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SX1508B/SX1509B

World’s Lowest Voltage Level Shifting GPIO

with LED Driver and Keypad Engine

GENERAL DESCRIPTION

The SX1508B and SX1509B are complete ultra low
voltage General Purpose parallel Input/Output (GPIO)
expanders ideal for low power handheld battery
powered equipment. This family of GPIOs comes in
8-, 16-channel configuration and allows easy serial
expansion of 1/0 through a standard 400kHz I°Cc
interface. GPIO devices can provide additional control
and monitoring when the microcontroller or chipset
has insufficient /O ports, or in systems where serial
communication and control from a remote location is
advantageous.

These devices can also act as a level shifter to
connect a microcontroller running at one voltage level
to a component running at a different voltage level,
thus eliminating the need for extra level translating
circuits. The core is operating as low as 1.425V while
the dual /O banks can operate between 1.2V

The SX1508B and SX1509B feature
programmable LED Driver with internal i
enhanced lighting control such as inte

3.6V independent of the core voltage and each ot
(5.5V tolerant).

them highly versatile for
applications.

In addition, keypad applications are alsg
with an on-chip s ' '
continuous keypa
any additional host

nitoring up
ioh reducing bus_activii

generate
falling/rist

P10 is programmable via a bank of 8-bit
configuratioR,_registers that include data, direction,
pull-up/pull-daw interrupt mask and interrupt
registers. These I/O expanders feature small footprint
packages and are rated from -40C to +85T
temperature range.

ORDERING INFORMATION

Part Number 1/0Os Package Marking
SX1508BIULTRT | 8 QFN-UT-20 GAA2
SX1509BIULTRT | 16 QFN-UT-28 GBA3

SX1508BEVK 8 Evaluation Kit -

SX1509BEVK 16 | Evaluation Kit -

Rev 4 — 26" April 2011

KEY PRODUCT FEATURES

1.2V to 3.6V Low Operating Voltage with Dual
Independent I/O Rails (VCC1, VCC2)

Enable Direct Level Shifting Between 1/O

o

Output Sink on
imit)

-step PWM)
4 On/Off values)

able Polarity

- gra
@Active Low Interrupt Output (NINT)
skable

ogrammable Edge Sensitivity
t-in Clock Management (Internal 2MHz

a

OSCIO can be Configured as GPO
400kHz I°C Compatible Slave Interface

4 User-Selectable I2C Slave Addresses
Power-On Reset and Reset Input (NRESET)
Ultra Low Current Consumption: 1uA Typ
-40<C to +85C Operating Temperature Range
Up to 2kV HBM ESD Protection

Small Footprint Packages

Pb & Halogen Free, ROHS/WEEE compliant

TYPICAL APPLICATIONS

Cell phones, PDAs, MP3 players
Digital camera, Notebooks, GPS Units
Any battery powered equipment

e 1

LEVEL SHIFTING

Host
Controller

FULL LED DRIVE

P

KEYPAD SCAN NING

Ja

="

BUTTON CONTROL
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1 PIN DESCRIPTION

1.1  SX1508B 8-channel | °C GPIO with LED Driver and Keypad Engine

Pin Symbol Type | Description
1 NRESET DI Active low reset input
2 SDA DIO I°C serial data line
3 SCL DI I°C serial clock line
4 ADDRO DI Address input bit 0, connect to VDDM or GND
1) | 1/0O[0], at power-on configured as an input
5 /o[0] DIO LED driver : Intensity control (PWM)
1) | /O[1], at power-on configured as an input
6 Vo] DIo LED driver : Intensity control (PWM) \S
7 VCC1 P Supply voltage for Bank A 1/0[3-0] ( NN
8 GND P Ground Pin AN N/
1) | /O[2], at power-on configured as af i
9 Vo[ DIO LED driver : Intensity control (PWM), BlinKing
10 1/0[3] DIO D 1/0[3], at power-on configured as an input
LED driver : Intensity contgei(RWM), Blinking\Bxeathing (Fade In/Out)
11 NINT DO Active low interrupt outpyt ( \\\\
12 ADDR1 DI Address input bit 1, connéckto YBBM or GND
13 OSCIO DIO ' | Oscillator input/output, can atse pe useg as GPO ("
14 VDDM P Main supply voltage \ ) ) AN
¢1) | /O[4], at power-o igured as arinplt
15 /ofA] DIO ™™ | | ED driver ; Inten i@t | (PWM) ((\
¢1) | /O[5], at power figured as an inpu )
16 VO[3] DIO LED driver : sity cantro) (PWM) \—)
17 VCC2 P Supply yoltage foCBank-B1/3[7-4] )
18 GND P Ground Rin SN {(
ey | 1 at pgwer- nfigured Jrpu
9 | W06 | 00" | ot ehi ot (. Bining
1 [7} at’power-on configre put
20 /o[7] DIO << Wiverﬁ\lntensity,ceq (P , Blinking, Breathing (Fade In/Out)

D/I/0/P: Digital/Input/Outp!

P
D This pin is programmalfle/through the M Qg@}

lel-S Description

o
©)
[
i I
g
NRESET| _1) g i {15 |vo[4
[ i I —
SDA| "z | TOF VIEW | {23 _|VvDDM
-2 EE
e F [ E—
scLI"3) ! 4’, ! {13 |OScCIO
A e
i ] | ERRPRIE
ADDRO|™"3) | GND | (12 |ADDR1
——— (PAD) 3
1/0[0] syl (m|NINT
e 171 (a1 =) fn
] 11 11 11 -1 I
| N O N I O S |
T & 0 W o
© 8 5 29

Figure 1 — SX1508B QFN-UT-20 Pinout
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1.2 SX1509B 16-channel I°C GPIO with LED Driver and Keypad Engine

Pin Symbol Type | Description
1) | /O[2], at power-on configured as an input
1 Vo[ DIO LED driver : Intensity control (PWM), Blinking
1) | /O[3], at power-on configured as an input
2 Vo] DIo LED driver : Intensity control (PWM), Blinking
3 GND P Ground Pin
4 VCC1 P Supply voltage for Bank A I/O[7-0]
5 1/0[4] DIO D 1/0O[4], at power-on configured as an input
LED driver : Intensity control (PWM), Blinking, Breathing e In/Out)
1) | /O[5], at power-on configured as an input
6 VO[] DIO LED driver : Intensity control (PWM), BIinking,Breath@aQe ut)
1) | 1/O[6], at power-on configured as an input
7 /o8] DIo LED driver : Intensity control (PWM), Blinking, B\r@ttung )
¢1) | VO[7], at power-on configured as an in W
8 Vo] DIO LED driver : Intensity control (PWM), Bliriking, athi n/Out)
9 NINT DO Active low interrupt output
10 ADDR1 DI Address input bit 1, connect to VDDM or'GND
11 OSCIO DIO ' | Oscillator input/output, can also be used as'\GRO
12 VDDM P Main supply voltage
1) | /O[8], at power-on configu ed as an input
13 O8] DIO LED driver : Intensity cont ||nking
1) | /O[9], at power-on configure an i
14 Vo] DIO LED driver : Intensity control ), k|ng (\
¢1) | /O[10], at power- ured as-anirfput
15 VO[10] DIO LED driver alntensity ¢ | (PWM), Blinking (\
¢1) | VO[11], at ppvin \86 iguted as an inp N
16 VO[L1] DIO LED driver : trof (PWM), Blin Q\)
17 GND P Ground/Rin. %
18 VCC2 P Supply\vgltage.fer Bank B 1/0[15-8]\ S
e | at e nfigure
19 VO[12] DIO [_pﬂ\z%g e\meﬁggy ontpek(gngMng, Breathing (Fade In/Out)
1 ower-on con asan input
20 VO[13] DIO & r\/\E\l;)(grl/ver ntensny %&( ), Blinking, Breathing (Fade In/Out)
N \/O[M4] at pbwer-g k;b edhas an input
21 V/O[14] (ﬁé driver : Intens tr WM), Blinking, Breathing (Fade In/Out)
1) / , at p eran contigufed as an input
22 VO[15] \\DIO KED drlver rﬁte\ trol (PWM), Blinking, Breathing (Fade In/Out)
23 NRESET Bl___{ Active low reset input
24 SDA DIO—+  I°C sgeriakdata lide
25 \SCL DI I°C sexalclockline
26—~ AQDRY” DI Address.npit bit 0, connect to VDDM or GND
vol DIO (% , & power-on configured as an input
\ iver : Intensity control (PWM), Blinking
O[] I ], at power-on configured as an input
\< \{_E driver : Intensity control (PWM), Blinking

@p N is programable throu@hﬁ@? interface
able 2 — SX1509B Pin Description

'_
o [AN) —
—_ = 0 [Te}
5SS5335¢5
g g < n (%) P4 g
o & &8 & 3 & &
oz | 1 21| 1/O[14]
o] |2 ! i 20| /O[3
1
1
onp| 3 ! TOP VIEW i 19| /0[12]
! 1
! GND . VCC2
1
VCC1| 4 : (PAD) 18
1
o[l s 1 17| GND
| 1
sl | g I 16| /O]
_________________ 1
orel | 15 | OI10]
o - N ™ <
[ee] o)) — — — — —
=E E ¥ Q 2 m© @
© £ 58 90 8 9 0
= a = =
Figure 2 — SX1509B QFN-UT-28 Pinout
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1.3 1/Os Feature Summary

PWM Blink | Breathe Row Col PWM Blink | Breathe Row Col.
v v v v
v v v [ v
VN v v [ v
VIV [ V[ v [ v
v VIV V[V [ &
s VIV [ V[ v [N
R VIV V[ v [
V[ V[ VIV [ V[ &[]

v T

A GRS

v A =

VA v

RN v

RN v

NV [V v

N ® N AN

Table 3—-1/0s F Sum
Please note that in addition to table above, all I/Os u -

SO

O
Q
>

k ar@% level shifting.

Gk
@@@

X
,

o@%
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2.1 Absolute Maximum Ratings

Stress above the limits listed in the following table may cause permanent failure. Exposure to absolute ratings for
extended time periods may affect device reliability. The limiting values are in accordance with the Absolute
Maximum Rating System (IEC 134). All voltages are referenced to ground (GND).

V max VDDM Main supply voltage -04 3.7 V

Vmax vcei-2 Digital 1/0 pin supply voltage -04 \YJ

v Electrostatic handling HBM model® (SX1508B) - /22000 v

ES_HBM - - @)
Electrostatic handling HBM model*™” (SX1509B) A 8) /}QBQA
VEs_com Electrostatic handling CDM model &? \\19125;0\/ \YJ
Vee Electrostatic handling MM model (SX15088)/ 200 vV
- Electrostatic handling MM model (SX1509B) - 150

Ta Operating ambient temperature range—~ \\40 +85 T

Te Junction temperature range \K \ﬂ\ -40 +125 T

Tste Storage temperature range \7 \ -55\(C +150 T
liat Latchup-free input pin current® ;@\o - mA

(1) Tested according to JESD22-A114A

(2) Static latch-up values are valid at maximum temperature a EC 78 specific Q
Table 4 - Abs Ratings

2.2  Electrical Specifications

Table below assumes default registers
+25C, VDDM=VCC1=VCC2=3.3V.

Main supply voltage \ .
VCC1,2 | I/0 bankssupply veltage 1.2 - 3.6 V
Main ly cugrent “Qscilator OFF - 1 5
(SX15 e active) InterRal osc. (2MHz) - 175 235 | pA
IDDM \External osc. (32kHz) - 10 -
aln N \) Oscillator OFF - 1 5
5098\ ctlv Internal osc. (2MHz) - 365 460 HA
External osc. (32kHz) - 10 -
IGCL .2 W M}KS/éﬂpply curm& - 1 2 |pA
I/Os\s\ /I’nput
*
VCC1,2 >= 2V 0.7 . 5.50
X . VCC1,2
VIH h level input voltage 0.8 o Vv
VCC1,2<2V VCCL.2 - 55
_ 0.3*
VCC1,2 >=2V -0.4 - VCCL.2
VIL Low level input voltage 0.2 Vv
VCC1,2<2V -0.4 - VCCL.2
ILEAK | Input leakage current Assuming no active -1 - 1 A
pull-up/down
Cl Input capacitance - - - 10 pF
I/Os set as Output
VOH High level output voltage - VE:S%,Z - VCC1,2 |V
VOL Low level output voltage - -0.4 - 0.3 V
. VCC1,2 >=2V - - g®
IOH High level output source current VCCl2 <2V - - 5@ mA
. VCC1,2 >=2V - - 15%
IOL Low level output sink current VCCl2 <2V - - 8@ mA

Rev 4 — 26" April 2011 7 www.semtech.com
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tpv Output data valid timing Cf. Figure 8 - - 425 ns
NINT (Output)
VOL | Low level output voltage - -0.4 - 0.3 \%
IOLy | Low level output sink current \C%%MMZ_ZZ\)/ i mA
tv Interrupt valid timing From input data change - - 4 us
tir Interrupt reset timing From Regllgg?irrr]:ptSource - - 4 us
NRESET (Input)
VIHwr | High level input voltage Y/%%'\,/\IAZ 22\>/ 8;*;/488%/\ > xggm:z \%
VILy | Low level input voltage Y/%%'\,/\IAZ 22\>/ \8;\\ (( \M%g*xggm Y
ILEAK | Input leakage current - N N 1 HA
Cl Input capacitance - - - 10 pF
VPOR | Power-On-Reset voltage Cf. Figure 6 - 0.8 - Vv
VDROPH]| High brown-out voltage Cf. Figure 6 < VDDM-1 - \%
VDROPL| Low brown-out voltage Cf. Figlre 6. SO 0.2 - V
treser | Reset time Cf. Fighte 6) —_ - - 25 ms
touse | Reset pulse from host uC Cf. Figure§ ( 200, - - ns
ADDRO, ADDR1 (Inputs) N QQ
VIHua | High level input voltage \&EWE °\>\I*<_2\2\>/ 8;;;\@‘ C DQMM - xggm:gg \%
ViLy | Low level input voltage /\\%%w\y N\ Q\p gg*xggm \Y
ILEAK | Input leakage current \\ Y \Z R - 1 uA
Cl Input capacitance (W - (O - - 10 pF
OSCIO (Input/Output) ({ >~ RNND))
7\ VDDM3>S 2. [0.7*VDDM - [VDDM+0.3
VIHwo | High level input v@ ~2/425V =X \VDBM.< 2V_|0.8°VDDM - \VDDM+03 V
VODM K125V [0.9*VDDM - |VDDM+0.3
~VDDNLSE 2V 04 - [0.3*VDDM[
ViLyo | Low |eWput volt R4254SZVDDM < 2V -0.4 - |0.2"VDDM
DDM < 1.425V 0.4 - [0.1*VDDM
ILEAK | Input leakage current S - -1 - 1 HA
Cl Inputcapacitarice - - - 10 pF
VOH,, /High leveloutput voltage X - VDDM-0.3 - VDDM | V
VOL _| bow level guitputvoltage D - -0.4 - 0.3 Vv
I(%\wg\h%v\eyytput sodw\&nt \C%%MMZ_ZZ\)/ g mA
IOLy; ow Iev%utput sink current \C%%MMZ_ZZ\)/ i mA

SCL (Input)and SDA (Input/Output) ©

SDA

SCL

|

CL

TL:)W‘I E‘r e

+‘

|
|
|
[
I
Ly
|
Lol
Lo
Lol
Eo
Il |

‘**

etailed I°C specifications.
. 3

Interface comiplies with slave F/S mode I°C interface as described by Philips I°C specification version 2.1
dated January, 2000. Please refer to that document for more d

Ls.i THDSTA  TiopaT  TihioH SUSTA™ | _T_i
VOL Low level output voltage -
I0Ly Low level output sink current K/%%I\I/\I;:ZZ\)/ -
VIHur High level input voltage Y/?D?Dl\l/\l/lfzz\)/ 8;:xggm
ViLy Low level input voltage \Q%%I\l/\lf:zz\)/ 83 - 0.2*VDDM \
Rev 4 — 26" April 2011 8 www.semtech.com
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fscL SCL clock frequency - - - 400 kHz
Hold time (repeated) START ) i )
thp;sTA condition 06 HS
tLow LOW period of the SCL clock - 1.3 - - us
thicH HIGH period of the SCL clock - 0.6 - - us
Set-up time for a repeated
tsu;sTa START condition ) 06 ) ) HS
tHD.DAT Data hold time - o™ - 0.9% us
tsu.pAT Data set-up time - 100" - - ns
t, Rise time of both SDA and SCL - 20+0.1Cp,""] < 300 ns
t Fall time of both SDA and SCL - 20+0.1Ch - 300 ns
tsu.sTo Set-up time for STOP condition - 06 N\ - us
Bus free time between a STOP
taur and START condition ) &% @)\\9 ) HS
Cop Capacitive load for each bus line - - - 400 pF
Noise margin at the LOW level 0.1%
VoL for each connected device - VIjDM - \Y
(including hysteresis) NN
Noise margin at the HIGH level \) 0.2+
AV for each connected device - - .DM - \Y
(including hysteresis) O
Pulse width of spikes
tsp suppressed by the input filter @ ((\ i 50 ns
Miscellaneous N 7 (Y
Programmable pull-up/down DN ) i
RPULL resistors for 10[0-7] (\ @ \) 42 kO
<©\§Ifﬁernal D 1.3 2 2.6
fosc Oscillator frequency Terﬁal o O MHz

(1) Assuming no load connected to guiputs and in fIXéCHWCCl
(2) Can be increased by tying togethenand driving similtaneously

(3) All values referred to VIHuR min ang MLy max levels.

A signal (referred to VIHwr min) to bridge the undefined region of
the falling edge of SCL.
(5) The maximum tHD pkT b

~ not tch the LOW period (tLow) of the SCL signal.
o de®C-bus system, but the requirement tsy.pat 2 250 hs must then be met.
the LOW period of the SCL 5|gna|

¢apy be used |naSt
if the device does

Rev 4 — 26" April 2011 9 www.semtech.com



SX1508B/SX1509B

World's Lowest Voltage Level Shifting GPIO
with LED Driver and Keypad Engine

3

3

T
I
I
T
I
I
T
I
I
|
I
|
|
I
I
@
n
|
4
I
44
|
1
I
il
|
I
i
I
al
I
4
I
|

www.semtech.com

10

Figure 3 — Typical Operating Characteristics
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4 BLOCK DETAILED DESCRIPTION

4.1 SX1508B 8-channel I°C GPIO with LED Driver and Keypad Engine

0OsCIo

%

xternal Intensity (PWM
Clock

Blink (Timer)
Internal

Oscillator

16 Keys Max

SCL X

Filter

SDA K>

ADDR1 [
ADDRO X

T
N
i riwer and Keypad Engine
:: ad Engine

AN
& S Intensity (PWM

64 Keys Max || g

— \\\B Blink (Timer)
Sleep/W
N

N

Figure 4 — 8-channel Lo

4.2 SX1509B 16-channel

v

— vcel

> 1/0[2]
> 1/0[3]
> 1/0[4]
[ 1/0[5]
> 1/0[6]
>3] 1/0[7]

1/0 Bank A
VDDM X

NRESET &

scL X Input

SDA B> Filter L[] 1/0[10]
1/0 Bank B X 1/0[11]

ADDR1 X > 1o[12]
ADDRO X [>kd V/o[13]

X 1/0[14]
>3] 1/0[15]

SX1509B

3 NINT

o

GND
Figure 5 — 16-channel Low Voltage GPIO with LED Driver and Keypad Engine
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4.3 Reset

4.3.1 Hardware (NRESET)

The SX1508B and SX1509B generate their own power on reset signal after a power supply is connected to the
VDDM pin. NRESET input pin can be used to reset the chip anytime, it must be connected to VDDM (or greater)
either directly (if not used), or via a resistor.

? ¢ 9

| | | |
\ \ l \
VDROPH — | — /L 4 ——=
VDDM \ l \ \
VPOR — A — — — — — — Tt ==t
VDROPL /| — N O R
\ \ l \ \
\ \ l \ \
\ \ l \ \
\ \ l \ \
\ \ l \ \
I
\
Reset ! s
Signal } A
| i
[ \
I treseT | Moy | | ‘ % treser |
Figure 6 — Power-

nditi
1. Device behavior is undefined until VDDM POR, at @ internal reset procedure is
started.
| ©
3. In operation, the SX1508B and SX15 (J LED driver counters only depending
> i ESET low for tpy sg or longer. Chip can
be accessed normally again after NF [
4. During a brown-out eyént-iy

5. During a brown-out eve

6. During a brown-out event, if VDRM b %
f aan
iINnot

areset will not occur.
H and VDROPL a reset may occur.
L a reset will occur next time VPOR is crossed.

Please note that a n-out even nt event on VDDM. If VDDM is attached to a battery,
then the gradual d %ﬂ'nterpreted as a brown-out event.
Please also note ay induce a circuit reset.

battery voltage
rise in VDD

~—

gReset register will reset all registers to their default values.

Interface (IZC)

The SX1508B\and SX1509B 2-wire interface operates only in slave mode. In this configuration, the device has
one or 4 possible devices addresses defined by ADDR[1:0] pins:
Device ADDR[1:0] Address Description
00 0x20 (0100000) | First address of the 2-wire interface
SX1508B 01 0x21 (0100001) | Second address of the 2-wire interface
10 0x22 (0100010) | Third address of the 2-wire interface
11 0x23 (0100011) | Fourth address of the 2-wire interface
00 Ox3E (0111110) | First address of the 2-wire interface
SX1509B 01 Ox3F (0111111) Se_cond address of the 2_—Wire interface
10 0x70 (1110000) | Third address of the 2-wire interface
11 0x71 (1110001) | Fourth address of the 2-wire interface

Table 6 - 2-Wire Interface Address

2 lines are used to exchange data between an external master host and the slave device:
e SCL : Serial CLock
» SDA : Serial DAta
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The SX1508B and SX1509B are read-write slave-mode 1°C devices and comply with the Philips I°C standard
Version 2.1 dated January, 2000. The SX1508B and SX1509B have a few user-accessible internal 8-bits
registers to set the various parameters of operation (Cf. 85 for detailed configuration registers description). The
I°C interface has been designed for program flexibility, in that once the slave address has been sent to the
SX1508B or SX1509B enabling it to be a slave transmitter/receiver, any register can be written or read
independently of each other. The start and stop commands frame the data-packet and the repeat start condition
is allowed if necessary.

Seven bit addressing is used and ten bit addressing is not allowed. Any general call address will be ignored by
the SX1508B and SX1509B. The SX1508B and SX1509B are not CBUS compatible add . can operate in standard
mode (100kbit/s) or fast mode (400kbit/s).

441 WRITE &

After the start condition [S], the slave address (SA) is sent, followed by an eig
slave then Acknowledges [A] that it is being addressed, and the Mast
the slave Register Address (RA). The Slave Acknowledges [A] and
Byte (WDO0). Again the slave Acknowledges [A]. In case the master needs
Data Byte will follow (WD1), acknowledged by the slave [A]. Fhis sequenc
terminates the transfer with the Stop condition [P].

| S| SA 0] A|[RA| A |WDO| A |WD e

appropriate 8 bit Data
e data, a succeeding 8 bit

S: Start condition

SA: Slave Address

A: Acknowledge

RA: Register Address
WDn: Write Data byte (O..
P: Stop conditio

fr a&g slave
r e to master

Figure

AN | |

ve Address Data to Port
W ; {\ NN < \ |
1

N\ N\ s
soa S0 fafofofofofofafoyopofofsfojofofa] patat  [A[P]
. RN ¥ 7
W rom Slave } ACK From Slave :ACK From Slave
Write t @ ‘ If \
; N
F?:;a&&:: 1 : }C Data 1 Valid
Figure 8 — Example: Write RegData Register

4.4.2 READ

After the start condition [S], the slave address (SA) is sent, followed by an eighth bit (‘0’) indicating a Write. The
slave then Acknowledges [A] that it is being addressed, and the Master responds with an 8 bit Data consisting of
the Register Address (RA). The slave Acknowledges [A] and the master sends the Repeated Start Condition
[Sr]. Once again, the slave address (SA) is sent, followed by an eighth bit (‘1) indicating a Read.

The slave responds with an Acknowledge [A] and the read Data byte (RDO). If the master needs to read more
data it will acknowledge [A] and the slave will send the next read byte (RD1). This sequence can be repeated
until the master terminates with a NACK [N] followed by a stop [P].
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|s|sao/A[RA|A[Sr| SA [1] A |RDO| A | RD1 A |RDn|[N|P|

S: Start condition H_J H_)

SA: Slave Address

Sr: Repeated Start condition optional optional

A: Acknowledge

N: Not Acknowledge (terminating read stream) E from master to slave
RA: Register Address

RDn: Read Data byte (0...n) E from slave to master
P: Stop condition

Figure 9 - 2-Wire Serial Interface, Read Operation

When successive register data (RD1...RDn) is read by the master, the register addres
incremented or kept fixed depending on the setting programmed in RegMisc.

will\oe automatically

4.5 1/O Banks

4.5.1 Input Debouncer

Each input can be individually debounced by setting corresp hits in RegDebounce register. At power up

the debounce function is disabled. After enabling the debouncer;the change of the i value is accepted only if
the input value is identical at two consecutive sampling times.
The debounce time common to all I0s can be set in bounceConfig regi fram 0.5 to 64ms (fOSC =

2MHz). i

4.5.2 Keypad Scanning Engine

applications up to 8x8 matrix (i.e. 64
Please note that SX1509B also impl
key has been pressed for a pyo

——O#
107 T
-10[3-0] as outputs (scanning) ]
- 10[7-4] as inputs "
X Y

Figure 10 — 4x4 Keypad Connection to SX1508B

Following procedure should be implemented on the host controller for a 4x4 keypad:

1. Set RegDir to 0xFO (10[3-0] as outputs, 10[7-4] as inputs) , set RegOpenDrain to OxOF (10[3-0] as open-drain
outputs), set RegPullup to OxFO (pull-ups enabled on inputs 10[7-4]).

2. Enable and configure debouncing on 10[7-4] (RegDebounceEnable = 0xFO0, Ex : RegDebounceConfig = 0x05)
3. Enable and configure keypad scanning engine (Ex : RegKeyConfig = 0x7D) This will start an infinite loop with

the following sequence to I0[3:0]: ZZZ0, ZZ0Z, Z0ZZ, 0ZZZ. Make sure that scan interval is set to higher value
than the debounce time.

4. When a key is pressed, NINT goes low, key scan is halted and the key coordinates are stored in RegKeyData:

e The column data will be stored in RegKeyData[7:4] (Note: column indication is active low)
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* The row data will be stored in RegKeyData[3:0] (Note: row indication is active low)

* When RegKeyData is read, this data along with the interrupt is automatically cleared (same behavior
as reading RegData) and the key scan continues to the next row.

5. Restart from point 4.

This implementation allows the host to handle both single and multi-touches easily (fast AAAAAA sequence is a
long press of key A, fast ABABABAB sequence is key A and key B pressed together, efc)

4.5.3 Level Shifter

Because of their 5.5V tolerant /O banks with independent supply voltages bet#jgen
and SX1509B can perform level shifting of signals from one /O bank to al
programming the corresponding configuration register bits accordingly in Reg
This can save significant BOM cost in a final application where only W sl
need for an additional external level shifter IC).

The minimum pulse width tL properly depends on VCCx and VDDM:

tLe iftMi $NCore Delay + Output Delay
Input/Core/Output ys vg'YCCx/VDDM ar&given @ gures below.
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10 Input Delay vs. Supply Voltage
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I e — WO\
Q \// Figure%k%}é/el Shifter Max Frequency Calculation Data

4.5.4 ity Inverter

Each 10’s polasity can be individually inverted by setting corresponding bit in RegPolarity register. Please note
that polarity inversion can also be combined with level shifting feature.

40.000

4.6 Interrupt (NINT)

At start-up, the transition detection logic is reset, and NINT is released to a high-impedance state. The interrupt
mask register is set to OxFF, disabling the interrupt output for transitions on all I/O ports. The transition flags are
cleared to indicate no data changes.

An interrupt NINT can be generated on any programmed combination of 1/Os rising and/or falling edges through
the ReglnterruptMask and RegSense registers.
If needed, the 1/0Os which triggered the interrupt can then be identified by reading ReglnterruptSource register.

When NINT is low (i.e. interrupt occurred), it can be reset back high (i.e. cleared) by writing OxFF in
ReglnterruptSource (this will also clear corresponding bits in RegEventStatus register).
The interrupt can also be cleared automatically when reading RegData register (Cf. RegMisc)

Example: We want to detect rising edge of 1/0[1] on SX1508B (NINT will go low).
1. We enable interrupt on I/O[1] in ReginterruptMask
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= ReglnterruptMask =“XXXXXX0X"

2. We set edge sense for I/O[1] in RegSense
= RegSenseLow =“XXXX01XX"

Please note that independently from the “user defined” process described above the keypad engine, when
enabled, also uses NINT to indicate a key press.
Hence we have NINT = “user defined condition occurred” OR “keypad engine condition occurred”.

4.7 Clock Management
A main oscillator clock fOSC is needed by the LED driver, keypad engine and deboune

Clock management block is illustrated in figure below.

Interna
Oscillator

The block is configured in register RegClock (Cf 85
» Selection of internal clock source: none
» Definition of OSCIO pin function (OSCI
» OSCOUT frequency setting (sub-multi

Please note that if needed the OSCO

4.8 LED Driver

4.8.1 Overview

Every 10 has its 0
control (PWM) whi

Cf 862 fortypical LED connection) , all I0s can perform intensity
udg Blinking and breathing features (Cf pin description §1)

» Single shot mode (blinking capable 1/Os only, with or without fade in/out)

» Blink mode (blinking capable 1/0s only, with or without fade in/out)
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RegData[X]
A

1

0

I0[X] Intens ity (PWM value)
4

100%]

1onX |

10ffx|

TRiseX ' TOnX

Each 10[X] has its own set of programmable regi more deta@rmaﬁon):
RegTONX (blinking capable I/Os only): @ S
ReglOnX (all I/0s): IOnX, ON intepsity ©

nd intensity of 10[X]
f IO[X]

VVYVYVYV

s (with Off intensity = 0), else invoked when TOnX = 0.
sity will step directly to the IOnX/IOffX value.

On intensity(max) determined by

register ReglOnX
IOLED(X) level \\ //

Off intensity(min) determined by
register ReglOffX
Fade in rate determined by Fade out rate determined
register RegTRiseX by register RegTFallX

Figure 15 — LED Driver Static Mode

4.8.3 Single Shot Mode

Invoked when TOnX = 0 and TOffX = 0.
If the 1/0O doesn’t support fading the LED intensity will step directly to the IOnX/IOffX value.
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RegData(X) ] ]

1
On intensity(max)- |
IOLED(X) level ' :ﬂ
I
Off intensity(min) // M//
Minimum intensity duration

Fade in rate determined by
register RegTRiseX determined by register
RegData(x)

Fade out rate determined
by register RegTFallX

Figure 16 — LED Driver Single Shot Mode

4.8.4 Blink Mode

Invoked when TOnX = 0 and TOffX != 0.
If the 1/0O doesn’t support fading the LED intensity will step dirc@

When RegD cleared, the LED
Il)/complet ramp, and then

m intensity

RegData(X) ] @ A @ N\

nt \ Maximum intensity

inte ) duration determined by
T register RegTONX

7 — LED Driver Blink Mode

4.8.5 Driver Modes

For each 10 bank, the LED driver mode of fading capable I0s can be selected between linear or logarithmic in
RegMisc.

Lin. |Log. | Lin. | Log. | Lin. | Log. | Lin. | Log. | Lin. | Log. | Lin. | Log. | Lin. | Log. | Lin. | Log.
0 0 32 4 64 13 96 28 | 128 | 53 ]| 160 | 88 | 192 | 135 | 224 | 198
1 0 33 4 65 13 97 28 | 129 | 53 ]| 161 | 88 | 193 | 135 | 225 | 198
2 0 34 4 66 13 98 30 | 130 | 53 | 162 | 88 | 194 | 135 | 226 | 198
3 0 35 4 67 13 99 30 | 131 | 53 | 163 | 88 | 195 | 135 | 227 | 198
4 0 36 5 68 14 1100 | 31 | 132 | 56 | 164 | 93 | 196 | 142 | 228 | 207
5 0 37 5 69 14 1101 | 31 | 133 | 56 | 165 | 93 | 197 | 142 | 229 | 207
6 0 38 5 70 14 1102 | 32 | 134 | 56 | 166 | 93 | 198 | 142 | 230 | 207
7 0 39 5 71 14 1103 | 32 | 135 | 56 | 167 | 93 | 199 | 142 | 231 | 207
8 1 40 6 72 16 | 104 | 34 | 136 | 60 | 168 | 98 | 200 | 150 | 232 | 216
9 1 41 6 73 16 | 105 | 34 | 137 | 60 | 169 | 98 | 201 | 150 | 233 | 216

10 1 42 6 74 17 1106 | 35 | 138 | 60 | 170 | 98 | 202 | 150 | 234 | 216
11 1 43 6 75 17 1107 | 35 | 139 | 60 | 171 | 98 | 203 | 150 | 235 | 216
12 1 44 7 76 18 | 108 | 36 | 140 | 65 | 172 | 104 | 204 | 157 | 236 | 225
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3] 1 [ 45 7 [ 77 ] 18 [109 ] 36 | 241 ] 65 | 173 | 104 [ 205 | 157 | 237 | 225
4 | 1 | 46 | 7 | 78 | 19 | 110 | 38 | 142 | 65 | 174 | 104 | 206 | 157 | 238 | 225
15 | 1 | 47 | 7 | 79 | 19 [ 111 | 38 | 143 | 65 | 175 | 104 | 207 | 157 | 239 | 225
16 | 2 | 48 | 8 | 80 | 20 | 112 | 39 | 144 | 69 | 176 | 110 | 208 | 165 | 240 | 235
17 | 2 | 49 | 8 | 81 | 20 | 113 | 39 | 145 | 69 | 177 | 110 | 209 | 165 | 241 | 235
18 | 2 | 50 | 8 | 82 | 21 | 114 | 41 | 146 | 69 | 178 | 110 | 210 | 165 | 242 | 235
19 | 2 | 51 | 8 | 83 | 21 | 115 | 41 | 147 | 69 | 179 | 110 | 211 | 165 | 243 | 235
20 | 2 | 52 | 9 | 84 | 22 | 116 | 42 | 148 | 73 | 180 | 116 | 212 | 172 | 244 | 245
21 | 2 | 53 | 9 | 8 | 22 | 117 | 42 | 149 | 73 | 181 | 116 | 213 | 172 | 245 | 245
22 | 2 | 54 | 9 | 8 | 23 | 118 | 44 | 150 | 73 | 182 | 116 | 284 | 172 | 246 | 245
23 | 2 | 55 | 9 | 87 | 23 | 119 | 44 | 151 | 73 | 183 | 116 | 218\ 172 | 247 | 245
24 | 3 | 56 | 10 | 88 | 24 | 120 | 46 | 152 | 78 | 184 | 122 216 481 | 248 | 255
25 | 3 | 57 | 10 | 89 | 24 | 121 | 46 | 153 | 78 | 185 |22 ([C227) 181 | 249 | 255
26 | 3 | 58 | 10 | 90 | 25 | 122 | 46 | 154 | 78 | 186 | 422 | 248 \. 381 | 250 | 255
27 | 3 | 59 | 10 | 91 | 25 | 123 | 46 | 155 | 78 | 487 K\u22°[\248-{)181 | 251 | 255
28 | 3 | 60 | 11 | 92 | 26 | 124 | 49 | 156 | 83 8 | 129 220 [ 189 | 252 | 255
20 | 3 | 61 | 11 | 93 | 26 | 125 | 49 | 157 | 83°f 180 129 221 | 189 | 253 | 255
30 | 3 | 62 | 12 | 94 | 27 | 126 | 49 | 158 | 83 | 190\\129 |}P222 | 189 | 254 | 255
31 | 3 | 63 | 12 | 95 | 27 | 127 | 49 | 15983 | 191 |\i29 | 223 | 189 | 255 | 255

Table 7 — LED Driver Linear vs L)sé\q/hr’i:b&iunction (1)
(\ A(({Q\

300 @j\ (s S

)
e
)

2
©

=Y @%\\v

50 =R\

10n (10ff)

TR T

LI S s e
127 136 145 154 163 172 181 190 199 208 217 226 235 244 253
10n (4xRegOff[2:0])

Figure ﬁ\;\l‘—fD Driver Linear vs Logarithmic Function (II)

4.8. Synchppnization of LED Drivers across several ICs

When several GPIO expanders are used in the same application it may be useful that their LEDs drivers are
synchronous for coherent global operation.

In this case all ICs should share their fOSC through their OSCIO pins and have their reset connected together.
When RegMisc of each IC is set accordingly, NRESET signal can then be used to reset all devices’ internal

counters (but not the register settings) and allow synchronous LED operation (blinking, fading) across multiple
devices.

4.8.7 Tutorial

Below are the steps required to use the LED driver with the typical LED connection described §6.2:

- Disable input buffer (RegInputDisable)
- Disable pull-up (RegPullUp)
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- Enable open drain (RegOpenDrain)

- Set direction to output (RegDir) — by default RegData is set high => LED OFF

- Enable oscillator (RegClock)

- Configure LED driver clock and mode if relevant (RegMisc)

- Enable LED driver operation (RegLEDDriverEnable)

- Configure LED driver parameters (RegTOn, ReglOn, RegOff, RegTRise, RegTFall)
- Set RegData bit low => LED driver started

6&\@

o
@@

&
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5 CONFIGURATION REGISTERS

51

SX1508B 8-channel GPIO with LED Driver and Keypad Engine

Device and |0 Banks
0x00 ReglnputDisable Input buffer disable register 0000 0000
0x01 ReglLongSlew Output buffer long slew register 0000 0000
0x02 RegLowDrive Output buffer low drive register 0000 0000
0x03 RegPullUp Pull-up register 0000 0000
0x04 RegPullDown Pull-down register \ 0800 0000
0x05 RegOpenDrain Open drain register A {( [\ \>H000 0000
0x06 RegPolarity Polarity register O\( ) 0000 0000
0x07 RegDir Direction register 1111 1111
0x08 RegData Data register 1111 1111
0x09 ReglnterruptMask Interrupt mask register 1111 1111
O0x0A RegSenseHigh Sense register for I/OF7ATN 0000 0000
0x0B RegSenselLow Sense register for I/Q[§:0] ) 0000 0000
0x0C ReglnterruptSource Interrupt source regisﬁw\ N 0000 0000
0x0D RegEventStatus Event status register NN (~\ 0000 0000
OxOE RegL evelShifter Level shifter register / 0000 0000
0XOF RegClock Clock managérientyegister (( 0000 0000
0x10 RegMisc MiscellageQus\dexice settings registef,~> )) 0000 0000
0x11 RegLEDDriverEnable LED drivehenable registey A 0000 0000
Debounce and Keypad Engine /| N
0x12 RegDebounceConfig Dekounee configuration registar, 0000 0000
0x13 RegDebounceEnable | Debounde enable register( (7 '/ 0000 0000
0x14 RegKeyConfig \ | Key gcan tenjiguration register ) ) 0000 0000
0x15 RegKeyData AN\ ' Key vafoe 1111 1111
LED Driver (PWM, blinking, bfeathing) ) ((
0x16 Reglon0 [ ( ON intensity registarfon/o[0] 1111 1111
0x17 Reglonl \ \ON intensity\egistexfor 1/0[1] 1111 1111
0x18 RegTon2 ) )| ON tim@(egistexiay [/0[2] 0000 0000
0x19 REON2 ONdintensity register for 1/0[2] 1111 1111
0x1A ‘RéqOff2 QFF\ime/itensity register for /O[2] 0000 0000
0x1B ReyIQn3 NQNtiRe\register for 1/0[3] 0000 0000
0x12 | ReéglOns \ONXNensity register for 1/0[3] 1111 1111
[RS; RegOff3 NQKF time/intensity register for 1/0[3] 0000 0000
_OxXLE RegTRise3 N \Fade in register for 1/O[3] 0000 0000
OXDE egTFall3 Fade out register for I/O[3] 0000 0000
0x20 ) | Regl@n4 N ON intensity register for 1/O[4] 1111 1111
02y ReglOn5 ON intensity register for I/0[5] 11111111
0X22, RegTON6 ON time register for 1/0[6] 0000 0000
Oxzé\ ReglOn6 ON intensity register for I/O[6] 11111111
0x24 RegOff6 OFF time/intensity register for I/O[6] 0000 0000
0x25 RegTON7 ON time register for 1/0O[7] 0000 0000
0x26 ReglOn7 ON intensity register for I/O[7] 1111 1111
0x27 RegOff7 OFF time/intensity register for I/O[7] 0000 0000
0x28 RegTRise7 Fade in register for 1/0O[7] 0000 0000
0x29 RegTFall7 Fade out register for 1/0[7] 0000 0000
Miscellaneous
0x2A | RegHighlnput | High input enable register 0000 0000
Software Reset
0x7D | RegReset | Software reset register 0000 0000
Test (not to be written)
OX7E RegTestl Test register 0000 0000
OX7F RegTest2 Test register 0000 0000

Bits set as OUEPUE Take "1 as deraun valie.

Table 8 — SX1508B Configuration Registers Overview
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Addr | Name Default| Bits | Description
Disables the input buffer of each 10
0x00 ReglnputDisable 0x00 7.0 0 : Input buffer is enabled (input actually being used)

1 : Input buffer is disabled (input actually not being used or LED connection)

Enables increased slew rate of the output buffer of each [output-configured] IO
0x01 RegLongSlew 0x00 7:0 0 : Increased slew rate is disabled
1: Increased slew rate is enabled

Enables reduced drive of the output buffer of each [output-configured] 10
0x02 RegLowDrive 0x00 7.0 0 : Reduced drive is disabled
1 : Reduced drive is enabled. IOL specifications are(tivided by 2.

Enables the pull-up for each 10

0x03 RegPullUp 0x00 7:0 0 : Pull-up is disabled

1: Pull-up is enabled

Enables the puII -down for each 10 U
0x04 RegPullDown 0x00 7.0 0 : Pull-down is disabled

1 : Pull-down is enabled

Enables open drain operation fo h[o -con éel}JO
0x05 RegOpenDrain 0x00 7:0 0 : Regular push-pull operatio
1 : Open drain operation

Enables polarity inversion for each 10
0x06 RegPolarity 0x00 7.0 0 : Normal polarity : [X] = 10[X]

1 : Inverted polarity : RegD [X] = NO[x] (forboth input and output configured 10s)

Configures direction f
0x07 RegDir OXFF 7:0 0 10 is configured as put
.10 is configured as an i (N

] erte Data to ut to the.quipat-co
0x08 | Regbata OxFF 70 Read: D\ata sedn at h I0s, |ndependentmtlon configured.
Configu hi | ut nfigured] | \t@an interrupt on NINT pin
0x09 ReglnterruptMask OxFF 7:0 O0:Ane t n il trigger an i
1 : A event hIS il NOTtrigger rrupt
7:6 | Edgé sepsitivityof RegData[7]\{ 00 : None
0x0A | RegSenseHigh 0x00 514 | Edge seyfsitivity of RegDafafe] \<_)) 01 : Rising
3:2 ( ( Edgesensitivily of RegDatalg] () 10 : Falling
10 \ \Edde sensitivity of ReDafd}—" 11 : Both
28 |\Edge gepsitivity gfRegData[3] 00 : None
0x0B | RegSenselLow x00 54 Eageﬁéns!t|v!§y\6f RéaRatal2] 01:Rising
3:2 dge sensifivity stRegDatal1] 10 : Falling
1.0 | | Edge sa@kﬁ\(\lt%qf)?%gData[O] 11 Both

ijj Interrup {from 10s set in ReglnterruptMask)
0: |nte t has been triggered by this 10
{nt t has been triggered by this 10 (an event as configured in relevant

0x0C | ReglinterruptSourse 0x00 7:0 e Tregister occured).

\%:tl 0 '1' clears the bit in ReglnterruptSource and in RegEventStatus
en all bits are cleared, NINT signal goes back high.

L Event status of all I0s
0 : No event has occured on this |10
1: An event has occured on this 10 (an edge as configured in relevant RegSense
0oxoD | R eniStatus 0x00 7.0 register occured).

Writing '1' clears the bit in RegEventStatus and in ReglnterruptSource if relevant.
If the edge sensitivity of the 10 is changed, the bit(s) will be cleared automatically

7.6 Level shifter mode for I0[3] (Bank A) and I10[7] (Bank B) 00 : OFF
5:4 Level shifter mode for I0[2] (Bank A) and I10[6] (Bank B) 01:A->B
3:2 Level shifter mode for I0[1] (Bank A) and IO[5] (Bank B) 10:B->A
1:0 | Level shifter mode for 10[0] (Bank A) and 10[4] (Bank B) 11: Reserved

Ox0E RegLeve [Shifter 0x00

Oscillator frequency (fOSC) source

00 : OFF. LED driver, keypad engine and debounce features are disabled.
6:5 01 : External clock input (OSCIN)

10 : Internal 2MHz oscillator

11 : Reserved

0xOF | RegClock 0x00 OSCIO pin function (Cf. §4.7)
4 0: OSCIO is an input (OSCIN)
1: OSCIO is an output (OSCOUT)

Frequency of the signal output on OSCOUT pin:
0x0 : OHz, permanent "0" logical level (GPO)
OxF : OHz, permanent "1" logical level (GPO)
Else : fOSCOUT = fOSC/(2"(RegClock[3:0]-1))

3.0

LED Driver mode for Bank B ‘s fading capable 10s (107)
0x10 RegMisc 0x00 7 0: Linear

1: Logarithmic
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Frequency of the LED Driver clock CIkX of all 10s:
6:4 0 : OFF. LED driver functionality is disabled for all 10s.
Else : CIkX = fOSC/(2"(RegMisc[6:4]-1))
LED Driver mode for Bank A ‘s fading capable 10s (103)
3 0: Linear
1: Logarithmic
NRESET pin function when externally forced low (Cf. 84.3.1 and §4.8.5).
2 0: Equivalent to POR
1: Reset PWM/BIlink/Fade counters (not user programmed values)
This bit is can only be reset manually or by POR, not by NRESET.
Auto-increment register address (Cf. §4.4)
1 0: ON. When several consecutive data are read/wrif{en, register address is incremented.
1: OFF. When several consecutive data are read/written\ register address is kept fixed.
Autoclear NINT on RegData read (Cf. 84.6)
0 0: ON. ReglnterruptSource is also automatically wi RegData is read.
1: OFF. ReglnterruptSource must be manually cleared,eithe ctly or via
RegEventStatus. /\
Enables LED Driver for each [outputsgonfjgu M
0x11 RegLEDDriverEnable 0x00 7.0 0 : LED Driver is disabled
1: LED Driver is enabled /2
Debounce time (Cf. 84.5.1)
000: 0.5ms x 2MHz/fOS
001: 1ms x 2MHz/fO$
; 010: 2ms x 2MHz/fOS
0x12 RegDebounceConfig 0x00 20 O11- 4ms x 2MHZ/fOS
100: 8ms x 2MHz/fOSC
101: 16ms x 2 fOSC
110: 32ms x C
111: 64nsx AMHZAOSC {\
Enables¢defou Ciw ch [input-cdafigur
0x13 RegDebounceEnable 0x00 7.0 0 : Debounting is di €
1 :ﬁegg‘mﬁ\gin epabled /[
Ao 0
bdr of r utputs) K key Scar’énable
. Ke FF
& /2 tews=10[0:1]
4:3
0x14 RegKeyC onfig 0x00
inedger row (must be set above debounce time).
: X 2MHz/fOSC
ms x 2MHz/fOSC
\&1 0 :"4ms x 2MHz/fOSC
X : 8ms x 2MHz/fOSC
00 : 16ms x 2MHz/fOSC
101 : 32ms x 2MHz/fOSC
110 : 64ms x 2MHz/fOSC
111 : 128ms x 2MHz/fOSC
Key which generated NINT (active low)
0x15 RegKe! a OXFF 7:0 Ex: RegKeyData=11011110 => key [I05;100] has been pressed and generated NINT
When read it is automatically cleared together with NINT and key scan continues.
ON Time of 10[X]:
0xXX | RegTOnX 0x00 20 0 : Infinite (Static mode, TOn directly controlled by RegData, Cf §4.8.2)
' 1-15:TOnX = 64 * RegTONX * (255/CIkX)
16 - 31: TOnX =512 * RegTONX * (255/CIkX)
ON Intensity of I0[X]
0xXX | ReglOnX OXFF 7:0 - Linear mode : IOnX = ReglOnX
- Logarithmic mode (fading capable 10s only) : 10nX = f(ReglOnX) , Cf §4.8.5
OFF Time of 10[X]:
7:3 0 : Infinite (Single shot mode, TOff directly controlled by RegData, Cf §4.8.3)
: 1- 15 : TOffX = 64 * RegOffX[7:3] * (255/CIkX)
0xXX | RegOffx 0x00 16 - 31 : TOffX = 512 * RegOFffX[7:3] * (255/CIkX)
OFF Intensity of IO[X]
2.0 - Linear mode : IOffX = 4 x RegOff[2:0]
- Logarithmic mode (fading capable 10s only) : 10ffX = f(4 x RegOffX[2:0]) , Cf §4.8.5
Fade In setting of IO[X]
OxXX RegTRiseX 0x00 40 0: OFF
' 1-15: TRiseX = (ReglOnX-(4xRegOffX[2:0])) * RegTRiseX * (255/CIkX)
16 - 31 : TRiseX = 16 * (ReglOnX-(4xRegOffX[2:0])) * RegTRiseX * (255/ClkX)
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0xXX | RegTFallX

0x00

4:0

Fade Out setting of IO[X]

0: OFF

1-15: TFallX = (ReglOnX-(4xRegOffX[2:0])) * RegTFallX * (255/CIkX)

16 - 31 : TFallX = 16 * (ReglOnX-(4xRegOffX[2:0])) * RegTFallX * (255/CIkX)

0x2A | RegHighlnput

0x00

7:0

Enables high input mode for each [input-configured] 10
0 : OFF. VIH max = 3.6V and VCCx min = 1.2V
1:ON. VIH max = 5.5V and VCCx min = 1.65V

0x7D | RegReset

0x00

7:0

Software reset register
Writing consecutively 0x12 and 0x34 will reset the device (same as POR).
Always reads 0.

Table 9 — SX1508B Configuration Registers Description

&
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SX1509B 16-channel GPIO with LED Driver and Keypad Engine

Device and | O Banks
0x00 ReglnputDisableB Input buffer disable register - I/0[15-8] (Bank B) 0000 0000
0x01 ReglnputDisableA Input buffer disable register - I/O[7-0] (Bank A) 0000 0000
0x02 RegLongSlewB Output buffer long slew register - I/0[15-8] (Bank B) 0000 0000
0x03 RegLongSlewA Output buffer long slew register - I/O[7-0] (Bank A) 0000 0000
0x04 RegLowDriveB Output buffer low drive register - 1/0[15-8] (Bank B) 0000 0000
0x05 RegLowDriveA Output buffer low drive register - 1/0[7-0] (Bank A) 0000 0000
0x06 RegPullUpB Pull-up register - 1/0[15-8] (Bank B) 0000 0000
0x07 RegPullUpA Pull-up register - 1/0[7-0] (Bank A) (O Q000 0000
0x08 RegPullDownB Pull-down register - 1/0[15-8] (Bank B) 0090 0000
0x09 RegPullDownA Pull-down register - I/O[7-0] (Bank A} .( \ ' [)}-0000 0000
Ox0A RegOpenDrainB Open drain register - 1/O[15-8] (Bank'B) \*\\ 0000 0000
0x0B RegOpenDrainA Open drain register - 1/0[7-0] (Barik A) 0000 0000
0x0C RegPolarityB Polarity register - 1/0[15-8] (Bank B) 0000 0000
0x0D RegPolarityA Polarity register - 1/0[7-0] (Bank A) 0000 0000
OXOE RegDirB Direction register - I/@[A5-8]{Bank B) 1111 1111
OxOF RegDirA Direction register - 1/Q[%:0] (Bank A) 1111 1111
0x10 RegDataB Data register - 1/O[15-8]tBank B)\ (O 1111 1111
0x11 RegDataA Data register - /0[7-0] (Bank\d) ) ) NN 11111111
0x12 ReglnterruptMaskB Interrupt mask Tegister - /O[158L¢Bank B\ 1111 1111
0x13 RegInterruptMaskA Interrugtmask kegister' - 1/0[7-0] (Bank-A\\ 1111 1111
0x14 RegSenseHighB Sense register of #O[15:12] N/ 0000 0000
0x15 RegSenseLowB Senseregistenfor VO8] L)) 0000 0000
0x16 RegSenseHighA Sefige régisteriorlQ[7:4] (> 0000 0000
0x17 RegSenseLowA |_Sense registenor 170[3:0] /=~ 7) 0000 0000
0x18 RegInterruptSourceB ([ Thierupt soujdeTegister< NQI1581Bank B) 0000 0000
0x19 ReglnterruptSourceA ™ \ [Jritefrupt Seurte registdr ~QN=8)/(Bank A) 0000 0000
0x1A RegEventStausB~, M |NEvent status regigfed~ MO[15-8] (Bank B) 0000 0000
0x1B RegEventStAtgsA Event status registef,~\YQ[?-0] (Bank A) 0000 0000
0x1C RegLevelShifterl evel shifteregister—) 0000 0000
0x1D RegLevelShitter2 \ \ | Yevel shifterradistep> 0000 0000
Ox1E RegClock /]| Clock managewent register 0000 0000
Ox1F RegMisc Miscellaneadis device settings register 0000 0000
0x20 EDPfiverEnableB DERtiveRenable register - 1/0[15-8] (Bank B) 0000 0000
0x21 “ReghEDPriverEnableA driver enable register - I/0[7-0] (Bank A) 0000 0000
Debouheé and ReypathEngine O WV
0x22\ RegRebounpeConfig ‘Debounce configuration register 0000 0000
%23, RegDEhounceEnabB\\ [vDebounce enable register - [/O[15-8] (Bank B) 0000 0000
0x24 |  NRegBebounceEnabiel Debounce enable register - [/0[7-0] (Bank A) 0000 0000
\0x25 / RegKeyConfigl Key scan configuration register 0000 0000
\Qg(<6 RegKeyConfig2 Key scan configuration register 0000 0000
OX\Z\Z RegKeyDatal Key value (column) 11111111
0x28 RegKeyData2 Key value (row) 11111111
LED Driver (PWM, blinking, breathing)
0x29 RegTONO ON time register for 1/0O[0] 0000 0000
O0x2A ReglOn0 ON intensity register for I/O[0] 1111 1111
0x2B RegOff0 OFF time/intensity register for I/O[0] 0000 0000
0x2C RegTONn1 ON time register for 1/O[1] 0000 0000
0x2D ReglOnl ON intensity register for I/O[1] 1111 1111
0x2E RegOffl OFF time/intensity register for |/O[1] 0000 0000
Ox2F RegTON2 ON time register for 1/0[2] 0000 0000
0x30 ReglOn2 ON intensity register for I/O[2] 1111 1111
0x31 RegOff2 OFF time/intensity register for I/O[2] 0000 0000
0x32 RegTON3 ON time register for 1/0O[3] 0000 0000
0x33 ReglOn3 ON intensity register for |/O[3] 1111 1111
0x34 RegOff3 OFF time/intensity register for I/O[3] 0000 0000
0x35 RegTONn4 ON time register for 1/O[4] 0000 0000
0x36 ReglOn4 ON intensity register for |/O[4] 1111 1111
0x37 RegOff4 OFF time/intensity register for |/O[4] 0000 0000
0x38 RegTRise4 Fade in register for 1/0O[4] 0000 0000
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0x39 RegTFall4 Fade out register for 1/O[4] 0000 0000
0x3A RegTON5 ON time register for 1/0[5] 0000 0000
0x3B ReglOn5 ON intensity register for I/O[5] 11111111
0x3C RegOff5 OFF time/intensity register for 1/0[5] 0000 0000
0x3D RegTRise5 Fade in register for 1/0[5] 0000 0000
O0x3E RegTFall5 Fade out register for I/O[5] 0000 0000
O0x3F RegTON6 ON time register for 1/0[6] 0000 0000
0x40 ReglOn6 ON intensity register for 1/O[6] 111111211
0x41 RegOff6 OFF time/intensity register for 1/0[6] 0000 0000
0x42 RegTRise6 Fade in register for 1/0[6] 0000 0000
0x43 RegTFall6 Fade out register for 1/0O[6] 0000 0000
0x44 RegTOn7 ON time register for /O[7] (( 28000 0000
0x45 ReglOn7 ON intensity register for I/O[7] [/ M1 1111
0x46 RegOff7 OFF time/intensity register for /O[7},  .{ \ \._[)}>0000 0000
0x47 RegTRise7 Fade in register for 1/0[7] \ 0000 0000
0x48 RegTFall7 Fade out register for I/O[7] 0000 0000
0x49 RegTON8 ON time register for 1/0[8] 0000 0000
Ox4A ReglOn8 ON intensity register for/Q[8] 11111111
0x4B RegOff8 OFF time/intensity regigtenfox 1/0[8] 0000 0000
0x4C RegTON9 ON time register for JQf9] J }—~. 0000 0000
0x4D ReglOn9 ON intensity register for HG[8] O 1111 1111
Ox4E RegOff9 OFF time/intensity register forl/O[9]) QL 0000 0000
Ox4F RegTON10 ON time register-fer ¥O[10] (N 0000 0000
0x50 ReglOn10 ON intehsjty registef i6r 1/0[10] A\ 1111 1111
0x51 RegOff10 OFF tim&/iitensityegistey for I/O[10\\ N/ 0000 0000
0x52 RegTOn1l ON time-edister forJJO[11] ) 0000 0000
0x53 ReglOn1l ON ifitensityreyistenfor 1/O[11]( 1111 1111
0x54 RegOff1l -QFF tifelintensity Tegistey forNQf11))) 0000 0000
0x55 RegTON12 (| ON time Yegister for VOFE2R\ <\ 0000 0000
0x56 ReglOn12 (> \[OWintensity fegisterdy IO/ 1111 1111
0x57 RegOff12 > >\ DOKF timg/intensifyragister forl/O[12] 0000 0000
0x58 RegTRise12 [ Fade i registexfor (fOL2)” 0000 0000
0x59 RegTFall12 \ \ Kade out registeNaN/O[12] 0000 0000
0x5A RegTOn13 ) )] ON time{reqisterfoiVO[13] 0000 0000
0x5B Regl@n13 /'] ON intensity reyister for I/0O[13] 11111111
0x5C RegOff13 QFRime/ingnsity register for 1/0[13] 0000 0000
0x5D RegTRisé18 Paged\register for I/0[13] 0000 0000
OX5E"_  REalti3 \Fade, out register for 1/0[13] 0000 0000
0x5F Reg RONA QN tirme register for 1/0[14] 0000 0000
_0x60\\_| ReglOR14 ON intensity register for 1/0[14] 1111 1111
OXEN\ RegOff14 OFF time/intensity register for 1/0[14] 0000 0000
0x62 | [ RegTRisel4 NN Fade in register for I/O[14] 0000 0000
Q%83 RegTFalll4 Fade out register for [/O[14] 0000 0000
Dx64 RegTON15 ON time register for I/O[15] 0000 0000
OXGS\ ReglOn15 ON intensity register for I/O[15] 11111111
0x66 RegOff15 OFF time/intensity register for 1/O[15] 0000 0000
0x67 RegTRisel5 Fade in register for I1/O[15] 0000 0000
0x68 RegTFalll5 Fade out register for I/O[15] 0000 0000
Miscellaneous
0x69 RegHighlnputB High input enable register - 1/0[15-8] (Bank B) 0000 0000
O0x6A RegHighlnputA High input enable register - 1/0[7-0] (Bank A) 0000 0000
Software Reset
0x7D | RegReset | Software reset register 0000 0000
Test (not to be written)
OX7E RegTestl Test register 0000 0000
Ox7F RegTest2 Test register 0000 0000

BItS set as OU!DUE Take "1 as deraun vame.

Table 10 — SX1509B Configuration Registers Overview

Rev 4 — 26" April 2011

27

www.semtech.com



Ve SX1508B/SX1509B
" SENMTECH World’s Lowest Voltage Level Shifting GPIO

with LED Driver and Keypad Engine

ADVANCED COMMUNICATIONS & SENSING

Addr | Name Default| Bits | Description
Disables the input buffer of each 10
0x00 ReglnputDisableB 0x00 7.0 0 : Input buffer is enabled (input actually being used)

1 : Input buffer is disabled (input actually not being used or LED connection)

Disables the input buffer of each 10
0x01 ReglnputDisableA 0x00 7:0 0 : Input buffer is enabled (input actually being used)
1 : Input buffer is disabled (input actually not being used, LED connection)

Enables increased slew rate of the output buffer of each [output-configured] IO

0x02 ReglLongSlewB 0x00 7.0 0 : Increased slew rate is disabled

1 : Increased slew rate is enabled

Enables increased slew rate of the output buffer of eashNoutput-configured] IO
0x03 RegLongSlewA 0x00 7:0 0 : Increased slew rate is disabled

1 : Increased slew rate is enabled

0x04 ReglLowDriveB 0x00 7.0 0 : Reduced drive is disabled

Enables reduced drive of the output bufferdf eacl{jpu > ohﬁ@red] 10
1 : Reduced drive is enabled. |IOL spsgifi ide

Enables reduced drive of the ougpgutbuffe ach 0 tbuLebnﬁgured] 10
0x05 RegLowDriveA 0x00 7:0 0 : Reduced drive is disabled
1 : Reduced drive is enabled. MOL speciications.are d|V|ded by 2.

Enables the pull-up for each 10
0x06 RegPullUpB 0x00 7.0 0: Pull-upis dlsabled
1:Pull-upis enable

Enables the pull-up fo éac,h’
0x07 RegPullUpA 0x00 7:0 0 : Pull-up is disabled
1: Pull-up is enabled

Enables the pulld - for eathl0
0x08 RegPullDownB 0x00 7.0 0: Pull own s abl
1: Pull- ed
Enables ul nf r ach 10
0x09 RegPullDownA 0x00 7:0
|s

a\fl n opera [output—configured] 10
O0x0A | RegOpenDrainB 0x00 7.0 r p “pull [ ion
endral

oper

abl open drai IIWOI’ each [output-configured] 10
0x0B RegOpenDrainA o) N ' ar pushtgu ion
pen draangR

nables ty ) n for each 10
0x0C | RegPolarityB 0 7 : Nor egData[x] = 10[X]
. Inve d RegData[x] = 11O[x] (for both input and output configured 10s)

les polarity inversion for each 10
0xOD | RegPolarityA x00 7:0 a%p arity : RegData[x] = IO[x]
polarity : RegData[x] = !lO[x] (for both input and output configured 10s)

ures direction for each 10.
Ox0E RegDi OXFF 5 \ is configured as an output
IO is configured as an input

\DB Configures direction for each 10.
OxOF @ OXFF : 0: 10 is configured as an output

1:10 is configured as an input

. Write: Data to be output to the output-configured I0s
o Re}DaéB OxFF 70 Read: Data seen at the 10s, independent of the direction configured.
ox11 RegDat Q > OXFE 7:0 Write: Data to be output to the output-configured I0s

Read: Data seen at the 10s, independent of the direction configured.

Configures which [input-configured] 10 will trigger an interrupt on NINT pin
0x12 ReglnterruptMaskB OxFF 7.0 0 : An event on this 10 will trigger an interrupt
1: An event on this 10 will NOT trigger an interrupt

Configures which [input-configured] 10 will trigger an interrupt on NINT pin

0x13 ReglnterruptMaskA OXFF 7:0 0 : An event on this 10 will trigger an interrupt
1 : An event on this 10 will NOT trigger an interrupt
7:6 Edge sensitivity of RegData[15] 00 : None
ox14 RegSens eHighB 0X00 5:4 Edge sens?t?v?ty of RegData[14] 01 Risi_ng
3.2 Edge sensitivity of RegData[13] 10 : Falling
1:0 Edge sensitivity of RegData[12] 11:Both
7:6 Edge sensitivity of RegData[11] 00 : None
ox15 | RegSenseLows 0x00 5:4 Edge sens?t?v?ty of RegData[10] gé E;SI;IT:]Q
3:2 Edge sensitivity of RegData[9] : 9
1:0 Edge sensitivity of RegData[8] 11 Both
7:6 Edge sensitivity of RegData[7] 00 : None
: 5:4 Edge sensitivity of RegData[6 01: Risin
Ox16 | RegSenseHighA 0x00 3.2 Edge sensitivitz of RegData{S} 10: FaIIin%
1:0 Edge sensitivity of RegData[4] 11:Both
0x17 RegSenseLow A 0x00 7:6 Edge sensitivity of RegData[3] 00 : None
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5:4

Edge sensitivity of RegData[2

3:2

Edge sensitivity of RegData[1

1.0

Edge sensitivity of RegData[0

0x18

ReglInterruptSourceB

0x00

7:0

Interrupt source (from 10s set in ReglnterruptMask)

0 : No interrupt has been triggered by this 10

1: An interrupt has been triggered by this 10 (an event as configured in relevant
RegSense register occured).

Writing '1' clears the bit in ReglnterruptSource and in RegEventStatus
When all bits are cleared, NINT signal goes back high.

0x19

ReglinterruptSourceA

0x00

7:0

Interrupt source (from 10s set in ReglnterruptMask)
0 : No interrupt has been triggered by this 10

1: An interrupt has been triggered by this 10 (an even
RegSense register occured).

configured in relevant

Writing '1' clears the bit in ReglnterruptSo<L}ce a
When all bits are cleared, NINT signal goes

Ox1A

RegEventStatusB

0x00

7:0

Event status of all I10s.
0 : No event has occured on this
1: An event has occured on thi
register occured).

Writing '1' clears the bitimRegEventStatu
If the edge sensitivit the\l® is changed,

HaN
N\

con ed in relevant RegSense

aqd in ReglnterruptSource if relevant.
e bit(s) will be cleared automatically

0x1B

RegEventStatusA

0x00

Event status of all IO
0 : No event has occure
1: An event has occured o
register occur

an edge figured in relevant RegSense

it in RegEvent: S glnterruptSource if relevant.
ity offﬁe 10 is chakiged hit(s) will be cleared automatically

0x1C

RegLeve IShifterl

LevetshiftenmodeNor+Op7] (Bank A) anthO[15] (Bank B) | 00 : OFF

0x00

Leve( shifter made jar 10[6] (BANRA) and TO[14] (Bank B) | 01: A->B

Levet spijter mode$dr IO[5HBANKA) gnt 10[13] (Bank B) | 10: B->A

| L&vel shifter yod® for 10[Af(BankAYdnd 10[12] (Bank B) | 11: Reserved

0x1D

RegLeve IShifter2

Levef shifter' ode for(lOfS1Bank)A) and 10[11] (Bank B) | 00 : OFF

M efel shifter mode foNQ[2ZNBank A) and 10[10] (Bank B) | 01: A->B

“evelghifter mode THNORH (Bank A) and 10[9] (Bank B) 10 : B->A

OX1E

RegCloc,

Levershifter made fgr N0 (Bank A) and 10[8] (Bank B) 11 : Reserved
N

D\ Rierved

OSC) source

) r, keypad engine and debounce features are disabled.
01 {External clock input (OSCIN)

Hz oscillator

0x00

B%éo\ﬁin function (Cf. §4.7)
: CIO is an input (OSCIN)

OSCIO is an output (OSCOUT)

K Frequency of the signal output on OSCOUT pin:

0x0 : OHz, permanent "0" logical level (GPO)
OxF : OHz, permanent "1" logical level (GPO)
Else : fOSCOUT = fOSC/(2"(RegClock[3:0]-1))

Ox1F

RegMisc

LED Driver mode for Bank B ‘s fading capable 10s (1015-12)
0: Linear
1: Logarithmic

Frequency of the LED Driver clock CIkX of all 10s:
0 : OFF. LED driver functionality is disabled for all 10s.
Else : CIkX = fOSC/(2"(RegMisc[6:4]-1))

LED Driver mode for Bank A ‘s fading capable 10s (107-4)
0: Linear
1: Logarithmic

0x00

NRESET pin function when externally forced low (Cf. 84.3.1 and §4.8.5)
0: Equivalent to POR

1: Reset PWM/BIlink/Fade counters (not user programmed values)

This bit is can only be reset manually or by POR, not by NRESET.

Auto-increment register address (Cf. §4.4)
0: ON. When several consecutive data are read/written, register address is incremented.
1: OFF. When several consecutive data are read/written, register address is kept fixed.

° - o o o - % % o NP ) [ PR P ~
N %/ & 7&%&01\)&@ o

Autoclear NINT on RegData read (Cf. 84.6)

0: ON. ReglnterruptSourceA/B is also automatically cleared when RegDataA/B is read.
1: OFF. ReglnterruptSourceA/B must be manually cleared, either directly or via
RegEventStatusA/B.

0x20

RegLEDDriverEnableB

0x00

7:0

Enables LED Driver for each [output-configured] 10
0 : LED Diriver is disabled
1: LED Driver is enabled
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0x21 RegLEDDriver EnableA 0x00

7:0

Enables LED Driver for each [output-configured] 10
0 : LED Driver is disabled
1: LED Driver is enabled

0x22 RegDebounceConfig 0x00

2:0

Debounce time (Cf. 84.5.1)
000: 0.5ms x 2MHz/fOSC
001: 1ms x 2MHz/fOSC
010: 2ms x 2MHz/fOSC
011: 4ms x 2MHz/fOSC
100: 8ms x 2MHz/fOSC
101: 16ms x 2MHz/fOSC
110: 32ms x 2MHz/fOSC
111: 64ms x 2MHz/fOSC

0x23 RegDebounceEnabl eB 0x00

7:0

Enables debouncing for each [input-configured] IO

0 : Debouncing is disabled S @

1 : Debouncing is enabled

0x24 RegDebounceEnableA 0x00

7:0

Enables debouncing for each [input-config (@)
0 : Debouncing is disabled
1 : Debouncing is enabled

0x25 RegKeyConfigl 0x00

6:4

Auto Sleep time (no key press within this\time wi

000 : OFF

001 : 128ms x 2MHz{f@

010 : 256ms x 2MHz 0@
512ms x 2MHz/fOS€

t keypad engine to sleep)
011:
100 : 1sec x 2MHz/fOSC
C

: 2sec X @

T4
. 8sec X 2
TSt be s%d@bﬁﬁnce time).

)

0x26 0x00

(oUtputs) + key scan enable
FF
< 10[0:1]
10[0:2]
10[0:3]
™5 rows — 10[0:4]
01 : 6 rows — 10[0:5]
110 : 7 rows — 10[0:6]
111 : 8 rows — 10[0:7]

--@ nf

2:0

Number of columns (inputs)
000 : 1 column —10[8]

001 : 2 columns - 10[8:9]
010 : 3 columns — 10[8:10]
011 : 4 columns - 10[8:11]
100 : 5 columns — 10[8:12]
101 : 6 columns — 10[8:13]
110 : 7 columns — 10[8:14]
111 : 8 columns — 10[8:15]

0x27 RegKeyDatal OxFF

7:0

Column which generated NINT (active low)
Ex: RegKeyDatal=11011111 => 1013 has generated NINT
The register is automatically cleared when RegKeyData? is read.

0x28 RegKeyData2 OxFF

7:0

Row which generated NINT (active low)

Ex: RegKeyData2=11111110 => 100 has generated NINT

When the register is read both RegKeyDatal & RegKeyData2 are automatically cleared
together with NINT and key scan continues.

O0xXX | RegTOnX 0x00

4:0

ON Time of 10[X]:

0 : Infinite (Static mode, TOn directly controlled by RegData, Cf §4.8.2)
1-15:TOnX =64 * RegTOnX * (255/CIkX)

16 - 31 : TOnX = 512 * RegTONX * (255/ClkX)

OxXXX ReglOnX OxFF

7:0

ON Intensity of IO[X]
- Linear mode : IOnX = ReglOnX

- Logarithmic mode (fading capable 10s only) : 10nX = f(ReglOnX) , Cf §4.8.5
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OFF Time of 10[X]:
0 : Infinite (Single shot mode, TOff directly controlled by RegData, Cf §4.8.3)

73 | 1115 TOfX = 64 * RegOffX[7:3] * (255/CIkX)
0xXX | RegOffx 0x00 16 - 31 : TOffX = 512 * RegOffX[7:3] * (255/CIkX)
OFF Intensity of IO[X]
2:0 - Linear mode : 10ffX = 4 x RegOff[2:0]
- Logarithmic mode (fading capable 10s only) : 10ffX = f(4 x RegOffX[2:0]) , Cf §4.8.5
Fade In setting of IO[X]
OxXX RegTRiseX 0x00 40 0: OFF
' 1-15: TRiseX = (ReglOnX-(4xRegOffX[2:0])) * RegTRiseX * (255/CIkX)
16 - 31 : TRiseX = 16 * (ReglOnX-(4xRegOffX[2:0))N"RegTRiseX * (255/ClkX)
Fade Out setting of IO[X]
OxXXX RegTFallX 0x00 20 0: OFF
' 1-15: TFallX = (ReglOnX-(4xRegOﬁX[2%}) * RegTE 2 IkX)
16-31:TFallX=16* (ReglOnX-(4xRegOf;@Q])) *(RegTEQl (255/CIkX)
Enables high input mode for each [ifiput-gogfigu IM
0x69 RegHighlnputB 0x00 7:0 0 : OFF. VIH max = 3.6V and V min = .V
1: ON. VIH max = 5.5V and i0=1.6
Enables high input mode for each [in onfigu 10
0x6A | RegHighlnputA 0x00 7:0 0 : OFF. VIH max = 3.6V and VCCx minaXL.2V
1 : ON. VIH max = 5.57-aqt\VCCx min = hesV
0x7D RegReset 0x00 7:0

Software reset regist
Writing consecutively 4 will reset th vice (same as POR).
Always reads 0. (\
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6 APPLICATION INFORMATION

6.1 Typical Application Circuit

3.3V 2.5V
]

Host
controller L-

Optional (depends!
on the application):

Dj aIApjc :'S ematic
»

ually connected to a high voltage (VBAT) to take

E
modate high LED threshold voltages (VLED).
N,

<
o\% e programmed as open drain output (RegOpenDrain) with no
< \ abled (ReglnputBufferDisable).

ing LED operation.

VCCx  VBAT
VCCx ’T VLED'

SX1508/9B 5

10x
oL

“LED colour/technology dependent

Figure 20 — Typical LED Operation

Serial R must be calculated for IOL not to exceed its max spec (Cf. Table 5) else VOL will increase.
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7 PACKAGING INFORMATION

7.1  QFN-UT 20-pin Outline Drawing
QFN-UT 20-pin, 3 x 3 mm, 0.4 mm pitch

-~———D—1 [B] DIMENSIONS
| DIM INCHES MILLIMETERS
MIN INOMIMAX [4HN [INOM]MAX
Fe A [.020] - [.024 [0w0Y -] 0.60
A1].000| - [.002 [0.00N\-_ |0.05
BIN 1 / A2 (.006) [CNER)
E b_|.006 | .086 | .010/|,696 1.0.20 025
INDICATOR D |.114 | .1%8 | .122 }2.90° 3:00 k30
(LASER MARK) D1 | .061 | .067 K71 1,85 NOLD
E .14 | 118 22 | 2198 | 3.00L.2.10
E1 067 | 0X( .07\ IN..56 J170 | 1.80
e 016 BS& D=GBSC
T N0%2 | .016 1520 | 0804 0.40 | 0.50
* A2 X 20 20
aaa 003 0.08

Q04 0.10

T 20-pin Outline Drawing

DIMENSIONS
DIM INCHES MILLIMETERS
C (114 (2.90)
G 083 2.10
H .067 1.70
K 067 1.70
P 016 0.40
R 004 0.10
X 1008 0.20
Y 031 0.80
z 146 3.70

NOTES:

1. CONTROLLING DIMENSIONS ARE IN MILLIMETERS (ANGLES IN DEGREES).

2. THIS LAND PATTERN IS FOR REFERENCE PURPOSES ONLY.
CONSULT YOUR MANUFACTURING GROUP TO ENSURE YOUR
COMPANY'S MANUFACTURING GUIDELINES ARE MET.

3. THERMAL VIAS IN THE LAND PATTERN OF THE EXPOSED PAD
SHALL BE CONNECTED TO A SYSTEM GROUND PLANE.
FAILURE TO DO SO MAY COMPROMISE THE THERMAL AND/OR
FUNCTIONAL PERFORMANCE OF THE DEVICE.

Figure 22 - QFN-UT 20-pin Land Pattern
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7.3  QFN-UT 28-pin Outline Drawing
QFN-UT 28-pin, 4 x 4 mm, 0.4 mm pitch

DIMENSIONS
INCHES MILLIMETERS
[A] D ! DIMIiN [NOM]MAX| MIN [NOM[MAX
A | .020| - |.024]050] - |0.60
5 A1 |.000] - |.001]000] - |0.02
L A2 (.006) (0.152)
PIN1 —"] T b | .006 ] .008 | 070 | 0.5 ] 0.20 | 0.5
INDICATOR E D [ 154 ] 157 | 161 [’ [ 4.00 [ 4.10
(LASER MARK}) D1 | .100 | .104 | .108 | 2.56 \2.65 | 2.75
l E | .154 | .157 | 161 | 3.90 \&Q0 | 4.10
E1 | .100 | .104 | .108 )@ 2.75
e .0168sC (| 0
L [.012].0167] 020 X)SQ/J/QXQ 50
N 28 ([ 2B
; A2 opd 7 098
_ bbb 084N 0.8

0000000 SEATIN

4
M |aaa|C * m_f T PLANE

el O &
+ |
- &
e
O\

|~$IJ@®NA¢BI

R S IN DEGREES).
D LL AS THE TERMINALS,

pin Outline Drawing

S
7.4 QFN- Al d Pattern
K
- DIMENSIONS
_ DIM INCHES MILLIMETERS
g g C (.156) (3.95)
1 —= —= G 122 3.10
(C) H = + = 5 7 H 104 2.65
‘ = = K 104 2.65
1l _— — P .016 0.40
A HI]”[“] - X .008 0.20
1 Y 033 0.85
X | f Z 189 4.80
P

NOTES:

1. CONTROLLING DIMENSIONS ARE IN MILLIMETERS (ANGLES IN DEGREES).

2. THIS LAND PATTERN IS FOR REFERENCE PURPOSES ONLY.
CONSULT YOUR MANUFACTURING GROUP TO ENSURE YOUR
COMPANY'S MANUFACTURING GUIDELINES ARE MET.

3. THERMAL VIAS IN THE LAND PATTERN OF THE EXPOSED PAD
SHALL BE CONNECTED TO A SYSTEM GROUND PLANE.
FAILURE TO DO SO MAY COMPROMISE THE THERMAL AND/OR
FUNCTIONAL PERFORMANCE OF THE DEVICE.

4. SQUARE PACKAGE-DIMENSIONS APPLY IN BOTH X AND Y DIRECTIONS.

Figure 24 - QFN-UT 28-pin Land Pattern
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8 SOLDERING PROFILE

The soldering reflow profile for the SX1508B and SX1509B is described in the standard IPC/JEDEC J-STD-
020C. For detailed information please go to http://www.jedec.org/download/search/jstd020c.pdf

Profile Feature 5n-Pb Eutectic Assembly Pb-Free Assembly

Average Ramp-Up Rate 3 °¢y .
second max. 3° Clsecond max.
(TSmax to TP)

Preheat
Temperature Min (T5,,in) 100 °C 0°C
Temperature Max (TSpax) 150 °C 200XC
Time (1Sin 10 tSmayx) 60-120 seconds < ((6}\15({3 nds
Time maintained above: @f
Temperature (T,) 183 °C °C
Time (t) 60-150 seconds & - seconds

Peak/Classification Temperature (Tp) See Table 4.1 3ée Table 4.2
Time within 5 °C of actual Peak

Temperature (tp) 10-30 seconds/—\ 20-40 seconds
Ramp-Down Rate 6 “Clsecond mah ) ) 6 °C/second max.
Time 25 °C to Peak Temperature 6 minutes max.\7 f\ /\((ﬁ\minutes max.

Note 1: All temperatures refer to topside of the package, measured on the package body surf.

Critical Zone
T toTp

9@

)
&

O Temperatur

t 25°C to Peak >
Time —>

IPC-020c-5-1

Figure 25 - Classification Reflow Profile (IPC/JEDEC J-STD-020C)
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9 MARKING INFORMATION

yyww = Date Code

XXXX

GBA3
VYWW
XXXXX
XXXXX

yyww = Date Code
xxxxx = Semtech Lot No.
XXXXX

Figure 27 — SX1509B Marking Information
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