KL520 HW design guide_v2.4

Kneron KL520 series Al SoC
HW design guide

Version 2.1
1



{xeron

KL520 HW design guide_v2.4

Revision History:

version description date

0.1 Initial version 2019/3/28
2.0 Add reference schematic 2019/8/5
2.1 Add mechanic design guide 2019/9/18

Add MIPI TX reference schematic

2.2 Update Figure-5, GND merge 2020/03/26
2.3 Add door lock application
2.4 Update RREF resistor value 2022/06/21

Update OM resistor value

Notice:

1. Kneron Inc. (Kneron) may make changes to any information in this document at any time without any
prior notice. The information herein is subject to change without notice. Do not finalize a design with this
information.

2. THIS DOCUMENT IS PROVIDED “AS IS” WITHOUT ANY WARRANTY OR CONDITION OF
ANY KIND, EITHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING, WITHOUT
LIMITATION, ANY WARRANTY OR CONDITION WITH RESPECT TO MERCHANTABILITY,
FITNESS FOR ANY PARTICULAR PURPOSE, OR NON-INFRINGEMENT.KNERON DOES NOT
ASSUME ANY RESPONSIBILITY AND LIABILITY FOR ITS USE NOR FOR ANY INFRINGEMENT
OF PATENTS OR OTHER RIGHTS OF THE THIRD PARTIES WHICH MAY RESULT FROM ITS
USE.

3. Information in this document is provided in connection with Kneron products.



KL520 HW design guide_v2.4

4. All referenced brands, product names, service names and trademarks in this document are the property by

their respective owners



KL520 HW design guide_v2.4

RV T (o] o TN o 113 (0 TS 2
1 OVEBIVIBW ettt ettt et e e s s e r et et e e e e e s e e e e e e e e e s e rr e et e e e e s s e e ranees 8
1.1 LCT=T =T =Y e 1Yol o o Y o SRR
2 HW reference SChEMATIC ...cooueiiiieiie ettt s 9
2.1 POWET ..t e e e et e e e e e s et an e e e e e s
2.1.1 [0 1 TV gl o o Yo [0} -V U USRRR
2.1.2 PIMIC BIOCK ...
2.13 ASIC BIOCK ettt ettt et ettt e bt st e et aee e
2.2 USB 2.0ttt b e a e bt s a et e b e e s an e e b e e e an e e be e e nneeneennneereens 12
221 USB 2.0: HOSt MOttt s
2.2.2 USB 2.0: DEVICE MOTE ...ttt ettt e e s eneeeens
2.2.3 USB 2.0: ComMPanion MOE..........uueeiiiiiiiciiiieeiee ettt e e e e e s evrree e e e e e e s e enrreneeeeeeeeennns
224 USB 2.0: NOT USEU ...ttt sttt e e s e
2.3 2 To oY 610 =] o 11 o 1S SRRt
2.3.1 Y S o 1T = o USRS
2.3.2 oo LW o df o [Ty T o T USSR
24 IMHIPE RXO, RXL .ttt sttt ettt ettt sttt s e e bt e sate et e e s st e enbeesateebeesateenseesaseensaans
25 IVHIPT TX ettt ettt ettt et st ekt e h et e e s ae e e bt e eae e e bt e saeeaab e e eaeeembeeemeeebeeenneenneeeneeeneens
D ST Q1 Y S OO PP PP UPUPROTURPRPRRROR
2.7 ADC ettt h e st R et e Rt e et e e et e n e e e ne e e re e e nee e reesnneeneens
271 ADC : USEA.....eiiiiiee ettt ettt ettt s s e s sean e s
2.7.2 ADC i NOT USEA. ...ttt st e s e e e s e s eare e s enn e s nee
3 HW Iayout design SUILE lINE ......cviveeeiieieeirteeeee ettt ee et e e e e e e e s s tarreeeeeeeeeeenantrraeeeeeeeens 18
3.1 Routing on POWeEr DeCOUPIING CAP.cciiii ittt e e e e e e e e e e enrreeeeeaeas
3.2 Y I = T PP PP
3.3 7 PSPPSR PR PSPPSRI
Bi GPIOS ettt h e et e h e e et e e bt e e bt e bt e e beeeht e e bt e eheeebeeehee e beenneeereens
3D TEST PINS ettt ettt ettt h e s bt e bt e e a b e e bt e et e e h e e e bt e eheeebeeeaeeenbeenneeeneens
3.6 (010 ol Q8 4= ol PSR TOPR PR PR
3.7 USB TraCES ..ttt e e e s ar e e e
3.8 P ETACES et e e e s e e e e
3.8.1 CloCK SiBNAI TOULING «.eeieeitrieeiee ettt e e e e e e e e e e seabbbeeeeeeeeeeennnnnrens
3.8.2 DF 1= I F=q 0 =1 I ¢ T ] o = U PSUPR
3.9 SDIO TrACES. .ttt e e e s e s ar e e e e e s e

3,10  UART/PWMY/I2S.c. ittt sttt et et b ettt e bt et et e sbe et e et e sbeenbeenne e



KL520 HW design guide_v2.4

4

Design Consideration of smart door lock application ..........ecieiieciiieeiiiiiiiiiceee e 23
4.1 Power arrangement in door 10ck application .........oeiiiiieiiiiiiiee e 23
4.2 Control interface between KL520 and hOSt .......coceiiiiiiiiiiieiiereesee e 24
4.3 21 FoYol QI BT =5 o TSR 24
4.4 [@ o =Ty ol e o o F PP PPRPPRRRRPPPR 25
4.4.1 USB INTEITACE ..t 25
4.4.2 UARTN and SPI (eXCEPT UARTO) ...uiiiiiiiieeeeieee e eeite e et e e ette e e e e e e e e sanan e e e ennae e e e ennneee s 25
4.4.3 X RESET _IN ettt ettt ettt ettt e bt e st e e bt e s st e e bt e sateenbeesabeebeesabeebeesaeas 25
4.4.4 S = 1 USSR PRUPP 25
4.4.5 X PSW_DFLT ettt sttt ettt et esat e et e san e e beesareenneeennes 25
4.4.6 PMIC_POWER_EN (GPIO) . .eeeiiiiiieeieeitese ettt sttt st st et 25
4.4.7 JTAG . ettt h et h et h e bt e b e e e bt e he e e be e e ae e e bt e eheeebeenneeenne 25
4.5 Timing recommendation of entering/existing RTC MOde. .......ccccevvueeeiieecciieecieeecee e 26
45.1 The flow of entering RTC MOUE. ...cooueiiiiiiiie et 26
4.5.2 The flow of existing RTC MOME .....ccccuiiiiiiciiie et e e e 27
4.6 MeChanic CONSIARIAtIONS ...ccuiiiiiiieeiiee et e e 28
46.1 Put two cameras at the same base lINe. .........ooiiiiiiiiiiiiee e 28
4.6.2 Minimum distance between tWo Cameras .........cccoevieeiiiiniieiiiee e 28
4.6.3 Yo=Y T 0110 =4 o] o [=T o3 SRR 28
4.6.4 How to check camera’s SCanNNINgG OFEI ......uvveeiiiieiiiiicieeeee e e e e e e 29
4.6.5 The 0pening WiNAOW OF LED .......uuiiiiiiiiiciiieeee et e e sittree e e e e e e e eenvren e e e e e e e 33
4.6.6 The opening WindoW Of CAMEIaS.......ccii it e e e e e e 34
4.6.7 Tilt NIR around 6~8 degree (OptioNal) .....cccvveeeeeeiiieiiiiieeee e e 35



n cron

KL520 HW design guide_v2.4

Figure List
Figure 1 - KNERON KL520 SWitchable POWET. .......uueiiiiiiiiiiciiiee ettt 9
T U gl Al oo VYTl o o o] Fo = PP 10
Figure 3 — Power topology: PMIC BIOCK.........uuiiiiiiei it ee e 10
Figure 4 - Power topology: KL520........uiiiiiiiiiieiceiiiee et srvre e st e et e e e s svae e e s ssaaee e s sabaeessnnsens 11
Figure 5 - Power topology: KL520 bypass CapacCitors.......ccccceeeeeieiicrriieeeeee e eeeciiereee e e e e e escnveveneeee s 12
Figure 6 — USB 2.0 schematic reference: HOSt MOdE .......ccoccuvieiiiiiiiec e 13
Figure 7 — USB 2.0 schematic reference: Device MOde........ccuueeeiriiieeiiiiiieeeiniiee e svee e 13
Figure 8 — USB 2.0 schematic reference: Companion MOde ........cccveeeeiiieeeeeciiieeccciieee e 13
Figure 9 — USB 2.0 schematic reference: NOt USEd..........ceeeiiiiieeiiiiiie et 14
Figure 10 — Bootstrap schematic reference: EVB desSign .......c.cevevviiiieiiiiiiiee i e 14
Figure 11 - Bootstrap schematic reference: Product design ........cccvveeeeeiiii e, 15
Figure 12 — MIPI RX0, RX1 schematic referenCe......ccccouvieeeiciieee ettt 15
Figure 13 — MIPI TX schematic referenCe .......ooiveiiei it e 16
Figure 14— Crystal sSchematiC referenCe........uuviiieiie e 16
Figure 15— ADC SChemMatiC refErENCE ... e rrrereee e 17
Figure 16 - ADC schematic reference (NOt USed)....cccovvuiiiiiiiiiieiieiiieeccee e 17
Figure 17- routing example for decoupling capacitors. ......ccccceieecciiiiiiiee e, 18
Figure 18- de-cap 1ayout @XamIPIE ...cceiie i e e e e e e e e e e eaaaa e 18
Figure 19- avoid routing across @ SPlit PIane. .......ece e 19
Figure 20- reserve a series resistor to avoid EMI problem. ..., 20
Figure 21- recommended routing of test points on differential pair .......cccocceeviiieeeeiiiicccieeee. 21
Figure 22- Separate clock from other Signals. ........coooiiieiiiii e 21
Figure 23-Using KL520 as @ SMart door IOCK.........ceiieicciiiiiiee et 23
Figure 24- power arrangement in door lock application .........ccoooiiiieieei e, 23
Figure 25- power off the 5V input in RTC mode to save more current ........cccccvveeeeeeeeeeeccnnveeeennnn. 24
Figure 26 — block diagram of the 10s that connect to KL520 ........ccceveeieeeiiicciiieeeee e, 25
Figure 27 — the flow of entering RTC MOde......coeiiii i 26
Figure 28 — timing diagram example of entering RTC MOde .......ccccuvveeeieeeeeiiciiiieeeeeeee e, 27
Figure 29 — the flow of existing RTC MOE ......oeieiiiiiiiieeeee et e e e 27
Figure 30 — timing diagram of existing RTC MOde ........cccuveeiieeii i 27
Figure 31- Good example of camera PlacemMeNnt .......ccccuuvveeiiiiiiiiiiiieeeee e 28
Figure 32- Bad example of camera placement. .......oiiiiiiiee e 28
Figure 33- a practical example of two cameras in a mechanic housing. .........cccccceeeeiiiiccciiinnnn.n. 28
Figure 34- suggested minimum distance between tWo Cameras.......cccccceevvevvireeeeeeeeeeenccnnreeeeeen. 28



KL520 HW design guide_v2.4

Figure 35- suggested SCANNING OFUEN ... ....uuuuuuuuruiiiiiiiiiiiirinnsrerrrrreurrsrsrsrreararararsrar....a.a—.—.rararannrsrsrsnes 29
Figure 36- First pixel and camera Pixel Size. ......oocuuieiiviiiiiiiiiee e e 30
TN oI I or- Y a1 =4 o o L= PR 30
Figure 38- scanning order in camera MOAUIE .......ccoo i 31
Figure 39- From UPPer [€ft COMNE ..ot rre e e e 31
Figure 40- from [OWer |€ft COMNEI ..oonneiiie e e e e e e ae e e e eanes 32
Figure 41- from UPPEr Mgt COMMEBI ... .uuiiii e e e erae e e s e e e e e e eanees 32
Figure 42- from [OWEr FIBHT COMMEN c...uuiiiii e e et e e s s e e s e naees 32
Figure 43- mirror and flip function of camera module............ccoooeiiieiiiiiie e 32
Figure 44 — small opening would cause refraction of light.........ccccoviiiiiiiiiiiii e, 33
Figure 45 — NIR images, we can see a ring if we turn on the LED .......ccccovveveiviiieeiiciieee e, 33
Figure 46 — RGB images, we can see a ring if we turn onthe LED .........ccceeeeeiiie e, 34
Figure 47 —image corners are blOCKEM. ..........ueiveiiii i eeeee e 34
Figure 48 — tilt NIR Camera t0 678 UEEIEE ......uiiiiiiiee et ee ettt e e sbae e e e s aaae e e e nanees 35



KL520 HW design guide_v2.4

1 Overview

1.1 General description

Kneron KL520 series is an Al SoC targeting smart-home and loT segment with Kneron NPU core inside to
accelerate neural network processing and enabling devices with edge Al ability to achieve Kneron’s Al

everywhere vision.

This document introduces something that is related to HW design and may need some attention before

we start to make KL520 boards.
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2 HW reference schematic

There are three power domains in the KNERON KL520 AISC and it includes RTC, Default and NPU
power domain. Power domains turned on/off using external power switches controlled by the software
through SCU pwerctrl pin. Each domain has its own POR.

There are five power modes for KNERON KL520: RTC mode, Always-on mode, Full Function mode,
Retention mode and Deep Retention (Softoff) mode.

The Deep Retention mode is used to shut down the supplies power of all blocks, except the logic in the

RTC domain and DDR memory is in self-refresh state in this mode. The system power consumption is
the lowest but it needs longer recovery time for system wake up.

The shows the switchable power when system is entering soft off mode and DDR SRAM keep on the

self-refresh state.

1.8V
ﬁ
PMIC 3.3V
DDR CKE AT
DDR_CKE 19V
ew | 1.2V 0 1.1V
A -\ [NCPU
Other » PMIC
DDR /O MNPU o
O A
SCPU
D 3.3V
Default 1.1V
GPIO °
EN
oM EI ¥ PSW DAT |
X_PSW_DDRCK RTC X _PSW NPU
*Default Wake up Event:
1. Button.
2. Timer alarm.

Figure 1 - KNERON KL520 Switchable Power.
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2.1 Power
2.1.1Power topology
vin > V3 RTC
1V2 DDR
1V8 DDR
PMIC 1V1 DFLT
3V3 DFLT .
block 1V1 NPU
X_PSW_DDRCK 1V2 NPU
ASIC X_PSW_DFLT - 1V8 NPU
scu X_PSW_NPU - 3V3 NPU

Figure 2 — Power topology

2.1.2PMIC block

PMIC block
Vi SCU power source
. 3v3 RTC
Vin 3v3
PMIC
Sequence :
1v8->1v2

1v2 DDR

X PSW_DDRCK 1v8 DDR

Sequence :
1v1->3v3

1Vl DFLT

X PSW_DFLT 3V3 DFLT

Sequence :
1vi, 1v2->1vg, 3v3

1vi NPU

'l' : Enable O/P
'0' : Disable O/P

X _PSW_NPU

Figure 3 — Power topology: PMIC block

ASIC

block

10
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2.1.3ASIC block
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oo END
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GNDK Rz
GNDK
LT frl VCC150_DDRY ENDK 15
= RY-{ VCC15C_DDR3 GNDK [RT
Rz-| VCC150_DDR3 GNDK [mE
RE-| VCC150_DDR3 GMDK [T
Re| VCC150_DDR3 GNDK [PT
VCG150_DDR3 GNDK D
FT M1
W2_DDREKO————————— VCO150_DDRICK - - VCC33A_ADC ~03V3_NFU
H1
N4 GND234_ADC [HZ
W1_DFLT: —JITE| VCC11A_FLLD GND33A_ADC
IVI_NPUo- /CC11A_PLLZ GND3A_ADC
/CC11A_PLLY
——— GNDH1A_FLLI24
Ri0
Fa CC11A_FLL_DDR_A [pg— TVI_NFU
1V1_NPU<>—E—5—Z— VCC114_PLLT GND11A_FLL_DDR_A
—&T| VCCT1AFLLE
B s v ED L sivs DDRCK
<|— GND1

WCC1BATO_MEBXOL 25
& WE_NPUO—4———F
—BX |

WCC11a _MPRIOL TVI_NFU oz

AT
&

18AI0_MPRXD
1BAI0_MPRX1
11A_MPRXO
1A MPRX]

[s1sls]s]
IxIx1x1s]

o

GND_MFRX0

AT

GMO_MFPRAD

B2

GND_MFRXD

F1

GND_MPRXT

A

GND_MPRXT

D1
X

KGD: VDD, 1

-2 12_DDRCK

Mz

KLE20_BGATEY

Figure 4 - Power topology: KL520
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Figure 5 - Power topology: KL520 bypass capacitors

2.2 USB 2.0

There are three different application regarding USB, here’s the example for how to do this application from
schematic point of view.

12
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2.2.1 USB 2.0: Host Mode

USB Host Mode X_OTG_DRV_VBUS
3V3ONPU "1" : Enable power output
VBUS 0" : Disable pouwer output
J_ C1l - 1
4.7uF  3V3_NPU é 1 ¢z
i 0
= ) R2 4.7uF
USB 1 Vin Vout (V) < a| =
VCC33A_OTG EN <l u1
R3 7
X OTG_DRV_VBUS Vel < 78k 5| SHIELD
= 1
X OTG_VBUS = 5 VBUS
X_OTG_DM % DM
X_OTG_DP 2| oP
R4 = ID
X_OTG_RREF l \/0\/ 2~ GND
GNDA_OTG < R1 g NC
{ NC
S 12k-1%
Mozart icro_USB_B
= = = NA o

Figure 6 — USB 2.0 schematic reference: Host Mode

2.2.2 USB 2.0: Device Mode

3V3_NPU
o

J_ C1l
_-_I—_4.7uF

3V3_NPU
el

VCC33A_OTG

X OTG_DRV_VBUS

USB Device Mode

X_OTG_VBUS

Ul

SHIELD
SHIELD

X_OTG_DM

X_OTG_DP

X_OTG_RREF

GNDA_OTG

Micro_USB_B

NA

Figure 7 — USB 2.0 schematic reference: Device Mode

2.2.3 USB 2.0: Companion Mode

VCC33A_0TG

X_OTG_DRV_VBUS

X_OTG_VBUS

USB Companion Mode
3V3_NPU
o
J_ c1
4.7uF  3V3_NPU
— o

3V3_DFLT
o

ain_chip

X_OTG_DM

X_OTG_DM

X_OTG_DP

X_OTG_RREF

GNDA_OTG

Mozart

s

X_OTG_DP

ain chip

Figure 8 — USB 2.0 schematic reference: Companion Mode
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2.2.4 USB 2.0: Not used

USB : Don't used

3V3_NPU
o

VCC33A_0TG

( OTG_DRV_VBUS
X_OTG_VBUS
X_OTG_DM
X_OTG_DP
X_OTG_RREF

GNDA_OTG

Figure 9 — USB 2.0 schematic reference: Not used

2.3 Bootstrap pin

Bootstrap sets the status when KL520 powered up, we would suggest to set to “EVB design” status when
we start to do our development. It can allow user to power up via ROM. Once the development is done,
we can change to “product design” setup, it will power up from flash.

2.3.1 EVB design

POWER ON state assignment

VCC3I0
=]
R105 R10T R10E R108 R106
NC_12K S NC_12K % NC_12K % NC_12K % NC_12K

SPI.CS. N

JTAG TDO
USE_URV_VEUS
WO

£ _UARTO TX

RT1Z RT1G RTIE RTIT R4
12K % 12K % 12K % 12K % % 1.2K
be) be) be) be) be)

Figure 10 — Bootstrap schematic reference: EVB design

14
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2.3.2 Product design

POWER ON state assignment

VCCIO
o
R105 R10T R108 R103 R108
NC_12K % NC_i2K S NC_i2K % NC_i2K S NC_i2K
SPI_CS M
JTAG_T00
55 DRV _VEUS
P
¥_UARTO_TE

Ri12 Ri1E Rii& RI1T Rit4
12K 12K % 12K % 12K % NG_1.2K
el el el el el

Figure 11 - Bootstrap schematic reference: Product design

2.4 MIPI RXO, RX1

IPI-RX 1 1VIA NPU 1V8A NPU .
o
VCC11A_MPRX0  ens
VCC18AIO_MPRX0
MPRX0_DNO
X_MPRX0_DNO MPRX0_DPO 4
X_MPRX0_DPO = z
MPRX0_DN1 6
X_MPRX0_DN1 VPRYX0 DPL >
X_MPRX0_DP1 = B
MPRX0_CKN 9
X_MPRXO_CKN MPRY0 CKP 0
X_MPRX0_CKP =
X_MPRX0_RBIAS @AAAK o soL
GND_MPRX0 — ﬁ
GPIO0 6
KL520 v GPIOL 7
GPIOZ 8
12C_GPIO_1 GPIO3 9
0
12C0_SCL
X_12C0_SCL 5C0 SDA vig-sv
X 12C0_SDA J
4
X_SD_DATI0] JE J_ G
X_SD_DAT[1] = c22 5
X_SD_DAT[2] -
X_SD_DAT[3] EOUF E'lu': 5
D D
KL520 -
A
D D
3v3_| DFLT 1V1A NPU 1V8A NPU FH28-285-0.5SH
o— o—
/: ’ c24 cze
> R6 > 10uF 1uF 10uF 1uF
N a4 7K\ 4 7K
12C0 scL
12C0_SDA Near B6 F2 Near B3 D3

Figure 12 — MIPI RX0, RX1 schematic reference

€ Note
If the MIPI Not be used then the X_MPRX0_RBIAS and X_MPRX1_RBIAS can be floated.
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2.5 MIPITX

MIPI-TX 1VIA NPU  1VBA NPU
o o
VCC11A_MPTX 1v2g NPU
VCC11AP_MPTX a
(=]
VCC12A_MPTX 3 ons
VCC18A_MPTX 3
MPTX_DNO
X MPTX DNO MPTX_DPO 2
X_MPTX_DPO =
MPTX_DN1 6
X_MPTX_DN1 METXDPL -
X_MPTX_DP1 5
MPTX_CKN 9
X_MPTX_CKN METX CKP 5
X_MPTX_CKP
X_MPTX_RBIAS 12C1 SCL
4
GND11A_MPTX e =
GND11AP_MPTX GPIOO s
GPIOL 7
KL520 GPIOZ 8
GPIO3 9
12C_GPIO_2 5
VIN_5V
12C1 SCL o
X_12C1_SCL 5CT SDA |
X 12C1_SDA = JE l y
X_SD_DATI0] 2l c2 2
X_SD_DAT[1]
X SD_DAT[2] OuF D.1uF ;
X_SD_DAT[3] S S
KL520 Q
/{ D D
FH28-285-0.5SH
3V3_DFLT
L lVl/?_NPU 1V2/(]\_NPU 1v8A NPU
<: g J‘c23 1 c24 J‘czs ot c26 iczs 1 c26
g Re > R7 10uF | 1uF 10uF | 1uF 10uF | 1uF
N 47Ky 47K
12C1 scL { {
12C1 SDA Near F2 D3 Near E3 Near B2
Figure 13 — MIPI TX schematic reference
2.6 XTAL
X OSCH_I0
Crystal XTAL
X OSCH_IN Z R33
X _OSCRTC 10 >
 OSCRTC 10 X_OSCRTC_IO <o
g |  oseRTe N X OSCRTC IN ¢ Rat {R32 . A NC 1M |
)
X_OSCRTC_IN <o v2
R30 NC 1M 4 3
roU A
X OSCH_IO 1 At
X_OSCH_IO vi o
X_OSCH_IN N
X_OSCH_IN 1 | L 1l 2
32.768KHz 12MHz
CM2012H32768DZFT ECS-120-18-33-JEM-TR
= c30 - ca1 == c32 - c33
KL520 10pF 10pF 18pF 18pF

€ Note

Figure 14— Crystal schematic reference

These crystals should be placed as close to KL520 as possible.
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2.7 ADC
2.7.1 ADC: used

ADC

3v3_NPU
o

VCC33A_ADC 3V3 NPU X ADC_XVRT

X_ADC_XVRT ° Q
X_ADC_XVRT

X_ADC_XAINO
X_ADC_XAINO X_ADC_XAINL C30 C31
X _ADC_XAIN1 X ADC_XAINZ 10uF 1uF
X_ADC_XAIN2 X ADC XAING
X_ADC_XAIN3

GND33A_ADC Near M1 Near J1

KL520

2.7.2 ADC: Not used

Figure 15— ADC schematic reference

ADC 1

ADC : Don't used

3v3 0N PU

VCC33A_ADC 3VSNPU X ADC_XVRT

o -
l CB1 cB2
0.1uF 0.1uF

Near M1

X ADC_XVRT

X_ADC_XVRT

X_ADC_XAINO
X_ADC_XAIN1
X_ADC_XAIN2
X_ADC_XAIN3

GND33A_ADC

KL520

Figure 16 - ADC schematic reference (Not used)
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3 HW layout design guide line

3.1 Routing on Power Decoupling cap.
As we mentioned in Chapter2.1, The routing of the capacitor (normally 0603 or 0402 package) should be

optimized to achieve lowest inductance. It is recommended to keep the power trace length (from the
package pads to the VIAs) as short as possible. Also, we would recommend to avoid sharing the same via

with two or more decoupling capacitors.

Good examples
Shared via

l '
{h (i)
Figure 17- routing example for decoupling capacitors.
Please also follow those rules:
1. Please use plane on GND
2. De-cap placement rule: 1uF, 0.1uF to chip distance < 100mil
3. 1V1_DFLT, 3V3_DFLT, 1V1_NPU, 1V2_NPU must be used the power plane. For other power, the

PCB trace width as possible as large than 40 mail

4. Altera also provide the very good examples for de-cap layout as the following figure:

N

ofy 3
]

|
:

Good Layout Poor Layout

0.030

Figure 18- de-cap layout example

3.2 MIPI traces

KL520-series provides a high-resolution high-speed flexible interconnection of the MIPI CSI transceiver. It is
compliant with the Camera Serial Interface 2 (CSI-2) and supports MIPI Alliance specifications. The

supported data rate is up to 1.2 Gbps per lane and scalable from one to two data lanes.
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There are some guide lines for MIPI traces:

e  MPRX*CKP/N, MPTX*DP/N and MPRX*DP/N pairs should be routed with controlled 100-Q
differential impedance (£20%) or 50-Q single-ended impedance (£15%).

e These differential pairs should have the same length. The length difference of these differential
pairs should within 5 mils.

e  Keep away from other high-speed signals.

e  Route all the differential pair on the same layer.

e  Each pair should be separated by 3 times of its trace width.

e Leave unused MIPI terminals (MPRX*CKP/N, MPTX*DP/N and MPRX*DP/N) unconnected.

e  The number of used VIAs should be as small as possible. Suggested number is less than two.

e  There should be a ground plane as reference plane on its adjacent layer.

e Do not route differential pairs over any plane split.

Figure 19- avoid routing across a split plane.
e Adding test points will cause impedance variation. It may impact signal quality. If test points
needed, they should be placed in series and symmetrically.

e  The maximum trace length over FR4 pcb is around 25~30cm.

3.3 12C

There’s no specific layout requirement for 12C. The |12 C interface (SDA and SCL pins) requires external pull-
up resistors to VCCIO for proper operation. If the 12 C interface is not used, then it should be pulled-down

or tied directly to GND.

3.4 GPIOs
The GPIO are used for various purposes. Please refer to the KL520 datasheet for functional details of each
GPIO. The GPIO do not have any internal pull-up or pull-down resistors. When a GPIO is pulled-up, it should
be pulled-up to the VCCIO supply. Unused GPIOs should be pulled-down or tied to GND.

3.5 TEST Pins
MPRX1_RBIAS, MPRX0_RBIAS, OTG_RREF, RBias, KGD_ZQ, DDRUP and DDRDN pins are reserved pins and
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are intended for Kneron use only.
e  MPRX1_RBIAS and MPRX0_RBIAS are connect 2Kohm resistor to GND.
e  OTG_RREF is connect 12Kohm to GND
e  OMis connected to Ground through a 1KQ resistor
e  DDRUP is connect 240ohm to GND
e DDRDN is connect 240o0hm to VCC1500_DDR3
e KGD_ZQ s connect 240ohm to GND

Users can simply refer to KL520 reference schematic for how to make these connections in detail.

3.6 Clock traces

As we mentioned in Chapter2.2, there are two clock sources in KL520, 32.768KHz and 12MHz.

A series resistor is recommended near each clock source to reduce EMI. If possible, bury these clock trace

in the inner layer or minimize the distance between KL520 and these two crystals.

XTAL X OSCH 10

X OSCH_IN

X OSCRTC 10
X_OSCRTC_IO

X OSCRTC_IO

X_OSCRTC_IN

X_OSCRTC_IN <o V2

X_OSCH_IO

X_OSCH_IN
32.768KHz 12MHz

— C30 - C31 - C32

1520 10pF 10pF 18pF

X OSCRTC IN < R31 P R32 \/\/\NC iM

3

2

R30 NC 1M 4
X OSCH_I0 T AT S 4
Y1 -
X_OSCH_IN Amf | 1]

CM2012H32768DZFT ECS-120-18-33-JEM-TR

- C33

18pF

Figure 20- reserve a series resistor to avoid EMI problem.

3.7 USB traces

USB in KL520-series can be configured as host, device, and OTG applications, which enable an easy

connection between the USB peripherals and any USB-ready product.

Bellowing are the recommended routing rules for USB traces.
e  Route OTG_DM and OTG_DP as 90ohm differential pair
e  There should be a reference ground plane adjacent to routing layer
e Route OTG_DM and OTG_DP as short as possible.
e  Keep away from other high-speed signals.

e Do not route OTG_DM and OTG_DP pair over any plane split.
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e  Keep away from edge of reference plane
e  Always provide a good return path (ground) for current
e Adding test points will cause impedance variation. It may impact signal quality. If test points

needed, they should be placed in series and symmetrically.

X

g
..._
& S

Figure 21- recommended routing of test points on differential pair

3.8 SPI traces

KL520-series contains SPI interface controller to execute the SPI Flash command as ROM and link with

other devices.
3.8.1Clock Signal routing
When routing the clock signal, special cares should be taken.

There are some major notes for the clock routing.

e The clock trace should be separated from other signal from 3 time of its trace width.

—>ll < X
<>l <>
3x 3x
signa&s Clock trace  signal traces

Figure 22- Separate clock from other signals.

e  Use as less VIAs as possible.
e  There should be a reference plane adjacent to clock routing plane and the reference plane
should be continuous.
e  Route clock trace as straight as possible. To avoid serpentine trace for clock.
3.8.2 Data signal routing

There are some notes for data signals:

® Data bus should be routed with matching length to the reference of clock. We

21



KL520 HW design guide_v2.4

recommended within +/-150 mils.
® Signal traces should have a solid reference plane (power or ground).
3.9 SDIO traces
KL520 offers SDIO interface that enables us to use SDIO BT/Wifi module.
These are the notes for the SDIO traces guide line:
® Do not leave any stubs on traces and limit the length of DATA trace to not exceed that of the
CLK trace
® Match the lengths of the SDIO lines to within £100 mils. Note that the time delay is about 16.7
ps for every 100 mils of length
® Separate the SDIO_CLK line from the SDIO CMD and DATA lines (we would suggest minimum
distance between SDIO_CLK and SDIO CMD/ SDIO DATA is two time of its trace width). Routing
the SDIO_CLK line parallel and close to command and data lines can cause glitches on the bus,

thus affecting SDIO operation

3.10 UART/PWM/I2S

KL520 implements the most common communication protocol, UART. For black light or LED control, it also
offers PWM. Since 12S is a populate audio format provided by many audio devices, KL520-series provides

this interface to transfer digital audio data.

These signals do not have specific requirement for hardware point of view. But please keep them away

from noisy signals.
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4 Design Consideration of smart door lock

application
With the KL520, we can turn a door lock into a door opener that has face recognition function.

] 'i‘ 1'56;‘1_"}! ) f“": "\'lt ’ J |”|‘ (l" I'I . )| '
i W diid i s
| we

Figure 23-Using KL520 as a smart door lock
For the smart door application, designers need to pay attention about KL520 power arrangement. The
door lock is powered by battery and user is not always use door lock all the time. It needs to have low
power consumption at sleep mode (or called RTC mode.) at uA order.
4.1 Power arrangement in door lock application
Bellow figure shows the power arrangement in door lock application. From bellowing figure, we can find
that we have an additional switch on it. The reason for the switch is that we can switch the 5V power off to

avoid the leakage current on the PMIC in RTC mode.

VIN 5V VCC3I0_RTC

Power source for
KL520 (1V1_DFLT,
3V3_DFLT, 1V1_NPU,
VIN_5V_PMIC 3V3_NPU...etc.)

PMIC_POWER_EN (GPIO)

Control from MCU a '

X_PSW_DFLT Additional switch

E Control from KL520

Figure 24- power arrangement in door lock application
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VIN_5V VCC3I0_RTC
SO
Power source for
rated Load Switch KL520 (1V1_DFLT,
MOSFET 3V3_DFLT, 1V1_NPU,
5 IN_5V_PMIC 3V3_NPU...etc.)
I_‘ 1¥1 'J
- -
R1. - c
t | 1]
PMIC_POWER_EN (GPIO) R2z orne &
Control from MCU |.’,q3. az | sm
X_PSW_DFLT
< Control from KL520

Figure 25- power off the 5V input in RTC mode to save more current

4.2 Control interface between KL520 and host

There are several 10s that may need to connect to KL520:

usSB

UARTN_TX/RX (except UARTO)
X_RESET_N

X_PTN

X_PSW_DFLT
PMIC_POWER_EN (GPIO)
JTAG

4.3 Block Diagram

Bellowing is the block diagram that shows how these |Os are connect to KL520:
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Kneron
KL520

For debugging and transfer image data

The signal shakes hands
between the KL520 and the host.

PMIC_PWR_EN (GPIO)

Figure 26 — block diagram of the I0s that connect to KL520

4.4 10 description
4.4.1 USB interface
This interface is reserved for debugging. For example, capturing the images from DDR and FW update.
4.4.2 UARTn and SPI (except UARTO)
Where n=1~4. UARTO is the default interface used for KL520 debugging. For example, the debugging
message.
UARTN/SPI is the interface between AP and KL520. For example, returning the recognition result to AP.
4.43 X_RESET_N
X_RESET N is connected to the host. The host can control this pin to reset the KL520.
444 X_PTN
X_PTN is connected to host. Host can control this pin to turn on or turn off the KL520.
4.4.5 X_PSW_DFLT
X_PSW_DFLT should be connected to the host. X_PSW_DFLT will change the voltage from high to low when
KL520 entered RTC mode.
4.4.6 PMIC_POWER_EN (GPIO)
As we mentioned in 4.1, X_PSW_DFLT will notify the host before the KL520 turns off the internal power and
enters RTC mode. HOST_POWER_ON from the host will turn off PMIC.
4.4.7 JTAG
JTAG interface is for KL520 debugging.
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4.5 Timing recommendation of entering/existing RTC mode.
This chapter will show the flow of how to enter and exist RTC mode.

4.5.1 The flow of entering RTC mode.
The host flow of entering RTC mode will be like:

send “cmd_shutdown” command and

wait for response

Set all the I0s (please refer to figure 26)
that connect to KL520 to GPO low or
High impedance

Wait until PSW_DFLT change from High

to Low

(For the case that didn’t use PSW_DFLT

as the indication of entering RTC mode,

need to have a delay around 200ms)

Turn the switch off (PMIC_POWER_EN

set to low).

Figure 27 — the flow of entering RTC mode
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10

VCC3IO_RTC

UARTRn 7
Power Off Command
X_PSW_DFLT AN

3V3_DFLT N,

PMIC_POWER_EN N\

VIN_5V_PMIC

Figure 28 — timing diagram example of entering RTC mode

4.5.2 The flow of existing RTC mode
The host flow of existing RTC mode would be like:

Turn the switch on, PMIC_POWER_EN
set to high.

Set X_PTN to high (>125.5ms), then back

to low

Wait for “power_on_ready” event

Figure 29 — the flow of existing RTC mode

1 2 3 4 5 ] 7 8

10

VCC3I0_RTC Always on

PMIC_POWER_EN /

VIN_5V_PMIC /
wThigh > 125 bms |

X_PTN b .

X_PSW_DFLT /

Figure 30 — timing diagram of existing RTC mode
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4.6 Mechanic considerations

Besides schematic and layout, there are something that may also need to pay some attention. This chapter

shows something belong to mechanic design.

4.6.1 Put two cameras at the same base line.

If users want to use two cameras to do such as 3D recognition, please note that we need to put these two

cameras at the horizontal line. Please refer to bellow drawing:

GOOD!

Figure 31- Good example of camera placement

Figure 32- Bad example of camera placement.

Figure 33- a practical example of two cameras in a mechanic housing.

4.6.2 Minimum distance between two cameras

The suggested minimum distance between two cameras is 5cm.

5cm

Figure 34- suggested minimum distance between two cameras

4.6.3 Scanning orders

In order to get a good recognition results, we should follow scanning orders like picture show bellow:
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sensor: landscape mode sensor: landscape mode
scan: left to right scan: left to right

horizontal line >= 5cm

Data sequence in memory

Scanning order

1 23 45 6
1 2 Right Eye Left Eye Nose Mouth
3 4
5 6

Figure 35- suggested scanning order

4.6.4 How to check camera’s scanning order

When we open a camera sensor’s datasheet, we may find a picture shows its first pixel and its pixel size:

A
light shiel @ny pixels:16 pixels
Pixel area 1616(H) X 1248(V)

Y

dummy pixels:16 pixels

v
A
signal pixels:1600 pixels

Y

A
Y

4
L
A

dummy pixels:8 pixels
dummy pixels:8 pixels

Effective pixel 1600(H) X 1200(V)

signal pixels:1200 pixels

dummy pixels:16 pixels ~ Active pixel 1616(H) X 1232(V)

First'pixel
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Figure 36- First pixel and camera pixel size.

Normally, the scanning order is horizontal line, like picture bellow:

A

dummy pixels:16 pixels

signal pixels:1600 pixels

L
i

ixels

dummy pixels:8 pixels

Effective pixel 1600(H) X 1200(V)

signal pixels:1200 pixels
dummy pixels

A 4

dummy pixels:16 pixels ~ Active pixel 1616(H) X 1232(V)

u

-

L

Figure 37- scanning order
The scanning order is along with “1600-pixel side”. Then we can open the datasheet of camera module, we
know that scanning order is along with “1600-pixel side”, the scanning order would like picture show

bellow:
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T
616
6.50+0.1(Holder) 4 T

[\

g = m/ @6?’
- % @5.00
Sn|  Scan order | —
) = 1/
] @
] m'—d
] 3
— 3 FS1802
— N XRV02

o

| S
] 6.50+0.15
o WPT-PO24VAL
= g

Figure 38- scanning order in camera module

Users may want to ask how we know exactly scanning is start and from which corner:

~ 1616

666l

Figure 39- From upper left corner
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1616

6661

v

Figure 40- from lower left corner

~ 1616

6661

Figure 41- from upper right corner

~ 1616

666l

A

Figure 42- from lower right corner
It’s not really matters, we just need to know which side scanning order is along with. The reason is that

normally camera sensor has flip/mirror function, we can use it to adjust to correct the orders we want:

Herizontal Mirror Vertical Flip Harizontal Mirror and Vertical Flip

Figure 43- mirror and flip function of camera module.
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4.6.5 The opening window of LED
The opening window of LED need to be considered carefully. If this window too small, we will see a noisy,

blurry and ringing artifacts after adding smart lock housing.

\_
/ housing

LED

Figure 44 — small opening would cause refraction of light

Tips: Drag images with LEFT ; S EEL to Press Ctri key or Right to work with individual images. ] Auto-Ft smooth ] Flename EXIF Histogram Cose |
@ @ 180% v 3 11 H H & PP X @ Q 18% v 11 H H & IS X

2020-03-14_03-06-28.png ,

LED off

LED on

@ Q@ 180% v o 11 H O H G P FX__ e « @ Q1% v @ o H HGE P X

Figure 45 — NIR images, we can see a ring if we turn on the LED
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toom njout Press Culkey or Rght mouse button towork wth ndvdualimages. . YlaoR Smooth V] Flename B Hstogram Cose

R Q 200% v 4 11 H D& IS X @ Q2w% e He SIS X

body

Figure 46 — RGB images, we can see a ring if we turn on the LED

4.6.6 The opening window of cameras

Similar to what we describe in previous chapter, the opening window of LEDs. A bad camera opening

design will cause a bad image we got from camera. Some area will be blocked.

7 blocked

Figure 47 — image corners are blocked.
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It is important to double check images from camera when engineers finish the mechanic parts assembly.

4.6.7 Tilt NIR around 6~8 degree (optional)

If possible, we would suggest to tilt NIR camera a bit in order to get more precise 3D result.

Original module

NIR NIR RGB RGB
Camera LED LED Camera

A Vv
New module
NIR NIR RGB RGB
Camera LED LED Camera
- ) ) (/——\)
(@ P g N i
P )
6~8 degree
A

Figure 48 —tilt NIR camera to 6~8 degree
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