4
from connect matrix

Figure 12-17. 16-Bit CNT/DLY Block Diagram

16bit CNT/DLY
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Each CNT/DLY can be configured in the following modes:
Detect Mode Control Mode
00: on both falling and rising edges (for delay and counter reset) 000: Delay mode
01: on falling edge only (for delay and counter reset) 001: One shot
10: on rising edge only (for delay and counter reset) 010: Frequency detection mode
11: no delay on either falling or rising edges / high level reset 011: Counter mode
100: Edge detector output mode

The timing behavior for different operating modes is illustrated in the following figures:

Signal In J ‘ U

1async variable rasync variable

Clock

Edelay = period X (counter data - 1) + async variable

Rising Edge Detection P P|.
Falling Edge Detection

rT:Iel;a‘g.r = period X (counter da?:a + 1) + async variable
Both Edge Detection |

Figure 12-18. Delay Mode Counter Data = 2

1 2 3

Signal_In - 1 ’_‘
I

S

n
W
~
o
w
=

12

Asynchronous delay variable #—» Asynchronous delay variable The edge triiming Output

Clock

Rising Edge Detection

C:;ounter data * Period,—"
Falling Edge Detection Cbunter data * Period
Both Edge Detection

Figure 12-19. Counter Mode  Counter Data = 2
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Signal In il ‘ ‘ ‘
wr Asynchronous delay variabie—w Asynchronous delay variable
Clock ’ I , , , I , , l ’ , , , l
Delay 1 clock H—b.
| E— iDelay 1iclock
Rising Edge Detection | I 1
Pulse width = period X (counter data + 1}
Falling Edge Detection ' Q
Pulse width = period X (counter data + 1)
Both Edge Detection
Figure 12-20. One-Shot Mode Counter Data =1
Signal In 1
wmAsynchronous delay variable
Clock ! I , , , , ! , , , ’ ’ ’ , ,
Rising Edge Detection 1 1 period
“— Asynchronous delay variable
Falling Edge Detection | 1 period r
Both Edge Detection | | | ‘ ‘ ‘ r
Figure 12-21. Edge Detection Mode
Clock
second rising edge detected before (counter data + 1) x period
—
Signal In
. rising detected between (counter data +1) x period
; —n
Rising Edge Detection + pulse width = (counter data + 1) x period
: : detected before (counter data + 1) x period
Falling Edge Detection
ipulse width less than (counter data + 1) x period
puise s |
Both Edge Detection |
Figure 12-22. Frequency Detection Mode Counter Data = 2
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12.9 Asynchronous State Machine (ASM)

The ASM module allows users to create state machines with 2 to 8 states. Users have the flexibility to define available
states, state transitions, and input signals (e.g., a, b, ¢ ...) that trigger transitions from one state to another state, as illustrated

below:
POR
\
(a @
b
i
d

®

o .
| |
e
Figure 12-23. ASM State Transitions

(9]

This ASM module features a total of 25 inputs sourced from the Connection Matrix outputs. Of these 25 inputs, 24 are user-
selectable for driving general state transitions. One input is dedicated to driving the ASM into the initial/reset state, which is
always controlled by the power-on reset signal.

The initial/reset state can be selected from states 0 to 7. With 24 selectable inputs, a user-defined state machine can have
up to 24 possible state transitions.

Additionally, the module includes an nReset input, which will drive an immediate state transition to the user-defined
initial/reset state when active. This transition is highlighted in red in Figure 12-24.

The ASM module provides 8 outputs, which are routed back into the Connection Matrix inputs. These outputs can be further
directed to other internal blocks or external pins. Each of the 8 possible states has user-defined outputs, and this
configuration is stored in the Connection Matrix Output RAM.

The ASM module diagram is shown in the following figure:
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Current state Next state
@
> nReset State0 "3
. 2
g
StateO
@
Statel 2
S \
g
Statel 4
- Q \\\\
8 \
State2 L@
- 2
2
State2 -
2 1T .
ctates 3 8bits
From e 5 i
t State3 | ——— State ‘r.g'—/\ ] AS M
connec Transition i 1 Output
matrix & ' /|Routing — T to
. . 1 .
g _ . connect
State4 & .
State4 2 +— matrix
=]
c
) /’r"
D /
State5 State5 @
2
£ /
- E /
State6 g v
State6 @
2
g
State7 - »
-8
» State7 @
~2
2

Figure 12-24. ASM Structure

The inputs of ASM are level sensitive and active high, meaning that a high-level input will drive the user-selected transition
from one state to another.
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12.9.1 ASM Transition

Each ASM state supports three inputs, allowing up to three different input signals to drive a state transition into a specific
state. During a transition, any particular state can switch to one of seven other states.

Figure 12-25. Maximum Three State Transitions into a Given State

Figure 12-26. Maximum Seven State Transitions Out of a Given State
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12.9.2 ASM Outputs

The 8 output values of the ASM, after transitioning into a particular state, are user defined and are routed to the Connection
Matrix inputs.
The table below provides a simple example of the ASM output configuration.

ASM outputs
4 3

SY33519

State Name

N
=

State 0
State 1
State 2
State 3
State 4
State 5
State 6
State 7

12.9.3 ASM Timing
The timing limitations for ASM operation are provided in the ASM specifications table and are illustrated below.

(1) Basic Transition Timing

The ASM transitions from one state into another when the input signal is at a high level. The input timing must comply with
the specified limitations detailed in this specification.

0
0
0
0

OoO|O(O|O|O|O|o

ojo|lojo|o|o|o|N

Transition signal

Transition signal input ;
Tst_out_delay
-

State transition State0 Statel

Figure 12-27. State Basic Transition Timing

(2) Pulse Input Timing

When the input operates in pulse mode, the pulse width must be longer than Tst_pulse. If the pulse width is shorter than
the Tst_pulse, the state transition will not occur, and the signal will be ignored. However, this invalid input pulse will not
interfere with a subsequent valid pulse that meets the minimum pulse width requirement, and can successfully trigger a
state transition. The operation is shown below:

Transition signal

Tst_pulse{ Tst pulse
e >

Transition signal input

Tst_out .delay

State transition State0 Statel

Figure 12-28. State Pulse Input Timing
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(3) Transition Competing Timing

In situations where two input signals can trigger different state transitions from the same state, these signals are considered
“competing” (e.g., signals a and b in the figure below). The signal that arrives first determines the state transition that will
“win” (drive the state transition). If one signal arrives at least Tst_comp before the other, it is guaranteed to win, and its
corresponding state transition will be executed.

To ensure predictable behavior, competing signals should have a minimum interval of 10ns. If this interval is not maintained,
the state transition may be unpredictable.

. . Transition signal a
Transition signal b

- » Tst_comp

Transition signal input a

Transition signal input b

<—> Tst_out_delay

State transition State0 State1 with State2 Or Calculate

1) State transition competing: sooner will win

A
A

Tst_comp

Transition signal input a

Transition signal input b

<—> Tst_out_delay

State transition State0 Statel

2) State transition competing: normal transition

Figure 12-29. State Transition Competing Timing

When the interval time between signal a and signal b is less than Tst_comp, the output will transition to State3 instead of
Statel or State? (as determined by the calculation logic).
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(4) Transition Sequential Timing

A valid input signal for a state transition can become active before the current state is reached. In such cases, the block will
remain in that state for only Tst_out_delay before transitioning to the next state. An example of this sequential behavior is

shown below:

Transition signal a Transition signal b

Transition signal input a

Transition signal input b

Tst_out_dela§y Tst_out_delay
“«——— P« |

State transition State0 Statel State2

Figure 12-30. State Transition Sequential Timing

(5) Transition Closed Cycling
A closed cycle of state transitions can occur if multiple valid inputs are active at the same time. The rate of these transitions
is determined by Tst_out_delay.
The example in the figure below involves cycling between two states, but a closed-cycle transition can involve any number
of states from two to eight.

Transition signal a

Transition signal b

Transition signal input a

Transition signal input b

Tst_out_delay | Tst_out delay {Tst out delay |

State transition State0 Statel State0 Statel StateO Statel-----+

State transition cycling timing
Figure 12-31. State Transition Cycling Timing
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12.10 Cross Bar

The Cross Bar is used to create the internal routing for internal macro cells. The Cross Bar has 64 inputs and 128 outputs
which constitute a connection matrix. The input sources of the Cross Bar are hard-wired to the outputs of particular modules
or macro cells, including I/O pins, LUTs, analog comparators, other digital resources, VDD, and VSS. Each Cross Bar output
can be configured to select one of the 64 input sources by using a 6-bit control register.

12.10.1 Matrix Input Table

Matrix Input Number Matrix Input Signal Function Matrix Decode reg<5:0>
0 GROUND 0
1 VDD 1
2 Reset (POR) 2
3 Pin 2 (GPIO0) Digital Input 3
4 Pin 3 (GPIO1) Digital Input 4
5 Pin 4 (GP102) Digital Input 5
6 Pin 5 (GPIO3) Digital Input 6
7 Pin 6 (GP104) Digital Input 7
8 Pin 7 (GPIO5) Digital Input 8
9 Pin 8 (GPI106) Digital Input 9
10 Pin 9 (GPIO7) Digital Input 10
11 Pin 10 (GPIO8) Digital Input 11
12 Pin 12 (GPIO9) Digital Input 12
13 Pin 13 (GP1010) Digital Input 13
14 Pin 14 (GPIO11) Digital Input 14
15 Pin 15 (GPI1012) Digital Input 15
16 Pin 16 (GPI1013) Digital Input 16
17 Pin 17 (GPI0O14) Digital Input 17
18 Pin 18 (GP1015) Digital Input 18
19 Pin 19 (GPIO16) Digital Input 19
20 Pin 20 (GPI0O17) Digital Input 20
21 LUT2_0 (with Inverter) Output 21
22 LUT2_1 (with Inverter) Output 22
23 LUT2_2 (with Inverter) Output 23
24 LUT2_3 (with Inverter) Output 24
25 LUT2_4 (with Inverter) Output 25
26 LUT2_5 (with Inverter) Output 26
27 LUT2_6 (with Inverter) Output 27
28 LUT2_7 (with Inverter) Output 28
29 LUT2_8 (with Inverter) Output 29
30 LUT3_0 Output 30
31 LUT3_1 Output 31
32 LUT3_2 Output 32
33 LUT3_3 Output 33
34 LUT3_4 Output 34
35 LUT3_5 Output 35
36 LUT3_6 Output 36
37 LUT3_7 Output 37
38 DFF/Latch_0 Output 38
39 DFF/Latch_1 Output 39
40 DFF/Latch_2 Output 40
41 DFF/Latch_3 Output 41
42 CNT/DLY_0 Output 42
43 CNT/DLY_1 Qutput 43
44 CNT/DLY_2 Output 44
45 CNT/DLY_3 Qutput 45
46 CNT/DLY_4 Qutput 46
47 CNT/DLY_5 OQutput 47
48 Deglitch Filter 0 Output 48
49 Deglitch Filter 1 Output 49
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50 ACMP_0 Qutput 50
51 ACMP_1 Qutput 51
52 ACMP_2 Qutput 52
53 ACMP_3 Output 53
54 12C _virtual 0 Output 54
55 12C _virtual_1 Output 55
56 ASM-stateX-doutO/LUT3_8 Output 56
57 ASM-stateX-doutl/LUT4 0 Output 57
58 ASM-stateX-dout2 / CNT/DLY _6 Output 58
59 ASM-stateX-dout3 / CNT/DLY _7 Output 59
60 ASM-stateX-dout4 / CNT/DLY_8 Output 60
61 ASM-stateX-dout5 61
62 ASM-stateX-dout6 62
63 ASM-stateX-dout7 63

12.10.2 Matrix Output Table

Matrix Output Number

Matrix Output Signal Function

Register Address Offset

SY33519 Rev.1.0
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0 SM-state0-ENO 0
1 SM-state0-EN1 1
2 SM-state0-EN2 2
3 SM-state1-ENO 3
4 SM-statel-EN1 4
5 SM-state1-EN2 5
6 SM-state2-ENO 6
7 SM-state2-EN1 7
8 SM-state2-EN2 8
9 SM-state3-ENO 9
10 SM-state3-EN1 10
11 SM-state3-EN2 11
12 SM-state4-ENO 12
13 SM-state4-EN1 13
14 SM-state4-EN2 14
15 SM-state5-ENO 15
16 SM-state5-EN1 16
17 SM-state5-EN2 17
18 SM-state6-ENO 18
19 SM-state6-EN1 19
20 SM-state6-EN2 20
21 SM-state7-ENO 21
22 SM-state7-EN1 22
23 SM-state7-EN2 23
24 SM-state-RSTB 24
25 PIN 3 (GPIO1) Digital Output Source 25
26 PIN 4 (GPIO2) Digital Output Source 26
27 PIN 5 (GPIO3) Digital Output Source 27
28 PIN 6 (GPIO4) Digital Output Source 28
29 PIN 7 (GPIO5) Digital Output Source 29
30 PIN 8 (GPIO6) Digital Output Source 30
31 PIN 9 (GPIQO7) Digital Output Source 31
32 PIN 10 (GPIO8) Digital Output Source 32
33 PIN 12 (GPIO9) Digital Output Source 33
34 PIN 13 (GPIO10) Digital Output Source 34
35 PIN 14 (GPIO11) Digital Output Source 35
36 PIN 15 (GPIO12) Digital Output Source 36
37 PIN 16 (GPI0O13) Digital Output Source 37
38 PIN 17 (GPI1O14) Digital Output Source 38
39 PIN 18 (GPIO15) Digital Output Source 39
40 PIN 19 (GPIO16) Digital Output Source 40
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41 PIN 20 (GPI0O17) Digital Output Source 41
42 PIN 3 (GPIO1) Digital Output Enable Source 42
43 PIN 4 (GPI02) Digital Output Enable Source 43
44 PIN 5 (GPIO3) Digital Output Enable Source 44
45 PIN 6 (GPIO4) Digital Output Enable Source 45
46 PIN 7 (GPIO5) Digital Output Enable Source 46
47 PIN 8 (GPIO6) Digital Output Enable Source 47
48 PIN 9 (GPIQ7) Digital Output Enable Source 48
49 PIN 10 (GPIO8) Digital Output Enable Source 49
50 PIN 12 (GPIQ9) Digital Output Enable Source 50
51 PIN 13 (GPI010) Digital Output Enable Source 51
52 PIN 14 (GPIO11) Digital Output Enable Source 52
53 PIN 15 (GPIO12) Digital Output Enable Source 53
54 PIN 16 (GPIO13) Digital Output Enable Source 54
55 PIN 17 (GPIO14) Digital Output Enable Source 55
56 PIN 18 (GPIO15) Digital Output Enable Source 56
57 PIN 19 (GPIO16) Digital Output Enable Source 57
58 PIN 20 (GPIO17) Digital Output Enable Source 58
59 INO of LUT2_0 59
60 IN1 of LUT2_0 60
61 INO of LUT2_1 61
62 IN1 of LUT2_1 62
63 INO of LUT2_2 63
64 IN1 of LUT2_2 64
65 INO of LUT2_3 65
66 IN1 of LUT2_3 66
67 INO of LUT2_4 67
68 IN1 of LUT2 4 68
69 INO of LUT2_5 69
70 IN1 of LUT2_5 70
71 INO of LUT2_6 71
72 IN1 of LUT2_6 72
73 INO of LUT2 7 73
74 IN1 of LUT2 7 74
75 INO of LUT2_8 75
76 IN1 of LUT2_8 76
77 INO of LUT3_0 77
78 IN1 of LUT3 0O 78
79 IN2 of LUT3 0 79
80 INO of LUT3 1 80
81 IN1 of LUT3 1 81
82 IN2 of LUT3_1 82
83 INO of LUT3_2 83
84 IN1 of LUT3 2 84
85 IN2 of LUT3 2 85
86 INO of LUT3_3 86
87 IN1 of LUT3 3 87
88 IN2 of LUT3_3 88
89 INO of LUT3 4 89
90 IN1 of LUT3 4 90
91 IN2 of LUT3 4 91
92 INO of LUT3 5 92
93 IN1 of LUT3 5 93
94 IN2 of LUT3_5 94
95 INO of LUT3_6 95
96 IN1 of LUT3 6 96
97 IN2 of LUT3_6 97
98 INO of LUT3 7 98
99 IN1 of LUT3 7 99
100 IN2 of LUT3 7 100
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101 Input of DFF_0 101
102 RST of DFF_0 102
103 CLK of DFF_0 LATCH 103
104 Input of DFF_1 104
105 RST of DFF_1 105
106 CLK of DFF_1 LATCH 106
107 Input of DFF_2 and 16bit-Counter0 Pause Input 107
108 RST of DFF_2 108
109 CLK of DFF_2 LATCH 109
110 Input of DFF_3 and 16bit-Counterl Pause Input 110
111 RST of DFF_3 111
112 CLK of DFF_3 LATCH 112
113 Input of CNT/DLY(8bit) 0 113
114 Input of CNT/DLY(8bit) 1 114
115 Input of CNT/DLY(8bit)_2 115
116 Input of CNT/DLY(8bit) 3 116
117 Input of CNT/DLY(16bit) O 117
118 Input of CNT/DLY(16bit) 1 118
119 Input of Deglitch 0 119
120 Input of Deglitch_1 120
121 ACMPO PDB (Power down) 121
122 ACMP1 PDB (Power down) 122
123 ACMP2 PDB (Power down) 123
124 ACMP3 PDB (Power down) 124
125 OSC PDB (Power down) 125
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12.11 EEPROM

Once the application is finalized and the configuration binary file is generated, it can be loaded into EEPROM memory by
following the programming command sequence as described below.

The EEPROM supports write, erase, and read operations via 1°C (or UART). The EEPROM can be erased and reloaded
repeatedly up to approximately 1000 times.

For details on the EEPROM programming flow, please refer to the following figure:

Power cycle

IC load CRC8 info
from EEPROM

v

CRCS8 is exist?
|
N

Y

v
IC load configurations

from EEPROM

l

GPI06/7 PAD
be configured

N ==12C? ==Uart?
|
Y Y
¥ ¥
. - Force the GPIO6/7 Force the GPIO6/7
— N GGEREE PAD as 12C mode | | PAD as Uart made
| ?
Y
: ¥
GPIO6/7 as GPIO6/7 as IC continue running which the
Reserved Normal GPIO 12C(or Uart) can be accessed

Write the configurations by
12C(or Uart) interface

EEPROM Program finished Pragorsatm
Send “refresh” cmd
IC will run as the new application
mode
Figure 12-32. EEPROM Program Flow
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12.12 The I2C/UART Communication

The device includes one I2C peripheral and one UART interface. Configure register SYS_CFG bit[1:0] to choose 12C or
UART protocol for the GP1O6/7 Pins.

SY33519

SYS_CFG
Bit Name Access Reset Description
GPI106/7 Share Mode
00: GPIO Mode
1:0 GPIO6/7 Mode RW 0x2 01: 12C Mode (GPIO6: SCL, GPIO7: SDA)
10: UART Mode (GPIO6: RXD, GPIO7: TXD)
11: Reserved

Using the protocol interface, users can access the configuration registers and retrieve information while the device is
operating. This allows for real-time behavior adjustments without interrupting operation. Additionally, once the application
is finalized, configurations can be written into the Non-Volatile Memory (NVM).

The communication mode operates in one of the following ways:

(1) The register configuration will be automatically loaded from NVM after power-on.

(2) Users can access the entire configuration stored in the NVM via the I°C or UART interface during operation.

(3) Register values can be modified via I1°C or UART interface, which will change the behavior of the device immediately.

SY33519
User
. EEPROM
RengterS Write configurations
into EEPROM >
. Configurations
Reglsters .Of the Load to register of thegdevice
device which are after power on .
. which are
located in the .
i located in the
register space NVM
12C&Uart slave interface

Figure 12-33. I1°2C Access Scenario

12.12.1 I2C Communication

The I2C peripheral address supports only 7-bit mode. The following two modes are supported: normal mode (100kHz), or
fast mode (400kHz).

For this device, the register address space accessible by the I12C controller is limited to the range of 0~0xFF. If an address
outside this range is accessed, read operations will be undetermined, write operations will be ignored, and the device will
respond with a NAK (not acknowledge).
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12.12.1.112C Write

SY33519

. Register  |[A]l  ~ainn (Al eeeee.
S| Addr(6:0] |WA| idress  |A Data 0 A Datan A/N|P
[ Controller to Peripheral 1<=Register address+n<=255

[ ] Peripheral to Controller
Figure 12-34. I2C Write Mode
12.12.1.212C Read
The read can be one of two modes which are shown below:
Current Read Mode

S| Addr[6:0] |R|A Data 0 A Datan N| P

[ | controller to Peripheral 1<=N<=255

:| Peripheral to Controller
Figure 12-35. I2C Current Read Mode
Random Read Mode

S| Addr6:0] |WA ':gg:zt:sr AlS| Addr6:0] [R|A| Data0 [A|l e Datan |N|P
[ ] Controller to Peripheral 1<=Register address+n<=255

[ ] Peripheral to Controller
Figure 12-36. I2C Random Read Mode
12.12.2 UART Communication

The UART interface has a default baud rate of 115200bps and is configured as 8-bit, 1 stop bit, 1 start bit, and no parity.
For added flexibility, the baud rate can be adjusted using the auto-baud method, supporting the following rates: 4800, 9600,
19200, 38400, 57600, and 115200bps.

When accessing the SY33519 via UART interface, users should follow the defined protocol, detailed in the sections below.
Both read and write operations to SY33519 have two stages: the command stage initiated by the host, and the response
stage initiated by the SY33519.

12.12.2.1 UART Write

A register write operation consists of a packet containing a header, a command and counter byte, address byte, data bytes,
and checksum. When the SY33519 receives a UART write command, it validates the checksum, confirms the register
address, loads the data (1~n) to the specified registers, and transmits an acknowledgement to the host.

For details on the UART write data command, refer to the following figure:

HOST

SY33519

rd

Figure 12-37. UART Write Access Scenario
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HOST Command Format:

Bit Position
7 6 5 4 3 ] 2 1 0
CMD: .A1-
CMD+CNT 0 =READ n 9310%{&?)104
1=WRITE B
ADR Register address: 0x00~0xFF
CHECKSUM (OXEA + (CMD_CNT) + ADR + DATA(n)) & OXFF
SY33519 Command Format:
Bit Position
7 6 5 | 4 | 3 ] 2 1 0
ACK: .A1-
ML ET 0=0K The cou(n:{\l c-JrfSr[e6c.gi]\./ed data
1 =ERROR
CHECKSUM (OXEA + (ACK_CNT)) & OxFF

12.12.2.2UART Read

A register read operation consists of a header, a command and count byte, a start address byte, and a checksum. When
the SY33519 receives the command, it validates the checksum and transmits the register data to the host.

For details on the UART write data command, refer to the following figure:

HOST

HOST Command format:

SY33519 <:

Figure 12-38. UART Access Scenario

Bit Position
7 6 5 4 3 | 2 1 0
CMD
CMD+CNT 0=Read Datan';elrl%th(”)
1=Write -
ADR Start Address
CHECKSUM OXEA + (CMD_CNT) + (ADR)
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SY33519

Bit Position
7 6 5 4 | 3 | 2 1 0
ACK
ACK_CNT 0=0K CNT: Data Length(n) From Host
1=Error

ADR Start Address From Host

Data Datal~Datan from target register address
CHECKSUM OXEA + (ACK_CNT) + (SEL_ADR) + DATA(1~n)

12.12.2.3UART Auto Baud

The UART default baud rate is 115200bps, but it can be automatically configured to 1200, 2400, 4800, or 9600bps. After
the device powers on, the host can send a message containing six consecutive 0x55 bytes to SY33519 at the target baud
rate. Upon receiving this sequence, the SY33519 will automatically adjust its baud rate to match the target baud rate.

HOST |:: > “““

Figure 12-39. UART Auto Baud Access Scenario
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13 Applications
13.1 Application 1. System Reset

The SY33519 can function as a system reset generator, activating a reset when exception events are triggered, such as
failure, protection events, or reset triggers.

SY33519

VDD
T A ] [
1 VDD 16 or
Fail soc
BN (=
P:i()tedCt T&gg%- 3 SY33519 14
MR (5]
5 ] 12 ] NRESET

nResat

3-10_AND mzﬁ_)ﬂ gbit CNT/DLY_0 j

Z-10_AHD FT PIOLZ )

Figure 13-2. SilerVision Design Diagram

Configuration details:

Function Configuration
GPIO0/1/2 Set as digital input.

GPIO9 Set as output and connect to the reset pin of SOC.

3-LUTO Configured to AND mode.

2-LUTO Configured to AND mode.
) One shot mode, rising edge detection, and counter data is determined by requirement.

8-bit CNT/DLY 0 -
Output Invert: enable the output mode if the SOC'’s reset is active-low.
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13.2 Application 2: Multi-button Reset

Triggering a reset by pressing multiple buttons is a common method in the device. When system crashes, failures, or other
abnormalities occur, a separate chip is used to implement the reset function to ensure that the system can be reset in time.

Configuration details:

VDD

I

Buttonle——
Button2——

I EEE
2 ] =N
3 | SY33519 | 14 |
|4 | [ 13 |

L2 ]

| 5 ] 7]
el

=

uP
or
SOC

NRESET

Figure 13-3. Application 2: Multi-Button Reset

~ -

ghit CHT/ILY_O

210 Vser Defined

Figure 13-4. SilerVision Design Diagram

gbit CHT/ILY 1 j -

FIN1

Function Configuration
GPIOO0/1 Set as digital input.
GPIO9 Set as output and connect to the reset pin of SOC.
LUT Function: Converting the input signal of the button to the correct reset signal.
Logical relationship: determined by nReset high level or low level.
Delay mode, rising edge detection.
CNT/DLY_O Counter data: determined by the required time length of the button.
CNTIDLY Output polarity: Inverted (pulse low level effective).
One shot mode, rising edge detection.
CNT/DLY_1 Counter data: determined by the required pulse width of nReset.
Output invert: inverted (pulse low level effective).

SY33519 Rev.1.0
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13.3 Application 3: Basic Sequencer

When different parts of the system need to power up in a specific sequence, a power sequencer will be introduced.

Configuration details:

5V SYSTEM 3.3V SYSTEM

5V Buck/Boost —-U’_- 3.3VIDO -q [~
T

S

| A
Ir— 2] (=]

nReset 3 | sv33519 [14 |
el == B
N [12 ]

12
a1 S

Figure 13-5. Application 3: Basic Sequencer

.
::H—»‘ [
211 Tnwerter LA

s mﬂ* e, S
3 . IFF_0

Shit CHT/ILY 3

Figure 13-6. SilerVision Design Diagram

Function

Configuration

GPIO 0

Set as digital input.

GPI1014/15/16/17

Set as output which has a different power-up sequence.

Function: converting the input signal to the correct power control signal.

2 LUT
Logical relationship: determined by nReset high level or low level.
Delay mode, rising edge detection.

CNT/DLY Counter data: determined by the required delay time.

Output Invert: inverted (pulse low level effective).

SY33519 Rev.1.0

© 2025 Silergy Corp.

Silergy Corp. Confidential- Prepared for Customer Use Only

40
All Rights Reserved.




O

S/LERGY

SY33519

13.4 Application 4: Deglitch by CNT/DLY
Application Details:

Application Analysis
Glitch conditions, such as button closing and opening, input voltage approaching digital input
Application scenario threshold without Schmitt trigger, and input voltage approaching threshold without hysteresis

comparator.

Design principle

Filter out pulses shorter than the delay time when CNT/DLY is in delay mode.

Support mode (CNT/DLY) Rising edge, falling edge, and both.

?ms Delayr Rising

- -

FINZ (GPIO0) ghit CHT/ILY 0

Figure 13-7. SilerVision Design Diagram

7:0 X X X X X X XX -10ms
15:8 X X X X X X X X +4ms +6ms +8ms +2ms +4ms +6ms +8ms

Figure 13-8. CNT/DLY Output in Rising Mode
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13.5 Application 5: Ship Mode Controller

Before the product is delivered to the user, an ultra-low power MS-PLD is used to design a button monitor which is used as
the power switch for the main system.

Configuration details:

DD

T

Exit

uP
or
SOC

VoD |
[ 2 | 1
- 3]
4

Enable 13

Figure 13-9. Application 5: Ship Mode Controller

0D g
o 2

Exit Ship Mode Ems Debounce

PINZ (GFIO0) abit CHT/DLY D . :E')_'
[

DFF_0

Figure 13-10. SilerVision Design Diagram

System Fower Enable

o

FI

Function Configuration
GPIO 0/1 GPIO 0 Mode: Analog |10, GPIO 1 Mode: Digital Input.
GPIO17 Configure as output mode which is used as the power switch of the system.
LUT Function: convert the input signal into the correct enable signal of system power.
Logical relationship: determined by the output level corresponding to Entry or Exit Ship Mode.
CNT/DLY Delay mode, rising edge detection.
Counter data: determined by debounce.

SY33519 Rev.1.0
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13.6 Application 6: 4-bit Demultiplexer

A demultiplexer is used to distribute an input signal to one of several output channels.

T [ HEEH
T VDD 16
INPUT___ | s ___OUT3
SELO 3] sy33519 [ 1 —OUT2
SEL1 — 4 ] E_O uTl
nRST — 5 | E_O UTO
Rt

Figure 13-11. Application 6: 4-bit Demultiplexer

Configuration details:

Figure 13-12. SilerVision Design Diagram

Function Configuration
Logical relationship: the combination of SELO and SEL1 ensures that only one LUT output value of
LUT LUTO, LUT1, LUT2, and LUT3 is low. For example, the output value of 2-L3 will be low when both
SELO and SEL1 are low.
LATCH Connecting LUT output to the clk of LATCH.
Connecting INPUT to the in of LATCH.

SY33519 Rev.1.0
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14 QFN2x3-20 Package Outline Drawing

SY33519

~—1.90-2. 10— 0.4 0.13-0.23
SHIiE
. 0.275-0.375+—
= ] 0.70-0.90—
— 0.50-0.70
< ———10.50-0.70
a o
o =
- g [ :
Top View Bottom View
2.55
-—0.785—
I B O ¢ | ®
=
I o
—0.875—
—0.45-0.65
]
[—0.15 ref
1 :
0-0.05- S —
]
Side View Recommended PCB Layout

(Only for reference)

Notes: All dimensions are in millimeters and exclude mold flash and metal burr.
The center line on the PCB layout refers to the chip body center.
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15 Taping & Reel Specification

15.1 Tape Dimensions and Pin 1 Orientation

SY33519

QFN2x3-20
—1.65/1.85 |—r3 90/4. -|:’| /—w 4011.60
Fo <
, ) |Ir/‘-\l '/’_‘\1 /— ) 1'/ \' [/— \‘
+ ) | | | + | )
N/ o N/ N/ Ny Ay
& 2202 40—+—— *
. ° ° . °
= ,;,’J‘
¢
—3.00/4 10— J /
' 3.10/3.40 A
0.60/1.00
Feeding Direction >
15.2 Reel Dimensions

A

Reel

Size

Y

Tape width Pocket Reel size Trailer * Leader * Qty per reel
Package types .
(mm) pitch(mm) (Inch) length(mm) length (mm) (pcs)

QFN2x3-20 8 4 7" 400 400 3000
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Revision History

The revision history provided is for informational purposes only and is believed to be accurate, however, not warrantied.
Please make sure that you have the latest revision.

Date

Revision

Change

Mar. 15, 2025

Revision 1.0 Initial Release

SY33519 Rev.1.0
© 2025 Silergy Corp.

Silergy Corp. Confidential- Prepared for Customer Use Only

46
All Rights Reserved.




SY33519

S/IERGY

IMPORTANT NOTICE

1. Right to make changes. Silergy and its subsidiaries (hereafter Silergy) reserve the right to change any information published in
this document, including but not limited to circuitry, specification and/or product design, manufacturing or descriptions, at any time and
without notice. This document supersedes and replaces all information supplied prior to the publication hereof. Buyers should obtain the
latest relevant information before placing orders and should verify that such information is current and complete. All semiconductor
products are sold subject to Silergy’s standard terms and conditions of sale.

2. Applications. Application examples that are described herein for any of these products are for illustrative purposes only. Silergy
makes no representation or warranty that such applications will be suitable for the specified use without further testing or modification.
Buyers are responsible for the design and operation of their applications and products using Silergy products. Silergy or its subsidiaries
assume no liability for any application assistance or designs of customer products. It is customer’s sole responsibility to determine
whether the Silergy product is suitable and fit for the customer’s applications and products planned. To minimize the risks associated
with customer’s products and applications, customer should provide adequate design and operating safeguards. Customer represents
and agrees that it has all the necessary expertise to create and implement safeguards which anticipate dangerous consequences of
failures, monitor failures and their consequences, lessen the likelihood of failures that might cause harm and take appropriate remedial
actions. Silergy assumes no liability related to any default, damage, costs or problem in the customer’s applications or products, or the
application or use by customer’s third-party buyers. Customer will fully indemnify Silergy, its subsidiaries, and their representatives
against any damages arising out of the use of any Silergy components in safety-critical applications. It is also buyers’ sole responsibility
to warrant and guarantee that any intellectual property rights of a third party are not infringed upon when integrating Silergy products into
any application. Silergy assumes no responsibility for any said applications or for any use of any circuitry other than circuitry entirely
embodied in a Silergy product.

3. Limited warranty and liability. Information furnished by Silergy in this document is believed to be accurate and reliable. However,
Silergy makes no representation or warranty, expressed or implied, as to the accuracy or completeness of such information and shall
have no liability for the consequences of use of such information. In no event shall Silergy be liable for any indirect, incidental, punitive,
special or consequential damages, including but not limited to lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges, whether or not such damages are based on tort or negligence, warranty, breach of
contract or any other legal theory. Notwithstanding any damages that customer might incur for any reason whatsoever, Silergy’ aggregate
and cumulative liability towards customer for the products described herein shall be limited in accordance with the Standard Terms and
Conditions of Sale of Silergy.

4. Suitability for use. Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and
safety-related requirements concerning its products, and any use of Silergy components in its applications, notwithstanding any
applications-related information or support that may be provided by Silergy. Silergy products are not designed, authorized or warranted
to be suitable for use in life support, life-critical or safety-critical systems or equipment, nor in applications where failure or malfunction of
an Silergy product can reasonably be expected to result in personal injury, death or severe property or environmental damage. Silergy
assumes no liability for inclusion and/or use of Silergy products in such equipment or applications and therefore such inclusion and/or
use is at the customer’s own risk.

5. Terms and conditions of commercial sale. Silergy products are sold subject to the standard terms and conditions of commercial
sale, as published at http://www.silergy.com/stdterms, unless otherwise agreed in a valid written individual agreement specifically agreed
to in writing by an authorized officer of Silergy. In case an individual agreement is concluded only the terms and conditions of the
respective agreement shall apply. Silergy hereby expressly objects to and denies the application of any customer’s general terms and
conditions with regard to the purchase of Silergy products by the customer.

6. No offer to sell or license. Nothing in this document may be interpreted or construed as an offer to sell products that is open for
acceptance or the grant, conveyance or implication of any license under any copyrights, patents or other industrial or intellectual property
rights. Silergy makes no representation or warranty that any license, either express or implied, is granted under any patent right, copyright,
mask work right, or other intellectual property right. Information published by Silergy regarding third-party products or services does not
constitute a license to use such products or services or a warranty or endorsement thereof. Use of such information may require a license
from a third party under the patents or other intellectual property of the third party, or a license from Silergy under the patents or other
intellectual property of Silergy.

For more information, please visit: www.silergy.com
© 2025 Silergy Corp. All Rights Reserved.
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