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1 Brief Introduction (& /}")

This document presents the checklist for hardware design based on Telink
TLSR8x5x series SoCs. For details about configurations and notes, please refer to
corresponding Datasheet, SDK and Errata.

ISR R FE T F8 1 TLSR8x5x FR AN A Bt ik A Bt . AT &
EREFHI, 15SH X N5 Datasheet. SDK Al Erratas

2 Hardware Design Checklist (BE/4-#0iH 2 IE BL)

2.1 GPIO pull-up/pull-down and wakeup (GPIO _ i 5HaEE)
1) All GPIO pins have configurable pull-up resistor (two ranks) and pull-down

resistor (one rank).

FT GPIO & I A WL & B Eh ra B (RS 5 TR RH (—4).

2) All GPIO pins can be independently configured as high-level/low-level wakeup

source.

BT GPIO & AN P A A7 e B v /AIK H T R T

3) Actual test shows that after wakeup from deep sleep, PortC (PCO~PC7) may have
about -1.4V noise for several hundred nanoseconds. Therefore, in actual
applications, generally it’s recommended not to use PortC (PCO~PC7) as output
or control function, unless extraly using external filtering capacitor (e.g. 1uF).
SRR R, PCOVPCT B IHITE I deep IRASEEK I AFIELI -1.4V [ R Hi
BRI, BRIEENEE nso KL, SR HAZBCK PortC (PCO~PCT7) F N
Bt R A o 0 SRR T B R PCO~PCT 1 Syt Hh s i) 5 BRLAE FH, 8
AT LA REAMINNE R A, 5120 1uF.

AN-18110700-EC4 4 Ver 1.3.0



ossm:comnucron& TLSR8x5x Hardware Design Guide

2.2 PWM pins (fk 38 A BLE g B TH)
The TLSR8x5x supports up to six PWM output channels. Each PWMx (x=0~5) has

its corresponding inverted output at PWMXxN pin. For the convenience of PCB design,
the TLSR8x5x supports multiple GPIOs with multiplexed PWM output function.
Following shows the GPIO pins with multiplexed PWM function.

SBH PWM BIEE 6 % PWM &, A PWMx(x=0~5)F1 PWMxN fXFE N E.
RI—5HME5 . A TEF PCB ¥ it, TLSR8x5x 11 % M HIAT LA AN PWM it
B SR PWM SR THEER GPIO B AN T R

1) PWMO output pin: PA2, PC2; PWMON output pin: PAO, PB3, PC4;
PWMO/PWMON multiplexed output pin: PD5
PWMO % % J#1: PA2, PC2; PWMON %t & 1. PAO, PB3, PC4;

PWMO/PWMON L [E %y & . PD5

2) PWM1 output pin: PA3, PC3; PWM1N output pin: PC1, PD3

PWM1 it & . PA3, PC3; PWMIN % il PC1, PD3

3) PWM2 output pin: PA4, PC4; PWM2N output pin: PD4

PWM2 #iH % J#: PA4, PC4; PWM2N %t & HI: PD4

4) PWMS3 output pin: PBO, PD2; PWM3N output pin: PC5

PWM3 %4 #1: PBO, PD2; PWM3N % &5 . PCS

5) PWM4 output pin: PB1, PB4; PWMA4N output pin: PCO, PC6

PWM4 Hi & . PB1, PB4; PWMA4N #iH & . PCo, PC6

6) PWMDS5 output pin: PB2, PB5; PWMS5N output pin: PC7

PWMS % & jil: PB2, PB5; PWMSN % tH 45 . PC7

AN-18110700-EC4 5 Ver 1.3.0
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2.3 IR drive pins (IR IX5h & )
1) PWMO pins, including PWMO and PWMON, can be used as IR driver pin function.

PWMO & (& PWMO A1 PWMON) A FH T-IKZEN IR,

2.4 SDM output pins (SDM % H & i)

1) Two groups of SDMP/SDMN output pins: PB4/PB5 (SDMPO/SDMNOQ), PB6/PB7
(SDMP1/SDMN1)
W 24 SDMP/SDMN i HH % f4l : PB4/PB5 ( SDMPO/SDMNO ) , PB6/PB7
(SDMP1/SDMN1)

2.5 AMIC application pins (AMIC . F & f#)
1) AMIC (Analog MIC) adopts differential input by default.
AMIC (BEZZ TR0 BRILR FH Z

2) PCO~PC3 can be configured as SN/SP. Considering current reference design, PCO
and PC1 are fixed as SN and SP, and PC4 is fixed as AmicBias.
PCO~PC3 # T HL & A% SN/SP. 83 H AT HIZH3eit, # PCo. PC1 [l 5E
N SN. SP, PC4 [fil €4 AmicBias.

AN-18110700-EC4 6 Ver 1.3.0



"E"’"CO"”"’CTO”& TLSR8x5x Hardware Design Guide

3) AMIC serves to convert voice signal to electrical signal, and the amplitude of
electrical signal is determined by its sensitivity parameter. Full amplitude of the
TLSR8x5x-embedded ADC is about 40mV; therefore, when maximum AMIC
sensitivity does not exceed -28dBV/Pa, or signal amplitude is equal to or less
than 40mV, no voltage-divider network is needed for MIC signal channel; when
maximum AMIC sensitivity exceeds -28dBV/Pa, or signal amplitude is larger than
40mV, MIC signal channel should adopt voltage-divider network, so as to avoid
ADC saturation. When selecting voltage dividing ratio, it’s better to ensure
maximum amplitude of electrical signal from AMIC to chip is close to 40mV.
Following shows the structure of voltage-divider network for reference.
AMIC FI T# A 515 S oy s 5, HAE SR REUES R E .
O3 H ADC JIRZ0 40mV, R4 AMIC ¢ K R 8% AN -28dBV/Pa B HL(E
SHRENTAET 40mV I, MIC 15 S5l EATRE ML 2 AMIC K
RUE L -28dBY/Pa B R SR KT 40mV I, MIC {5 5l g b 75 24y
JEM 4%, DLEb ADC MR, 43 FR B LA AMIC % 31508 A 1R e K H A 5 i P 4
i 40mV N, RS AT 25 TR

R3 .. 47k
TL_AmicBias AN
uz2
) C18 ... 1uF
TL _AmicSP__ H— 1 QUTPUT VDD 4
Eﬁ' a a C13
] = =
10pF o e —_
~ - 4.7uF
e-divider network =
C24 ... 1uF

TL Amlr.SN_E jl Hh
23
i
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2.6 DMIC pins (DMIC & )
1) DMIC (Digital MIC) has one group of DMIC clock/DMIC data pins: PA1, PAO.

DMIC (¥ 7 X)) B 1 4% #l: DMIC clock/DMIC data 4371 Xf N PA1. PAO.

2.7 12S pins (12S B F)
1) 12S has one group of Slave 12SBCK/LR/SDI/SDO pins: PD7/PD2/PD3/PDA4.
12S & 1 4H Slave & J#l: 12SBCK/LR/SDI/SDO X N & il PD7/PD2/PD3/PD4.

2.8 ADC detect pins (ADC A6 J1I % i)
1) ADC supports 10 external detect pins (GPIO input channels): PBO~PB7, PC4~PC5.

ADC A 10 MK I (GPIO i \i#iE): PBO~PB7, PCA~PCS.

2.9 UART pins (UART & )

1) TLSR8x5x supports UART interface and 7816 UART interface. UART and 7816
UART share the same hardware. UART supports full-duplex transmission and
reception, but 7816 UART only supports half-duplex as per 7816 spec.

TLSR8x5x -0 J7 3 FF UART F 7816 UART P4 1. UART 1 7816 UART 3 [F]
—ERF . UART LR TR, A 7816 UART R4 7816 P SRR
T.

For the TLSR8x5x, only Baseband, AES, UART/IR support DMA. UART and IR share
the same DMA channel.
XTT TLSR8x5x, N7 AES N A UART/IR SZHF DMA. H.H UART Hi

IR H:H DMA j#iE.

For the convenience of PCB design, the TLSR8x5x supports multiple GPIOs with
multiplexed UART interface function.y 7 {§-F PCB ¥ it, TLSR8x5x f 2 4™ il
A LE N UART #2111,

AN-18110700-EC4 8 Ver 1.3.0
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UART interface:

UART 211 ;

<>

TX pins: PA2, PB1

TX & . PA2, PB1

RX pins: PAO, PBO, PB7, PC3, PC5, PD6

RX & Jl: PAO, PBO, PB7, PC3, PC5, PD6

Test baud rate: 300/600/1200/2400/4800/19600/14400/38400/56000/
57600/115200

TR 5% . 300/600/1200/2400/4800/19600/14400/38400/56000/
57600/115200

TX and RX pins can be freely combined into a group to realize data
transmission reception.

TX. RX 5| JER#EAT 2 A #n] DLEAT Bd A X AL

In actual applications, only one group can be configured as UART pins.

KPR, HRAeH —4nT LU E N UART & .

2) 7816 UART interface

7816 UART £211:

<>

7816 UART pins, including PD7, PC2, PDO and PD3, can be configured as
7816 UART function or UART UTX function, but DO NOT support UART URX
function.

7816 UART &l PD7. PC2. PDO. PD3 WIHCE M 4 4 7816 UART [,
FIHCE K UART T UTX, {HEANBEECE Y UART FTH URX.

*Note: Considering BQB certification, it’s needed to reserve corresponding UART pins

(PAO and PA2, or PBO and PB1). Please refer to section 2.21.

AN v N
*‘LI_E'\:

PB1).

ZFeF| BQB AIE, FFEMAXIM K UART B (PA0 5 PA2 B PBO 5

Z 0, 2.21 75,

AN-18110700-EC4 9 Ver 1.3.0
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2.10  12C pins (12C & )
For the convenience of PCB design, the TLSR8x5x supports multiple GPIOs with

multiplexed I12C interface function.

N TAET PCB %1, TLSR8xSx A 2/ MNE W LAE H N 12¢ #2100,

1) 12C pins: PCO/PC1 and PC2/PC3 can be configured as 12C Master/I2C Slave
multiplexed pins SDA/SCK.
12C &#: PCO/PCL, PC2/PC3 WML E /i Master/Slave LRI, 435l % B

SDA/SCK;

2) The test result shows PA3/PA4 and PB6/PD7 can also be configured as 12C
Master/Slave multiplexed pins.

22, PA3/PA4. PB6/PD7 tHA] LAKC & % 12C Master/Slave 3t [F] & il

2.11  SPI pins (SPI &)
For the convenience of PCB design, the TLSR8x5x supports multiple GPIOs with

multiplexed SPI interface function.

N TAETF PCB #it, TLSR8xS5x A £ /N MIHT LAE H N sPL 0.

1) SPI pins: PA2/PA3/PA4/PD6 and PB7/PB6/PD7/PD2 can be configured SPI
Maser/SPI Slave multiplexed pins DO/DI/CK/CN. Only one group can be
configured as SPI pins.

SPI fi %4l DO/DI/CK/CN % Jiil: PA2/PA3/PA4/PD6 Fll PB7/PB6/PD7/PD2. LT[
LAYEN SPI Master tHA] LA/E K SPI Slave, R A —4IA LA E A SPI .

AN-18110700-EC4 10 Ver 1.3.0
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2) 12Cand SPI Usage

12C 1 SPI 3L FHE A -

<> 12C and SPI cannot be used as Slave at the same time.
ANHF SPI Slave A1 12C Slave 3L H

<> 12C Slave and SPI Master can be used at the same time.
¥ 12C Slave Al SPI Master 3L

<> 12C Master and SPI Slave can be used at the same time.
SCFF 12C Master 1 SPI Slave 3£ H

<> 12C and SPI can be used as Master at the same time.

S FF 12C Master £ SPI Master 3L H]

2.12  External RF control pins (FME85T 5 E i)

1) TXCYC is used to control the PA (Power Amplifier) of external RF Front-end: PB3,
PC7, PD1
TXCYC FH T AR AT S ) D78, 3% 3 #%: PB3, PC7, PD1

2) RXCYCis used to control the LNA of external RF Front-end: PB2, PC6, PDO
RXCYC FH T2l SN0 S A A1 o GG P TROR 78, 3L 3 #%: PB2, PC6, PDO

2.13  Antenna select pins (RZRIEFEE )

1) Two groups of SEL<0:2>: PD6/PB0O/PB1, PC5/PC6/PC7. SEL<0:2> are used to
select one of up to eight external antennas connected to the antenna select
component. The selected antenna channel is connected to the RF_IO pin.

8 ik 1 {5 5 SEL<0:2>, 3t 2 41, 437X}~ PD6/PBO/PB1 1 PC5/PC6/PC7,
T MANE 8 R L il —, ELERLILEFETOI. EP R RLIEIEE
% RF_IO .

AN-18110700-EC4 11 Ver 1.3.0
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2.14  Power supply range (£t H7E )
1) Input voltage range for VDD3 pin: 1.8V~3.6V
vDD3 ‘& il A\ B IR Y [ /& 1.8V~3.6V
2) When power supply voltage is lower than 1.8V (e.g. single dry battery is used to
supply power), external boost DCDC is needed.
P s RAR T 1.8V I CHRAR R AT O B T Bl i), /5 24M%T TR DC-DC.
3) When power supply voltage exceeds 3.6V (e.g. lithium battery is used to supply
power), external buck DCDC or LDO is needed.
ke R R I 3.6V (B ZRY N DA s Bt D, 75 ZEAME R R DC-DC BX LDO.
4) When power supply voltage is 1.8V~3.6V (e.g. dual dray batteries are used to
supply power), the power supply is directly connected to the chip.
P AR 1.8v~3.6V Z A (BB M1 ittt i), RS EAEFEA
T

2.15  Battery voltage detect ( FE, i FE, Hs AS:l])

1) When power supply voltage is lower than 1.8V (e.g. single dry battery is used to
supply power), external boost DCDC is needed. Supply voltage should be sent to
any ADC input channel for voltage detection.

PEH R T 1.8V I (BB I Ff T it it i), /5 24T DC-DC,
A H F T T 3 AT — ADC A 11 R4 T B AR

2) When power supply voltage exceeds 3.6V (e.g. lithium battery is used to supply
power), external buck DCDC or LDO is needed. User should implement voltage
division to the supply voltage, so that it’s decreased below 3.6V. Then this
voltage lower than 3.6V should be sent to any ADC input channel for voltage
detection. Each ADC input pin has embedded voltage divider circuit.

A F R 3.6V (BB S Y D R st ik D, FF B4R % IR DC-DC B LDO,
HEHABEFESS 5, R T 3.6V &5, BEAE— ADC Kl 134T
JEAREIN . A ADC AN 15y LN B oy T L, AT AT T R A

AN-18110700-EC4 12 Ver 1.3.0
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3) When power supply voltage is 1.8V~3.6V (e.g. dual dray batteries are used to
supply power), user does not need to directly connect the power supply to ADC
input channel, but should ensure there’s one ADC detect pin floating and not
connected to any external signal.

PR F R AE 1.8V~3.6V 2 [A]IN CHURY R Y Dy 5 s sV A H D, it R R AN
ELIEFES] ADC Rl 1, (HJ2 F Eh R A — 4> ADC Al 1122 ANESN FATAT

2.16 DCDC

1) A serial 47uH inductor should be connected between the VDCDCSW pin and
DECM pin.
VDCDCSW A1 DECM ‘& Al 2 [B] 5 22 £ #% 47uH HLJK.

2) The recommended inductance for DCDC is 47uH. Please refer to the parameters
of the LB2012T470M to select inductor model.
DCDC HURE LR 47uH. 1] 2% LB2012T470M IS HE AL .

2.17  Power structure (FEJRZE )
1) Internal-generated voltage (take the 8258 QFN48 for example)
PN AEHLUE (DL 8258 QFN48 BN D
<> 1.2V: PIN13, internal LDO output, supplies power for internal Core, and
should be connected to GND via external capacitor. PIN18, internal DCDC
output, should be connected to GND via capacitor and externally sent to
AVDD1V2 (PIN39).
1.2V: XN PIN13/PIN1S P/MEF . PIN13 & P LDO i HUE, 45 0
Core ffiH, TEAMEHZAF|M; PINIS £ZNE DCDC P HIE, FE
HMHELIE R AVDD1V2 (PIN39) A, [FJH PIN18 4% FL 7 13,

AN-18110700-EC4 13 Ver 1.3.0
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< 1.8V: PIN19, 1.8V internal-generated voltage, supplies power for Flash, and

TLSR8x5x Hardware Design Guide

should be connected with external 1uF capacitor.
1.8V: XFRZ PIN19 &, PIN19 2 N4/ 1.8V L, 45 Flash fikHi,
ZE I ZAME 1uF A

2) External input voltage (take the 8258 QFN48 for example)
SMEE N (DL 8258 QFN4S 5 I 1)
< 1.8V~3.6V: External power supplies voltage for chip via PIN15/PIN26/PIN27.
1.8V~3.6V: HMIHEVFIELL PIN15/PIN26/PIN27 = AN I T fik e

2.18  System crystal oscillator (& £t S ¥R)
1) Crystal specification is 24Mhz_12pF_ +/-20ppm.
PR A 24Mhz_12pF_ +/-20ppm
2) Currently it's recommended to adopt internal matching capacitor.

I ATHHEE R Y ERUL AT FEL 2
2.19  RTC crystal oscillator (RTC g&3%)
1) PC2and PC3 can be used to connect external 32.768kHz crystal.

PC2 F1 PC3 W] LAAMEZ 32.768kHz fifAk.

2) Crystal specification is 32.768kHz _9pF_ +/-20ppm.

i AR A& 32.768kHz _9pF_ +/-20ppm.

AN-18110700-EC4 14 Ver 1.3.0
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2.20  Filtering capacitor (JEJ HZ)
Herein 8258 QFN48 is taken as an example to illustrate external capacitors

required for various power pins.

LEALLL 8258 QFN4S 28 451, i BH A HL YRS BRI AN L A IO B K

8258 QFN48
VDD1V PIN13 1uF
VDD_IO PIN15 1uF
VDCDC_SW PIN16
VDCDC PIN17 47uH
VDD1V2 PIN18 0.1uF+1uF
VDD_F PIN19 1uF
VvDD3 PIN26 1uF
VDDIO_AMS PIN27 1uF
RESETB PIN36 1uF
VANT PIN37 18pF
AVDD1V2 PIN39 0.1uF+2.2uF

2.21  BQB certification (BQB TAiLL)

1) For general hardware verification, BQB firmware adopts individual BIN file and
uses the PAO and PA2 pin.
T A IE, BQB FE P HS & K A B BIN SCAF, {8 PAO AT PA2 B

2) The 8x5x RCU SDK integrates BQB, but adopts the PBO and PB1 pin.

8x5x RCU SDK H 244 AN 1 BQB, {HZEXH PBO Al PB1 & .

2.22  FCC certification (FCC IAilE)
1) An external inductor should be connected between the ANT and VANT pin, so as

to supply power for internal PA. Its default value is 1.3nH.

ANT Al VANT 5 i 0] 75 A — i, B 225 W35 PA it BRIAA 1.3nH,

2) The VANT pin should be connected with an external filtering capacitor. Its default

value is 18pF.
VANT & JEl 35 ZE 00— RIS e 2%, BRIAY 18pF.

AN-18110700-EC4 15 Ver 1.3.0
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3) A serial DC-blocking capacitor (default value: 220pF) is connected to the ANT pin.
If the capacitor is not connected, and test instrument does not block DC signal,
test may be abnormal.

If test instrument does block DC signal, or connection test is not needed, this
capacitor can be removed.

ANT #8142 EERIN S B B — R ELHEL A, BRIADY 220pF. ISR 253, R AXAR
ARRERE, MKaRE . R, WA E B Ao, AT
P& 4

4) The other capacitors and inductors are used for circuit matching during
certification, the values of which are flexibly adjustable corresponding to layout.
HAp A HBGRMOMEILEC TR, #31E R layout R iE A%,

5) Before all tests, VNA (Vector Network Analyzer) should be used to implement RX
matching. Meanwhile, power on the DUT, configure the chip to enter RX mode,
and then use the VNA to do RX matching.

FERTIART— € FHFZAED UNA CREMZ A0 i RX TR, AN, —&
i HIFEE S AT R, AR5 A B) VNA 3E4T RX DLAC.

6) After RX test is finished, SA (Spectrum Analyzer) should be used to implement TX
certification verification. If harmonics do not meet the requirements, go back to
the previous step. Use the VNA to adjust component value to meet the
impedance matching requirements, and then carry out TX verification.
£ RX MR TE G, FEH SA IS A0 BEAT TXAESSGUE . A SRAE AN
TR, FEE] E—BER, EB VNA USR] i 2 FE BT R R )
FFREAT TX BGAIE

AN-18110700-EC4 16 Ver 1.3.0
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