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2 Important Notice

For the performance consideration, the critical layout and components show, no-change &
critical parts, please follow MTK QVL design.

AlQ/0OSC/Crystal

DDR, layout, power trace and cap position

Flash

DVDD_CORE, DVDD_PROC_L (MT7986A) cap and position andDVDD_CORE_FB

. The E-Cap/Inductor of the 3.3V Power supply out. Buck Must Force PWM mode for lower
ripple.

G wN e
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3 Product Requirement Document (PRD)

The following table covers the main features offered by MT7986A/B/C datasheet.

Features MT7986A MT7986B/C
CPU ARM CA53 (2.0GHz, Quad-core), NEON ARM CA53 (1.6GHz, Quad-core), NEON
I-Cache, D-Cache |[32kB, 32kB per core 32kB, 32kB per core
L2 Cache 512KB 512KB
Security Secure boot Secure boot
Crypto Suite Crypto Suite
Anti Clone Anti Clone
DRAM 16bit DDR3-2133 2Gbh/4Gb 16bit DDR3-2133 KGD
16bit DDR4-3200 8Gb/16Gb (4Gb Planning) 256MB(MT7986BS)/512MB(MT7986BL) SIP
16bit DDR4-2666 4Gh/8Gb/16Gb Planning 256MB(MT7986CS)/512MB(MT7986CL) SIP
WIFI Lead in 4x4+4x4 WIFI6E FEM integration MT7986B: 4x4+4x4 WIFIGE FEM integration
Airtime Fairness MT7986C: 2x2+3x3 WIFIGE FEM integration
Spectrum Analyzer Airtime Fairness
Spectrum Analyzer
Ethernet (H)SGMII x 2 (H)SGMII x 2
HW QoS 128 hardware queues 64 HW queues,
SFQ w/ 1k queues. FQ w/ 1K queues
Seamlessly co-work with HW NAT engine. Seamlessly co-work with HW NAT engine.
WIFI HNAT Ethernet /WiFi Ethernet /WiFi
Wired speed Wired speed
IPv4 Routing, NAT, NAPT IPv4 Routing, NAT, NAPT
IPv6 routing, DS-lite, 6RD, 6to4 IPv6 routing, DS-lite, 6RD, 6to4
USB (USB3.0 host+USB2.0 host) x 1 +USB2.0 Hostx1 | (USB3.0 host+USB2.0 host) x 1
PCle PCle2.0 2L No
eMMC eMMC5.1 (CLK 104MHz), max 16GB(QVL) eMMCA4.5 share w/ SPI0, SPI1, PWM1,
SPIM Flash 1 (max 52MHz) 1 (max 52MHz)
(NOR/NAND) data bit width x1/x2/x4 data bit width x1/x2/x4
Support 4-byte address mode compatible with 3- [Support 4-byte address mode compatible with 3-byte
byte address mode address mode
12C 1 1
PCM 1 No
UART 1* UART-Lite(2-pins) , 2* 4-pin UART 1* UART-Lite(2-pins), 2*4-pin UART(share pin)

BT/ZigBee coexist

Yes, support 3rd part BT/Zigbee by USB/Uart and
3 wire coexist.

No

Package VFBGA (16.85 x 16.85 x 0.9 mm) FCCSP 13.6 x 13.6 mm
Table 3-1 : MT7986 main feature list
MT7986 MediaTek proprietary and confidential Page 10 of 92




4 MT7986 RFB Board

MT7986 HW Application Note

4.1 MT7986 SKU and chip solution

SKU table and chip solution for your reference. Any issue, please contact MTK sales first.

NO 2.4G iFEM+5G eFEM or 2.4G eFEM+5G iFEM mix mode, Must 2.4G/5G iFEM or 2.4G/5G

eFEM.
KU (p2%))] (2+3) (4+4) (4+4) (P2%))] (2+3) (4+4) (4+4) (2+4+2) (4+4+4)
AX4200 AX4200 AX6000 AX6000 AX4200 AX4200 AX6000 AX6000 AX7800 AX8400
CPU MT7986C MT7986C MT7986B MT7986B MT7986A MT7986A MT7986A MT7986A MT7986A MT7986A
2.4G MT7975N MT7976G MT7975N MT7976G MT7976G
MT7976C MT7976DA MT7976C MT7976DA
5/6G MT7975P MT7976A MT7975P MT7976A MT7976A MT7976A
(5G) (6G)
FEM iFEM eFEM iFEM eFEM iFEM eFEM iFEM eFEM eFEM eFEM
External External External External External External
DRAM KGD KGD KGD KGD DDR3 DDR3 DDR3 DDR3 DDR3 DDR3
DDR4 DDR4 DDR4 DDR4 DDR4 DDR4
PCle 2Lx1 PCle 2Lx1
PCle No No No No PCle 2Lx1 PCle 2Lx1 PCle 2Lx1 PCle 2Lx1 MT7916 MT7915
(2G+6G) (5G, BW80)

Note, AX4200/AX7800 only use one A die, if use one A die, AFEO_XIN_WBG and

AFE1_XIN_WBG must wire together.
Table 4-1 : SKU and chip solution

When power-on calibration, the connectors of antenna need terminated by 50 ohm loading.
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i bt | 157 79 _W17976C_DDRI_veD

vee %M'ﬁ;ﬂ AL _PALNA_AXA 100

Fig 4-1: MT7986A+MT7986C RFB Top view
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MT7986 HW Application Note

5 Hardware Design Kit (HDK)

This application note records the details of MT7986 HW settings. Compared to the MT7986
datasheet, this supplement document is conveniently used during customer board level
bring-up.

5.1.1 16bit DDR3 DRAM

MT7986B/C DDR3 embedded or MT7986A use DDR3, the EMI_EXTR resistor is 40.2 ohm/1%
and the DRAM ZQ resistor is 240 ohm/1%.

oL _owe |14

£WDO00_ Bl Frr—————————

DOR_Z0 Y15 AOD0_BlD_ CA T
OOR_Z0 AODO_ B _CA ———————
RO=60 15
Bl - TH s
240 1% EMI TR Bl TP
Ti&
ng[? 54: A,D018_ B0
Bl TP 1 .2 DOR_WRERMMS
DOR_VREF IDE: X1 f DOR: J IDE2 X&

ENI TP. provide VreZf,
For DRLM calibraticon

Bull_EXTR W7

BMil_EXTR:
R&9
40.2 ahmf MT/OSERERBE
L
DDR3 EXTR 40.2 ohm |External DDR3 Ref Vold.

Fig 5-1 : The DRAM reference registers

DDR_VREF connect to EMI_TP for DRAM calibration, and it also needs to reserve
0.1uF/10K1% for Vref and as voltage divider.
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External DDR3 Ref Volty.

=

Reserve
1.5%0
L)
RO16 p— 5 0
NI0OE_1% | O AuF%. 3WEFR
DOR “REF
COis
ROz0 0 AuF M 3T R
NIOE_1%

Near MT7986 DRAM STI

Fig 5-2:

The capacitors of DRAM VREF

MT7986A DDR3 and DDR4 are share pin, if DRAM is DDR3, please use DDR3 pin name. And
AVDDQ_EMIO_XX change to 1.5VD, AVDD15_POR change to 1.5VD.

15VD
1.8VD

T

z

[l ol =1 =] o4

! ZEEFRE| =
SMIE D2l EEER
= = £ BEG_. &
- - e ==
S ssciE =

cwWio Lo L] e —

—EW T4 PED ] gggéé z

= EE

=

E‘

! EMI_EiTR AE4
1EMI_TH  AAIR
L - -

40.2 ohmd 1%

i« : ]

=0 FETZ | EM

E TACE | E
— TN DETRCTS |

EMI_EXTR/EMI-EXTR

S ETTE AT | EMI_TNEMI_TN
= EMITREMITP

SR ITR4 X16 /DCR3xlE

EMID_DM1 EMIO_BAW/EMID AS

1_C/EMID_DQ51_C

KED

EMID-BA1/EMID_BAT [——
EMID_BGI/EMID: A3 ——

EMID CAS_NEMID CAS N

“T/EMIO DQST T

EMIO_WE_N/EMID_ODT
EMIO_ACT_WEMIT_ATD

EMI_RESET_M/EMI|_RESET_N [——

; REZ T4
i T bo W1 TH2

|||—

EXTR DDR3 40,2 ohm/ DDR4

MT7986

MTT385IAP

100 ohm

Fig 5-3 : DDR3 pin mux
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MT7986 HW Application Note

5.1.2 16bit DDR4 DRAM

MT7986A support DDR4-3200, the EMI_EXTR resistor is 100 ohm/1%. So far DDR4 only
support 16bit. Please don't use 8-bitx2 for schematic design.

DDR4 DRAM use 1.2V and 2.5V (VPP), DRAM datasheet/JEDEC standard mention 1.2V
should behind 2.5V (VPP). Check some QVL DRAM datasheet, 2.5V (VPP) max current(IPP)
around 20~30mA, MTK share AVDD12 (AFE 33mA, USB2 5mA, CKSQ 0.15mA), DRAM
AVDDQ_EMI DDR4-3200 238mA. DRAM datasheet max current 363mA, 1.2V total 639mA

Below data is real measurement data 1.2V w/ micron DDR4-3200 8Gb at Normal
temperature.

Current measurement point @DC to DC out (include DDR4 |/F+DDR4 chip + AFE + U2 +

CLKSQ)

Default, mean current 37mA

Memtest 10M 1 time, 1core 100% busy, mean current 163mA

Memtest 10M 2 time, 2core 100% busy, mean current 223mA

Memtest 10M 3 time, 3core 100%, busy, mean current 250mA

Memtest 10M 4 time, 4core 100%, busy, mean current 272mA, current probe max current

384mA (peak), for high temperature, we suggest use 800mA or 1A LDO for 1.2V design.
A NTC Proprietary
@ Level: Property

DDR4-8Gb C-Die

AN NT5AD1024M8C3/NT5AD512M16C4.
Symbol Description DDR4-2666 DDR4-3200 Unit
X8 X16 X8 X16
Iooaw  |Operating Burst Write Current 208 266 253 316 mA
Ibpawa |Operating Burst Write Current (AL=CL-1) 217 275 264 326 mA
loosws |Operating Burst Write Current with Write DBI 209 267 255 317 mA
Iopawe  |Operating Burst Write Current with Write CRC 224 291 275 363 mA
Fig 5-4 : DDR4 RAM 1.2V max current
5.1.3 USB2/3 design

USB2_ 1 is used for USB3 connector, USB2.0 U2_1 AVDD12_USB need to reserve 0-ohm
resistor to prevent USB2.0 power noise to interference AFE, if AFE reserve already, don't
need to reserve.
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USE differential impedance:. 90 ohm

WD 13 55U5E_THP o5 = e I piuF S5USE TH P
U3 S5USB_TEF M@ % SS050 TEH Cig 1 0.1uF

U3 55 USB TN oo TS oOs R
L12_S5USB_R¥P —mm T SSUSh KRN
U3 55USE_RHN

¥19
(5 diiapatl s Al sy np
U2t USE_OM PR

uz_1_USE DM :Egzxpesns\.ﬂmum
seclayedt ——o e = e
|FHtpF/aT
RSN . DR £ o e
L 4
i i pop - '_1DpF.l’NI
55USB_TH P : N e ! 1 2 ™) 7| usE_pMiR =113
fout 1 : o Shield
J TSE-TCH . [iJout i . | USB3 Port Rl T CHND WL M - s €
TerosDsu0Dz | | ‘ e . 55D 5.BHD :
BB LR S5USH_RXP 1 5 GND A,
| ! TEE_RAH_T ] ggg§+ WHST—WS'
| R R : :
$ i ‘ U563.0_sMD_Types
pome |l | -
: ot Zin :
; TCFOSOAU0002MI | |
B85 LR,
C20 0 TuF
“
6 e LR 1, s —H_—‘
P 2 T90Z 1 058 OM C23 & TuF D402 XaR25W
U271 SBD e i 1
47 30mA _| _{
UZ_1_AVDDIS_USE [TTg T VO EE
U_'-" Yahite L UZ7_1_AVDODEI_1ISE = Al 130T
- i [ 1 VOO nmiz Rn4 :R "
L2 ,5 DO 2 USE == W 2
:IE:D“" <SmL
Fig 5-5: USB2_1/USB3
5.1.4 HSGMII schematic design

For ordinary HW configuration, HSGMII SGO must wire to MT7531Port 6, HSGMII SG1 wire
to MT7531A Port 5. If only one 2.5G PHY, the 2.5G PHY must wire to HSGMII SG1. MT7986
RFB SG0O/SG1 default is force link up at 2.5G for MT7531A or 2.5G PHY.
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SMI(MDC/MDIO)

MT7986 . . MT7986
I\\.. ./I I\_ __/'I
SG1 SGO SG1 SGO
| 1
‘ MT7531 \ MT7531
MDI lMDI
{ X'FMR ] LAN l X’FMR ] | X’FMR ] LAN

Fig 5-6 : Giga Switch or one 2.5G PHY

If using two 2.5G PHY, HSGMII SGO must connect to MT7531Port 6, SG1 connect to 2.5G PHY
(address 6), MT7531 Port 5 SGMII connect to 2.5G PHY (address 5). Two 2.5G PHY
MDC/MDIO control by MT7986, if customer use non-HDK 2.5G PHY, please reserve PHY
interrupt for 2.5G PHY.

MT7986

561 I

GU3 l GUL | ‘
l" 2.5G ] ( 256 "1 || MT/e8L

o PHY \____PHY —/ MO
it don
| XEMR | XFMR X'FMR LAN
GP2 GP1 '

Fig 5-7 : Two 2.5Gbps PHY
If using two 1G ports, Suggest HSGMII SGO/1 must connect to MT7531Port 6/5. Don't
suggest to use two single 1G PHY.

5.1.5 PCle 2.0 2 Lane design
MT7986A support PCle 2.0 2 lane design
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5.1.6

MT7986 HW Application Note

Power cap list

Table 5-1 shows the de-coupling cap values of the power trace. The placement guidelines
follow basic rules small capacitors close to MT7986B main chip and the large capacitors are
closer to power source.

5.1.6.1

Pin name

0.85V/AVDD18/AVDD12/AVDDO09

de-couping cap value

DVDD_CORE 0.85V/8.24A (0201 1uF*16)
AFEO_AVDD18_WABG cap value:0.1uF+1uF
AFE1_AVDD18_ WBG cap value:0.1uF+1uF
AFEO_AVDD12_WBG cap value:0.1uF+1uF

AFE AFE1_AVDD12_WBG cap value:0.1uF+1uF

BG_OUT 1uF

REFP 1uF

VQPS 1.8VD 0.1uF+1uF
U3_AVDDO09_SSUSB cap :0.1uF+1uF

USB30 U3_AVDD18_SSUSB cap :0.1uF+1uF
AVDD18 cap :0.1uF+1uF (share u3, work for u3
oru2)

AVDD12 cap 0.1uF

USB2 AVDD33 cap 0.1uF+4.7uF
SGO_AVDDO09_SSUSB cap :0.1uF+1uF
SG1_AVDDO09_SSUSB cap :0.1uF+1uF
SGO_AVDD18 SSUSB cap :0.1uF+1uF

(H)SGMII SG1_AVDD18 SSUSB cap :0.1uF+1uF

DRAM DDR_VDDQ(1.5VD) cap:0201 0.1uF*5
AVDDQ_EMIO/ AVDDQ_EMIO_CA (1.5V) Cap:
0201 0.1uF*8 (Top) + 0201 0.1uF *8 (Bottom)

DRAM controller AVDD18_EMIO cap: 0.1uF+1uF

Table 5-1 : Power cap list

U3/HSGMII Power cap

Please follow HDK to add USB3.0/HSGMII cap 0.1uF+1uF for each power pin.

MT7986
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5.1.6.2

SmiL AvDO09 H1T
M s P
e Tem Joas
T|cx T|can SG1_S5USH_THP RI0
= = SE JoE CIZSSUSET et
e WF 10U 1uF _I_? _I_: 5| SRR i)
= Lot AATIO0G HiG
. R HT
_- oot e
~|cir T|czs
o ot :ﬁuF L:E.WUF
alfoloaer L L

5060_$5USE_RKP
SG0_$5USE_RKN

SO0_AvDD09_35U58
SG0_sVDDNE_S5USE

$G1_§5USE THP
SG1_55USETHN
561755036 RXP
SG1_S5USE_RAN

SCG1_AVDD0Y_S5U5E
S01_AVDDIS_S5Us58

MIFOSGREBD

U3_33USB_RXF [p
13 55USE_RHN T S5UIE Rl
Al
a1 use 8 | Tt
Uz 1 TUSE DM [ ——————
Uz_1_AD01E_USE |11k
1 =, TT
U371 AWDO33_USH (o7 12 1 AT EE
UzT1-AVD 2 USE
~|cena
|0 1UF 30md
U3 _ADD13_55U58 et =
£y o RTE
U3ZADO0 55 03E AT
~|cenan T |coas
wlWF e0iuF
20018
~|oenas T |can4z
altF el0iuF

Fig 5-8 : U3+HSGMII Power caps

MT7986B/C DRAM Power Caps

Please follow HDK to add SOC_DDR Controller Caps: 0201 *8 (Top) + 0201 *8 (Bottom)
For KGD Dram: 0201 *5

Check layout if current >200mkd,

Short EBar should change one 060372

1.6v0
ADO0_Bii Ll E----------- --------------------------------------------------'T‘-ﬁl-:\----?
ﬁ%gg_mg ! Tlew Tlen Tletz Tjen o4 | corrT || C1e 7| ois
MBS;%IB;EQ el 0F o J0AUF el 00 cal0UF o[ BAUF | 0LUF o [DL10F ca|0L10F WMUFMSDS%RM_:}V
EMlTH TR
B I.g\f'D E 'j_C1D?1:_C1DGQ:_CID?D:_EHDGT:_C1DBS:_CID?4:_C1D?2:_CIDTS E
AOD1E_BAID T | i :lEJuF:EJUF:E.WUF:E.MF:E.WUF:E.MF:EJUF:E.MF i
~| ctoss T |C1o66 T Batta
IDE: X3 = == i :
P B 1L X T T L I T T e T e e e T
_ For B80C DDR: 0201 *8 (Tep) + 0201 *8 (Bettom)
For Dram: 0201 *5
Fig 5-9 : MT7986B/C DRAM controller Power Cap
Y16
AVDD15_POR LD
Input for DDR I/0
Y9
DDR_VDDQ [~1g 1 1 4 +
DDR_VDDQ |™7q T|cT7 T|c739 T|c7as T |C7aT ’JE?:M ‘13727 ~|c728 ~ | ce047
DDR_VDDQ |13 L i b % = T] o = =
DDR_VDDQ
DDR_VDDQ ﬁ?o :EJUF «|0.1UF ¢q70.1uF ~ 0.1uq1uF (]J—(HUF ,]J—o.mF | 0.1UF | 0.1UF
DDR_VDDQ [~ Aa11 ‘ ‘ ‘ ‘
DDR_VDDQ
G7
DVDD_CORE G175 —
DVDD_CORE Tq ¥

5.1.6.3

MT7986

Fig 5-10: MT7986B/C DRAM KGD Power Cap

MT7986B/C DVDD_CORE Power cap
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Please follow HDK to add DVDD_CORE 1uF*16 for power pin.
.

OVDD_CORE
Q

'jES? 'jEG‘B'j_CGQ‘j_CGD‘iCG 1 ‘j_CGE:LCEiS:LCB‘ij 657 Cﬁﬁ'jEﬁ?'jEé&'j_CGQ'j_C?D‘iC? 1 :]_C?i"jfn

10uF040205RM0V :.T —l_uF TuF:JI_uF:JI—uF Tch:J_uF;ruF —|_|.|F¢..l 1uF<:FuF:JITuF¢:JI:uF:JﬁuFNJ1uF<:J]_1uF<:!_1uF

.,|+_

Panther ReBE, DVDD_CORE 0.85V/7.44 (0201 lu*ls)

Fig 5-11: MT7986B/C DVDD_CORE Power caps

51.6.4  MT7986A DVDD_CORE and DVDD_PROC_L Power cap
Please MUST follow HDK layout use 0201 1uF *10 for DVDD_CORE and use 0201 1uF *8 for
DVDD_PROC_L.

n
]
i
i
[
=
o}
)
Ay
i
&
[
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e Rt P R
—_25? T |CEET|CEST |CBOT |CB1T | CBXT C"'T_I_CB-";I_CE\E\_IEER— CE\-T—JEE\B';I_C"\E— C]'O'__IET 'jETZ'j_CTJ
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Fig 5-12: MT7986A DVDD_CORE and DVDD_PROC_L Power caps

5.1.7 Power Plan

51.71 MT7986B+MT7975x2 AX6000 Power Plan (example)

Fig 5-13, the power tree is not for thermal simulation, it only for DC-to-DC regulator
selection. The max power consumption calculates for RX and TX at same time, for power
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adaptor selection, please refer TX max current. (Note: TX and RX can’t work at same time.)

Power Tree (MT7986B-+MT7975x2_AX6000) B

wfo intel 2 5G PHY (use other Power Buck)

T 416mA{ CPU na Full Inad
EX 626.5m TH_GMbps :4995maA
FX IIAX 8238.9mA,
POWWER Supply
12 adaptor 1216mA E62.1mA 189.4mA

12vwaorst case [wfn USE) 90% &ff To est 121.2mA
Wifi TR/RX can't workatsame time

™~ast 12 adaptor 12%2A
L 3 d I6E.2mA 2068l 7ma FI6.6mA

350mA
Pne 3.3 PMU

B70+2660
LIES0M
> 44 PUM

——— i

71.15mA

10EmA,

2.3 3066.7mA for 2 Aide 24.5mA
—_mm i MT7975 Adie2 4G
1.8y
|Paf2.3v)

. — L 3eramA[3av

MT7975 Adie5G
307mA 18

HPai3.3v)

1220mA

T400mA

BOBmMA
- ._

Fig 5-13: MT7986B + MT7975 power plan (example)

5.1.7.2 MT7986B+MT7976x2+ eFEM AX6000 Power Plan (example)

Fig 5-14, the power tree is not for thermal simulation, it only for DC-to-DC regulator
selection. The max power consumption calculates for RX and TX at same time, for power
adaptor selection, please refer TX max current. (Note: TX and RX can’t work at same time.),
5V FEM buck depend on FEM and TX power, If WIFI TX max is 27dBm suggest using 5_\//5A.

Power Tree (MT7986B+MT7976x2+eFEM_AX6000)

w/o intel 2.5G PHY (use other Power Buck)

&‘;}356";';“_“ sl st L TX_6Mbps:4995mA *12V to 3.3V 4A RFB reserve for
POWER RX MAX 8238.9mA Raspberry module used.

Supply Customer base on current
297mA 973.3mA*, ** 189.4mA Consumption to change RT6264B
A AMAdanion m > To MT6252A or MT6253B
O e 121.2mA Pin to pin

—»

oo **12V Richtek
617.6mA 3500mA™* 726.6mA 2021 Q3 info new design
don’t use RT6264B (part shortage)

DO RT908 350mA Please change to RT62558 or
5 = Other Buck for cost reduction.
71.15mA
—
105mA

MT7986B+DDR3

| 3.3V/3066.7mA for2 Aide  27-9mA
914.3mA

2.4G FEM
|33V MT7976 Adie2.4G QFP4206
8V )

5G FEM
. 288mA_ ,[33y :
1333.5mA | MT7976 Adie 56 QFP4526

x4
e =

1392mA

24dBm
360mA*4
=1440mA

MT7531 ‘

2840mA** for 24dBmx4+24dBmx4

ome of customer don’t care EMI/TX EVM, 27dBmx4-+27dBmx4 3960mA, Suggest Buck RT6255

Fig 5-14: MT7986B + MT7976+eFEM power plan (example)
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MT7986C+MT7976DA+ eFEM AX4200 Power Plan (example)

MT7986 HW Application Note

Fig 5-15, the power tree is not for thermal simulation, it only for DC-to-DC regulator
selection. The max power consumption calculates for RX and TX at same time, for power
adaptor selection, please refer TX max current. (Note: TX and RX can’t work at same time.)
Fig 5-15 FEM power is 23~24dBm, if FEM TX power is >25dBm, please change FEM power to

5V/3A or 4A.

Power Tree (MT7986C+MT7976DA+eFEM_AX4200)

POWER

Supply
12V adaptor

LDO

243TX_6Mbps:4844mA
243 RX MAX 7174.35mA
»

|

w/o intel 2.5G PHY (use other Power Buck)

TX 403mA( CPU no Full load
RX 597.9m|

949.8mA*, **
[DORTI078 |
3.3v->1.8V

12v->3.3V
90%

For 2+3 651.56mA

189.44mA
>

121.2mA

*12V to 3.3V 4A RFB reserve for
Raspberry module used.
Customer base on current
‘Consumption to change RT6264B
To MT6252A or MT6253B

Pin to pin

**12V Richtek
2021 Q3 don't use RT62648
For new design.

LDO RT9081 350mA
1.8V>15v |
LDO RTS078 71.15mA
R
LDO RT9078 105mA
A —~
MT7986B+DDR3
= 2.4G FEM
MT7976 Adie2.4G QFP4216
x2
- TN 5G FEM
14454mA o QFP4526
MT7976D Adie 56 x3
606mA o 360mA*2
— *33v MT7531 | = =
441mA 350mA*3 720mA
900mA 3 =1050mA
5V UsB
867.6mA T770mA

Fig 5-15: MT7986B + MT7976DA+eFEM power plan (example)

5.1.74

MT7986C+MT7976C AX4200 Power Plan (example)

Fig 5-16, the power tree is not for thermal simulation, it is only for DC to DC regulator
selection. The max power consumption calculate for RX and TX at same time, for power
adaptor selection, please refer TX max current. (Note: TX and RX can’t work at same time.)

Power Tree (MT7986C+MT7976C_AX4200)

POWER

Supply
12V adaptor

TX 403mA(
RX 597.9m|

243TX_6Mbps:4844mA
2+3 RX MAX 7174.35mA

w/o intel 2.5G PHY (use other Power Buck)

189.44mA

MT7986

->1.8V

For 2.

392.8mA m

821.6mA 2689mA*, **
—

121.2mA

+#3 651.56mA

Do

-—
| 1.8V->1.5V
RTS078

DO RT3078
1.8V->0.9v

350mA

-

441mA 900mA

71.15mA
105mA
MT7986C+DDR3
1740mA. .
4 Lo Adie 246
33.amA IS
1049.5mA 1.8V ‘
MT7976C Adie 5G
606mA
3.3V MT7531
v use ]

=l

*12V 10 3.3V 4A RFB reserve for
Raspberry module used.
Customer base on current
Consumption to change RT62648
To MT6252A or MT6253B

Pin to pin

**12V Richtek
2021 Q3 don't use RT6264B
For new design

Fig 5-16: MT7986B + MT7976C power plan (example)
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5.1.7.5 MT7986A+MT7976x2+ eFEM AX6000 Power Plan (example)

Fig 5-17 DC to DC power for reference only, DC to DC depend on max current. FEM buck
suggests 5V/5A, if TX power maybe > 26dBm.

Power Tree (MT7986A+MT7976x2+eFEM_AX6000) o

202mA( CPU no Full load’ TX_6Mbps:2435mA
i RX MAX 5767mA— >4694mA
POWER Supply o _————— 12V to 3.3V 4A RFB reserve for

Raspberry module used.

12V adaptor

p AT Customer base on current

- Consumption to change RT62648
7988A |10 MT62524 or MT62538

S0 v 176mA i o
ALt }_ in to pin
33V->1.8V
659mA [3732mA™* 667.35mA
w/o USB = **12V Richtek
677TmA 2021 Q3 info new design

12V (TX+RX) max 3146mA (5O RT5054 SR :
12V TX max 2957mA 18v->12V - don't use RT6264B (part shortage)

1117mA*®, == 276.3mA

Please change to RT6255B or

LDO RT9078 | 140ma Other Buck for cost reduction.
1.8V->0.9V

363.7mA
| 3626.6mA
— — —
MT7986A
363mA
I BE RO 30mA
3.3V>25V — ¥
27.9ma

2.3V/ 3066.7mA for 2 Aide . - 2.4G FEM
914.3mA G BliEes L QFPA205
Lav x
28.8mA BNEET 24dBm
1333.5mA [ 360mA™4
A =1440mA
MT7976 Adie 5G
L= I
F— 3.3V MT7531 ‘
— i
+[5v use. |
1392mA
2840mA** for 24dBmxd+24dBmxd
e of customer don’t care EMIITX EVIVI, dBMX4 3960MA, SUEEEst Buck RT6255

Fig 5-17: MT7986A + MT7976x2+eFEM power plan (example)

5.1.7.6 MT7986A+MT7976C AX4200 Power Plan (example)

Fig 5-18 for DC to DC power regulator design reference only.
Power Tree Plan (MT7986A+MT7976C iPA_AX4200)W/Dm_mWMWW]

202mA( CPU no Full load TX_6Mbps:2435mA
AR RX MAX 4694mA .
L T - 12V to 3.3V 4A RFB reserve for

Raspberry module used.

12v adaptor
Brama 2861mA*, ** I Customer base on current
E > Consumption to change RT6264B
To MT6252A or MT62538
0 DO RT9078 —_

Pin to pin
—
CPU 4-core 2GH, w/o USB 2.3V->1.8V
12V (TX#RX) max 2011mA fr— m 2171mA** 667.35mA
12V TX max 1823mA — - **12V Richtek
TX /RX can’t work at same time N 2021 Q3 info new design
3 —f——————— mo“_"?“‘ 314.15mA don't use RT62648 (part shortage)
Please change to RT62558 or
S, Other Buck for cost reduction.
| 140ma

363.7maA
| 3626.6mA
— MT7986A
363mA
(DO RT3078 T
"

3.3v/ 3066.7mA for 2 Aide

33.2mA 35V
1049.5mA 1.8V
aracms S

MT7976C 243 IPA

606mMA |
— 3.3v MT7531

*[5v Us8| |

CPU CA53 4-core work at 1.6GHz, 1.023V and 0.85V can merge, the current RX max 7168mA, Tx max 4767mA, 0.85V power buck can change to RT6278B
RT6278B schematic, please refer MT7986B/MT7986C HDK

Fig 5-18: MT7986A + MT7976C power plan (example)
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5.1.7.7 MT7986A+MT7976C AX4200 Power Plan (example)

Fig 5-19 MT7986A AX4200 ePA DC to DC power regulator for reference only. FEM TX Power
26~27dBm, suggest change FEM busk to 5V/3A or 4A.

Power Tree Plan (MT7986A+MT7976DA ePA_AX4200

w/o |n’e[ 2.5G PHY (use other Power Buck)

X 202mA{ CPU no Full load

TX_6Mbps:2435mA

Rx A RX MAX 4634mA
s | b sl » Rlzv bi: 3.3v ILA ‘RFE reseone for
i aspberry module used.
P! 332.4mA 1088mA=, ** Eieamy Customer base on current
e Consumption to change RT6264B
To MT62524 or MT62538
S0 176mA
LDORTI078 | ” Pin to pin
CPU 4-core 2GH, wfo USB B LR,
12V (TX#RX) max 2472mA T 2929.75mA®* 667.35mA
12V TX max 2283mA - s ++12V Richtek
TX /RX can't work at same time 2021 Q3 info new desig
gn
. 314.15mA

CPU CA53 4-core work at
1.6GHz, 1.023V and 0.85V
can merge, the current RX
max 7168mA, Tx max
4767mA, 0.85V power buck
can change to RT6278B
RT6278B schematic, please
refer MT7986B/MT7986C
HDK

5.1.8

867.6mA

LDORTS078 | _140mA >
‘ 1.8V->0.9V

== m ‘
— | sy
|
LDO RT3078
3.3V=25V T

LDO RTS094
1.8V->1.2V

3626.6mA

MT7986A

»
363mA
m
= —}

33.2mA
——— >

1445.4mA

3.3V

.8V

don't use RT6264B (part shortage)
Please change to RT62558 or
Other Buck for cost reduction.

24GFEM
QFP4216
SG FEM

QFpas26
MT7976DA 2d

BO6mMA
—— "‘ 3.3V

MT7531 ‘

1770mA*=

— 5

5V

360mA*2

3501 =720mA

=10t GmA

Fig 5-19: MT7986A + MT7976DA power plan (example)

MT7986B/C Core powers

This section simply describes RT6278. For detail layout notice, please refer to RT6278

datasheet.

0.85V worst case is 8.24A for MT7986B, and 7.17A for MT7986C, the IR drop need <6%, to

MT7986

prevent IR drop, please use feetback signal from MT7986B/C Cap side.
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GHD

R 100K
0.85V/B8A v
usp
2700 ;
i PGOOD |- For MT7920E 8.24A
3 ¥ 0 10
H
o

e L S G N Richtek suggest 0.&6uH, audio Noise?.. = 00 coR
j’jﬁm 0.85V 0.68uH SBthm—‘ T
Ra3z1 |
TWOT_CORE T

7T
T e e V“D-mi i l 56 orm
CO8T 0: (=11} CHOGD Cos1
Ré3E5 OF BRI, rsua| cooet
j—«/\/ém,ﬂsﬂ R E S Tzzﬂ:zz F IZM Im In.mr
035K ] 0.uF
s ong oo

zzzzz
R2 < 3%

Add 22uF/0805/6.3%/E5R %2

GND . GND

\H»

Vout=0.6(1+R1/R2)

2
H
El

Fig 5-20: RT6278 FB pin

MT7986B+MT7975x2 RC delay for your reference in Table 5-2 (Please check datasheet for
Power on sequence design)

Type PN Input Output Current(mA) Enable pin RC delay Delay time

BUCK RT6252/2A 12 5 900 12v X

BUCK RT6264/4A 12 3.3 3862 12v X

BUCK RT6278B 12 0.85 8238 12v R/C=100K/9.1K/0.1uF 1ms

BUCK RT6264/2A 12 1.8 2069 12v R/C=100K/20K/0.22uF 2.7ms

LDO RT9078N-08(ad;].) 1.8 0.9 120 1.8V R/C=68K/91K/100nF 3.13ms

LDO RT9078-12GJ5/GQZ 1.8 1.2 70 1.8V R/C=68K/91K/100nF 3.13ms

LDO RT9078-18GJ5/GQZ 3.3 1.8VA 180 1.8V R/C=68K/91K/100nF 3.5ms
LDO-DDR3 RT9081 (500mA) 1.8 1.5 350 1.8V R/C=68K/91K/150nF 8ms

Table 5-2 : MT7986B+MT7975 RC delay

5.1.9 MT7986A DVDD_CORE (0.85V) and DVDD_PROC_L (1.023V) powers

MT7986B/C CPU and WiFi Core use the same voltage 0.85V(Substrate tie together), but
MT7986A separate two voltage for WIFI core power(DVDD_CORE) 0.85V/4.69A and ARM
CA53 CPU Core power volate(DVDD_PROC_L) 1.023V/3.63A.

5.1.10 Power on sequence

5.1.10.1 MT7986B/C power on sequence

Fig 5-19: it calculate delay time by RC (Table 5-2). The timing is only for reference, the power
on sequence MUST follow datasheet to design.

LDO 1.5V must delay at least 3ms than 1.8V (LDO 1.8V), if 1.5V only delay 0~3 ms than
LDO 1.8V, MUST wire AVDD18_POR to Buck 1.8V. AVDD18_POR can connect to Buck 1.8V.
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uz/i0fadie/LDO¥1

BUCK ¢ i
Ddie Vcore
BUCK 1.8\ P
AFE/DDR/EFUSE/PLL/I0/Adie/LDO
LDO 0.9V T
QRHY ([SGEMIIPCIE/U)
LDO 1.2V T4
AFE/U2/CKSO
LDO 1.8V =
POR/QPHY /U2/CHSQ i
LDO 1.5V 5 v/
POR/DDRPHY/ i : i
I — > —
SYSRSTE i
Symbol Description Min Max unit
T1 BUCK_3.3V to BUCK_0.85V 05 5 ms
T2 BUCK_0.85V to BUCK_1.8Y 05 5 ms,
T3 BUCK_1.8V to LDO_0.8V 2 6 ms
T4 BUCK_1.8V 1o LDO 1.2V ) 6 me
T5 BUCK_1.8V to LDO_1.8V 2 6 ms
T6 LDO_1.8V1oLDO_1.5V 3 g ms
T7 BUCK_3.3V to SYSRSTB release 35 - me

Fig 5-21: MT7986B/C power on sequence

5.1.10.2 MT7986A w/DDR4 power on sequence

Fig 5-20: RFB calculate delay time by RC. The timing is only for reference, the power on
sequence MUST follow datasheet to design.

LDO 1.2V must delay at least 3ms than 1.8V (LDO 1.8V), if 1.2V only delay 0~3 ms than
LDO 1.8V, MUST wire AVDD18_POR to Buck 1.8V. AVDD18_POR can connect to Buck 1.8V.
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U2/10/Adie/LDO*1

A
I

LI

Ddie Vcore

18

CPU power

A
v

12

AFE/DDR/EFUSE/PLL/10/Adie/LDO
LDO 0.9V T3
QPHY (SGMII/PCIE/U3)
LDO 1.8V T5
POR/QPHY/U2/CK5Q
LDO 1.2V T4
AFE/U2/CKSQ/POR
LDO 2.5V T6
Discrete DDR4 chip

SYSRSTB 17

A
v

A
v

Description )
Tl BUCK_3.3V to BUCK_0.85V 0.5 5 ms
T2 BUCK_0.85V to BUCK_1.8V 0.5 5 ms
T8 BUCK_0.85V to BUCK_1.023V 0.5 5 ms
T3 BUCK_1.8V to LDO_0.9V 2 6 ms
T4 LDO_1.8V to LDO_1.2V 3 8 ms
TS BUCK_1.8Vto LDO_1.8V 2 6 ms
T6 BUCK_1.8V to LDO_2.5V 2 6 ms
T7 BUCK 3.3V to SYSRSTB release 35 - ms

Fig 5-22: MT7986A power on sequence

5.1.10.3 MT7986A w/DDR3 power on sequence

MT7986Aw/ DDR3 power on sequence can check MT7986B when CPU work at
1.6G(DVDD_PROC 0.85V).

If CPU work at 2.0G, DVDD_PROC_L MUST be 1.023V. 1.023V power on sequence timing,
please refer 5.1.10.2 T8 timing.

5.1.11 Reset

Fig 5-23: Reset circuit For MT7986 SYSRSTB, Pin V16 (RSTB) is output signal to reset A-die.
TESTMODE should be Low for normal mode.

MT7531 and 2.5G PHY reset control by software, use GPIO 0 and GPIOL1. It doesn’t need to
meet power on reset timing.
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TH4142/NI

Reset
Circuit

20KR

SYSRETH

SHETSRETE <145

SWSRETE

FEIL_plE Y
SPI0_M0S]
SPI0_CLE
SPI0_wP

SPH_CS5

—___ PN _WOST NS |
—__SPM_CLE__WH |

SPI_C3
SR MISD
SR MO
SPINTCLE

Sl

[RCT

=
o~

5.1.12

Ball name

<4 TuF 402G RI2EN

Func.0

TESTMODE MIUET Tie

Fig 5-23:

HDK GPIO definition

Func.1

TPS3

o JSTS MATCHOOG T2

SWSRETE

to GHND

MNE

i

BSTE reset 4 die

R:TH

TESTMODE

16

BG_O0T

RETH

e AT

T

Reset circuit

Bootstrap

RFB GPIO definition

SPI0_HOLD

~ MT7986 HW Application Note

SWS_MATCHDOG |

2x13

Raspberry

SYS_WATCHDOG | B:GPIOO | O:SYS_WATCHDOG 2x13 pin 15
WF2G_LED B:GPIO1 | O:WF2G_LED WF2G LED low active
WF5G_LED B:GPIO2 | O:WF5G_LED WF2G LED low active
12C_SCL B:GPIO3 | B:I2C_SCL EVB 12C EEPROM 2x13 pin 5
12C_SDA B:GPIO4 | B:I2C_SDA EVB 12C EEPROM 2x13 pin 3
GPIO_0 B:GPIO5 | B:PCIE_PHY_I2C_SCL | {GPIO_1,GPIO_0} | GbE_RESET
00: SPIM-NOR
(SP12)
01: SPIM-NAND
(SPI2)
10: eMMC
(PWM.SPI0/1)
11: Reserve
GPIO_1 B:GPIO6 | B:PCIE_PHY_I2C_SDA | {GPIO_1,GPIO_0} | 2.5G PHY Reset
GPIO_2 B:GPIO7 | O:DRV_VBUS 2x13 pin 13
GPIO_3 B:GPIO8 | O:DRV_VBUS_1P 0: 2 A-Die/1 Adie 2x13 pin 11
SB
1: reserve
GPIO_4 B:GPIO9 | B:PCIE_CLK_REQ RST_PBC
GPIO_5 B:GPIO10 | I:PCIE_WAKE_N WPS_PBC
GPIO_6 B:GPIO11 | O:JTAG_JTDO JTAG_JTDO
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GPIO_7 B:GPIO12 | IIJTAG_JTDI JTAG_JTDI

GPIO_8 B:GPIO13 | B:JTAG_JTMS JTAG_JTMS

GPIO_9 B:GPIO14 | IIJTAG_JTCLK I1JTAG_JTCLK

GPIO_10 B:GPIO15 | IlJTAG_JTRST_N I:JTAG_JTRST_N

GPIO_11 B:GPIO16 | O:WO0_JTAG_JTDO 0:WO00_JTAG_JTDO

GPIO_12 B:GPIO17 | I:'WOO_JTAG_JTDI I:WOO0_JTAG_JTDI

GPIO_13 B:GPIO18 | B:WOO_JTAG_JTMS B:WOO0_JTAG_JTMS

GPIO_14 B:GPIO19 | :'WOO_JTAG_JTCLK I:WOO0_JTAG_JTCLK

GPIO_15 B:GPI0O20 | I:'WOO_JTAG_JTRST_N I:WOO_JTAG_JTRST_N

PWMO B:GPI021 | O:PWMO A die Config PWM LED 2x13 pin 26

0: MT7975
1:MT7976

PWM1 B:GPI022 | O:PWM1 WPS LED low active/ 2x13 pin 7
emmc_rstb

SPI0_CLK B:GPIO23 | SNFI_CLK SPI NAND/ 2x13 pin 10
eMMC_DATO

SP10_MOSI B:GPI024 | SNFI_MOSI SPI NAND/ 2x13 pin 8
eMMC_DAT1

SPI0_MISO B:GPIO25 | SNFI_MISO SPI NAND/ 2x13 pin 18
eMMC_DAT2

SPI0_CS B:GPIO26 | SNFI_CS SPI NAND/ 2x13 pin 16
eMMC_DAT3

SPI0_HOLD B:GPIO27 | SNFI_HOLD SPI NAND/ 2x13 pin 12
eMMC_DAT4

SPI0O_WP B:GPIO28 | SNFI_WP SPI NAND/ 2x13 pin 22
eMMC_DAT5

SPI1_CLK B:GPIO29 | SPIC_CLK eMMC_DAT6 2x13 pin 23

SPI1_MOSI B:GPIO30 | SPIC_MOSI eMMC_DAT7 2x13 pin 19

SPI1_MISO B:GPIO31 | SPIC_MISO eMMC_CMD 2x13 pin 21

SPI1_CS B:GPIO32 | SPIC_CS eMMC_CLK 2x13 pin 24

SPI12_CLK B:GPIO33 | SPIO_CLK SPI'NOR and SPI
Flash(ECC Free)

SP12_MOSI B:GPIO34 | SPIO_MOSI SPI'NOR and SPI
Flash(ECC Free)

SPI12_MISO B:GPIO35 | SPIO_MISO SPI NOR and SPI
Flash(ECC Free)

SPI12_CS B:GPIO36 | SPIO_CS SPI NOR and SPI
Flash(ECC Free)

SPI12_HOLD B:GPIO37 | SPIO_HOLD SPI NOR and SPI
Flash(ECC Free)

SPI12_WP B:GPIO38 | SPIO_WP SPI'NOR and SPI
Flash(ECC Free)
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UARTO_RXD B:GPIO39 | I:UARTO_RXD UARTO_TX
UARTO_TXD B:GPIO40 | O:UARTO_TXD 2" A die UARTO_TX

0 : XTAL mode

1: Buffer mode
MT7531_INT B:GPIO66 | I:MT7531_INT MT7531_INT
SMI_MDC B:GPIO67 | O:SMI_MDC SMI_MDC
SMI_MDIO B:GPIO68 | B:SMI_MDIO SMI_SDIO

Table 5-3 : MT7986B RFB GPIO definition

5.1.13 12C

12C need pull high, SCL up to 400 KHz

5.1.14 SPI

SPIO for SCK up to 52 MHz, SPI2 for SPIM-NAND or SPIM-NOR, SCK up to 52 MHz, SPI1
support SCK up to 13MHz.

SPI2 default image will work at single or quad mode at different situation.

Please keep HOLD#, WP# pull high.

If you have boot up issue, Schematic and Sl is okay, please contact software Engineer to use
RFB default image to check first.

SPI2 to SPIM-NOR/SPIM-NAND Flash

SPI Nor/NAND Flash

33D 3.3VD 3.3VD 3.3WD
a o o] (]

keep layout trace Short’:}.S\-’D

ot
SPI2_CS_MNAND
e 1 8
SPEeMis—————————3 | CS# VT 5Pt =)

5 G
8 i c
cs# Ve SPWwe——5| SO/SIO1 HOLDE [g—SPrCEr
SOfSI01 HOLD® ——————————{WPe  SCLK [-—setfiost———
T WP#  SCLK S GND  SWSI00 F——————
Simion 2
[ |GND  SUSiOD S

= L | SPIM-NOR SOP-8 = MXI5LF 1GEAAB
MXZ5L125456M21-08G

R153
ATKNI (o

for ECC Free

5.1.15 SMI (MDC/MDIO)

Support up to 25 MHz, Normally, SDK set MDC CLK at 3.125 MHz(IC default). CPU register
15110000 can read default value 45000504
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29:24  PHY_MDC_CFG PHY MDC clock configuration
Used to configure the divider N for MDC clock frequency. MDC clock is
sourced from 12.5MHz system clock and divided by N.
[note] MDC clock is gated or disabled when PHY _MDC_CFG is set to 0.

23:21 RESVO Reserved

20  MDC TURBO MDC clock Turbe mode

When this bit is set, MDC clock is sourced from 25MHz system clock and
divided by PHY_MDC_CFG.

5.1.16 PCM

MT7986A just support PCM+SPI or PCM+I2C interface for SLIC (Subscriber Line Interface
Circuit ) VOIP FXS port.

5.1.17 SD CARD

Boot mode: 11, Reserve boot from SNFI-NAND and SDCARD for special customer can used
this design only, below connect verify by MT7986B.

Ball name Func.0 SD CARD
SPIO_CLK B:GP1023 SD_DATO
SPIO_MOSI B:GP1024 SD_DAT1
SPIO_MISO B:GP1025 SD_DAT2
SPIO_CS B:GPIO26 SD_DAT3
SPI1_MISO B:GPI031 SD_CMD
SPI1_CS B:GPIO32 SD_CLK

Table 5-4 : MT7986B/C SD CARD pin mux

s3I 2.0
e
RiTd 2 RIT4, RIT5. RITB,; RITT
10K 2 10K > 10K > 10K > 10K SEB
o o o =| 5 s i
- -
! T | co 5o oo
T ==L PP B0 WE
4 A, Li] 5.
o 5D _CLK @ ) "—'~|3._"‘LK VaS ] T
i RAED R e B MT7986A no CD/WE
SV SMD-E % ca13 END] enmz
S ERISMDVDHN-DEF--T o

4/12 Add R180 Qampping :l_NI
TSDCN-BO-1X14-5D Card Slot _ |
= SD Card Slot ==

Fig 5-24: SD CARD schematic

5.1.18 ZigBee/BT coexist

Only MT7986A support PTA (3 wire coexist), please use below IO for co-exist, these 3-wire
pin can’t be swapped to other GPIO.
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MT7986A pin name GPIO PTA/Coexist 3-Wire 10 3" Party signal name
SPI1_CLK B:GPIO29 I1:UART1_RXD

SPI1_MOSI B:GPI030 O:UART1_TXD

UART1_RXD B:GPI1042 I1:UART_PTA_RXD

UART1_TXD B:GPI1043 O:UART_PTA_TXD

UART1_CTS B:GPI044 BO:EXT_IFO_O (zb/bt act) REQ(Request)
UART1_RTS B:GPI045 BO:EXT_IFO_1 (priority) PRI (Priority)
UART2_RXD B:GPI046 BO:EXT_IFO_2 (Wifi Act) GNT(Grant)
UART2_TXD B:GPI1047 BO:EXT_IF1_0 (zb/bt act) REQ(Request)
UART2_CTS B:GP1048 BO:EXT_IF1_1 (priority) PRI (Priority)
UART2_RTS B:GPI049 BO:EXT_IF1_2 (Wifi Act) GNT(Grant)

Table 5-5 : MT7986A ZB/BT coexist pin

5.1.19 Strapping option

MT7986 offer option of boot from SPIM (SP12)_NOR/ SPIM(SP12) _NAND/ eMMC. SPIM-
NAND ECC control by Flash (Flash ECC or ECC Free). SYS_WATCHDOG is bootstrap for
MT7986A only, MT7986B/C don't care.

If MT7986A change DVDD_PROC_L to 0.85V, it will not support external watch dog reset.
GPIO_0is GSW reset signal, when bootstrap is low, the Giga switch will keep inactive.
GPIO_1is 2.5G PHY reset signal, when bootstrap is low, the 2.5G PHY will keep inactive
UART_TXO is bootstrap pin, some of UART console RX signal with other circuit will effect
bootstrap, and example UART_RX add LED. Please don't use this kind of USB UART console.
Please note, MT7975 doesn’t not support 2" A die Xtal buffer mode. PWMO must pull high
for 40MHz mode. GPIO_3 setting for AX7800 or AX4200 one A die design, if use one A die,
AFEO_XIN_WBG and AFE1_XIN_WBG must wire together.

Pin Name Strapping Name Description
0 :SPIM-NOR
1 :SPIM-NAND (HDK default)
{GPIO_1, GPIO_0} Boot Mode 10 : EMMC

11 : Reserve(SNFI NAND—SD CARD)
0: Two A-Die, or one A die single band(AX7800)

GPIO_3 A-Die Mode 1: One A die Dual band (AX4200)

4 . d | 0 : XTAL mode (iPA used MT7975 Must)
UARTO_TXD Second A-Die XTAL mode select 1 : Buffer mode (Be Care EEPROM bin setting)
PWMO A-Die Crystal 1:40MHz XTAL

For MT798A only
MT7986B/C don't care (Don’t care)

Table 5-6 : MT7986 strapping option

SYS_WATCHDOG CPU 1.023V/0.85V select
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5.1.20 JTAG

GPIO_6~15 share w/ JTAG mode, GPIO6~10 internal pull up. GPI011~15 internal pull down.
GPIO_6, GPIO_11 default is output low.
GPIO_6is internal Pull UP, but default is output low, the behavior will be low when boot up.

Pin Pin MUX Pin MUX Type
GPIO_6 B:GPIO11 OL:JTAG_JTDO Internal PU
GPIO_7 B:GP1012 11:JTAG_JTDI Internal PU
GPIO_8 B:GPIO13 B1:JTAG_JTMS Internal PU
GPIO_9 B:GPIO14 11:JTAG_JTCLK Internal PU
GPIO_10 B:GPIO15 10:JTAG_JTRST_N Internal PU
GPIO_11 B:GPI1016 OL:WOO0_JTAG_JTDO Internal PD
GPIO_12 B:GPIO17 11:WO0_JTAG_JTDI Internal PD
GPIO_13 B:GP1018 B1:WO0_JTAG_JTMS Internal PD
GPIO_14 B:GPI1019 11:WO0_JTAG_JTCLK Internal PD
GPIO_15 B:GPI020 10:WO0_JTAG_JTRST_N Internal PD

default- JTAG_CAS3 deaiies | L omhR ey

sw confiig for WMO swoonfiig for WMl/wWol
saw as

Fig 5-25: MT7986 JTAG

5.1.21 eFuse

MT7986 eFuse voltage pin name is VQPS, it should wire to 1.8V with cap 1uF+0.1uF for
secure boot feature to write eFuse, if product don't need secure boot feature, Tie VQPS to
GND is okay.
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ks
7531_INT [ong L MT7531 INT
WIPS
HEIIZHB2
18VD o hir

HNCAAAD LT Ml L il:mﬁﬁ [ C1056

2 1

1uF

2
=

1uF

L]

A

Fig 5-26: MT7986 effuse voltage

5.1.22 TSAUX

MT7986 TSAUS is thermal sensor schematic, the voltage is 1.8V. MT7986/MT7975 have
internal thermal sensor too. We didn’t use AUXIN1/2/3 to wire thermistor. RFB wire to GND
directly. If GND via make power plane not well, keep NC (floating), MD is for TSAUX FT
calibration mode, for Normal work, MUST wire to 1.8V.

< 85 degree C, the thermal tolerance around 5%,
> 85 degree C, the tolerance around 7~8%.

604 L aum
e uz [1] ML mwire to AVDD1S
ALIND “\,‘f 1 AUNINO-2 un-used floating or tie to CGHD
A A
REFP e FEFF Il i H 2 “l PAD REFP =ensitivity pin, away noise pin

Fig 5-27: TSAUS un-use NC or Tie to GND

5.1.23 OSC

MT7986 reserve 40MHz OSC for D die only Application (No WIFI). Please use 150/100 ohm
resistor to divide voltage to 1.6V, MT7986 is co-clock design, MT7975/MT7976 provide Osc
source for MT7986. If only one A die or no any A die design, please must wire
AFEO_XIN_WBG and AFE1_XIN_WBG (refer Fig 5-30) together, prevent software code to
access D die Wi-Fi register to cause system unstable.
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L
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L

|
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I
m
-

i
5
[n]
h=]

A die MITS7T6 or HMITATS)
[ s cen , U010 )
SRS N Siias e oscouT GND F————
R90B4 R / 150 / ehm / 0201 RO201 v
GND

2D

VCC VCONTROL
NIYSCO-HERS OSCE1_40MHz
SX-23235

C20as
C ./ 10/ nF J 0201

CO207

(7]
=
L]

4

A RE003

2

R 70/ ohm /0402 § NG
402

Fig 5-28: OSC 40MHZ
5.1.24 CKaQ voltage

MT7986 AVDD18CKQ wire to AVDD18 with 1uF cap, AVDD12_CKQ wire to AVDD12 with
1uF+0.1uF cap.

5.1.25 PLL voltage
PLLGP_TP/PLLGP_TN is differential pair, not in used, Please keep floating.
AVSS18_AP o I 1.8VD
U4 B 20mA Cf

AVDD18_PLLGP

0 0.22uF
o e

AVES18_PLLGP GND Wire to C74 first

AVSS18_PLLGP ]

PLLGP_TP gz

PLLGP TB/TN Open-Drain output pin, not used Floating
PLLGP_TN X -

Fig 5-29: PLLGP_TP/TN

5.1.26 AFE

5.1.26.1  Control signal

MT7986C AX4200 control signal is different for2.4G and 5G. They use WFO_HBO_B, and
WFO0_HBO0~10 to MT7976C, WFO_HBO_B is 5G A die control signal clock. WFO_HBO is 2.4G
control signal clock. The CLK must add RC OR/4.7pF to reduce interference for Wi-Fi 2.4G.
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T Qs qltmg v

i
F20 pvooigic

AFE1/WF1l 56
Close to o856

AFEQ/WFO 2.4G g

MT7976C WFO
MT7976C WF1

MT7976C WF2

DVDDBIO_WF |

AFEI_ADDIZ WEG

MT7976C WF3

MT7976C WF4

[1X4200 Unused keep NC

AX4200 Unused keep NC

RF Consys

& check bootstrap to change BOM

Fig 5-30: MT7986C AX4200 WRI

5.1.26.2 Control signal Clock

The control signal with clock, it should reserve a RC filter close to MT7986 to prevent
interference AlQ signal. Suggest RC use 0 ohm, 4.7pF

WF1_HBO REITE D-ohm

ROZ01 WFT_HE
cau82
10pF/NI

oo RE0T2 Q-ohiWVF3_HED

T
T WF1_HE4 e e
WF1_HBS

CBD55

WF1_TOP CIK' RoniT D-chm AS |
L TR TATE—ATa WE1_TOP_CLK
ik S e A WFiTTORTDATA

CcEos WF1 %0 REQ D10
mpi__:m L WF1_X0_REQ

i WF1_DIS_RESETS RSOT1 DohiWVFD_TOF CIX
WF1_CBA_RESETE 0201

=

Fig 5-31: WRI/SPI CLK reserve RC

5.1.26.3 AFE power Cap

Per power ball need own two caps 1uF+0.1uF. USB2.0 use the same power source with AFE
1.2V (AVDD12), please reserve 0 ohm resistor to prevent noise.
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SFEL_AVIDLS_UBG §0n, Mhast. i D LaP*L4luF=1 AFE0_AUDNLE_WEG Shnd, Bose wf ) LuP*LeluFl
HEAMMDAJAML  SrEn SIS NG 50w, thase oyt 0 LaPsledar =] AFEI AV B $1nd, Bose f ) LuF*LHTuF2l
R1
1.8v0 J R275 1 2 NCAMOSLLAIL Az
A Ry 1 2 : : J F
. R27T 1 2 NEMMODILLAIL |
HEAMD/LT ML
| ez Tfca el ez ~|csnt —|coor |caez —|caaz
al TF ouF :r\uF :EWF e WF oy u.|u§T\uF :Emr MAX cw
—a H_ — EVH chi
= = g & g & = = 1avm
B = =| i)
= o = . Rzanl 2 NCMMAD AL 33T
al & &l & J
-l gl g g o DVOD1ZI0_WIF 1 Rezei ! 2 NCAMDAL ML
- £
2 o R e e
] al o al = [
= = ~|osss  |cssd |
:E we 2| % % 2 4 = :Equ T o A
2 § § i o [ TuF o | NI 145 H
AFEL/WFL 5G 2 3
Close tao MT7986 a| =2k| 5 wl skl o —
s 2 wi| & | of| o AFEQ/UFO 2.4G ™
A5 i
—EW————sm AFELwR N T 82 2 2 22 2 Ao o —mEom
—AFET IO BT AFEI W IR E £ S, AFELWFOIP 7 — RO
—EFETIOR RTE ] AFEITWRION =l & &5 o AFE WD ON [oT——wErwRoR
— e AFETWFO_OP = Z E5 &  AFELWFIOP T ————
818 a )
AFE1_WVFT_IN R 5% g % gg S smwrm AFED_WFT_IN
—AFEIWRTON ————TI|AFEIWRIDR & 0 o S B AFECWRIIR R g
—AFETWFTOF B | AFETWFITON e 2 23 AFED TR TN [ — e e
e #FEITWFI_OP % ¥ % &% AFEI_WWFI_QF [~

Fig 5-32: AFE power Cap

5.1.26.4 AFE AlQ CLOAD and trace control

AlQ CLOAD signal MUST between 3.6~7pF, don't need impedance control, 5G/6G need to
reserve Cap, Close MT7975 or MT7976x. For RF performance, we suggest routing AlQ at
layer 3.

Fig 5-33: AFE power Cap

5.1.26.5 PAD_DIG_RESETB

For AX6000 iPA design use MT7975, MT7986 WFO/1_DIG_RESETB must floating,
PAD_DIG_RESETB at MT7975 must pull high to 1.8V and Reserve HB9/HB10 for DIG reset.
For AX4200, and AX6000 ePA design, let MT7986x, WFx_DIG_RESETB wire to MT7976x
directly.
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Fﬂm iE)
e e
Isclated power branch LT WFD-TOFI

15

AVDD18_WFO_AFE_5GO AVDDI18 WFD AFE
AVDD18 WF0 TRX_5GC 16 avoo1s wep TAX
17
1BVD_5G AVDD1& BT 5G © AVDD18_BT
il 181 oo BT RF 10
I 19
AAdE i GNOD
4.TK-ghm 20
L4 AVDD33 BT 56 © AVDD33 BT

PAD CBA _RESETB 5G21

PAD_CBA_RESETB

NUD 22
AFE1 DIG RESETEN— i AR PAD_DIG_RESETB

TPS0 PAD X0 REQ 50 23 PAD XO AEQ

p P
ps i A0 SLP CLK 5G 24 | PAD.SLP CLK

trace widch 8/4/8mil rIl 5

<=

ERsssssEeE R Y R s T s L L SABEAS BRSSP EE Sy
AVDD18_WF0_AFE 2GC L1 Jp——
AVDD18_WFD_TRX_2G0- 16 | AvOD1E WFO_TRX
17
e AVDD1B_BT 26 © AVDD18 BT
1| 18 | pag BT RFIG
| ).
AGA36 : GND
foKahm  AVDDS3 BT 26 © 20| avooss g1

PAD_CBA RESETE 2G 21

PAD _CBA_RESETB

4 AFED_DIG RESETED— o200 G 0y 22| pAD_DIG_RESETE
TPt PAD X0 REQ 20 . PAD X0 _REQ
P 1 PAD SLP CLE 26 24 PAD_SLP CLK
25 GND

.||

15 | N1 F
.HFEB;?”E.“M. S T
PR p— Lan e o~ - R e

H2

"‘E":l‘ WFT_HBO_B RF Consys WFD_ HBO B
B WF!_MBJ WFD_HBO
WFT H E11-| WF1_HB1 WY HBY o T
VT AEy 1| W1 _HB2 WEG_HB2 s FD HES
W HEL g1z | WF1_Hed WFG_HB3 T
WET_HES 2| WET WFO e
T RE Eii | WF1_HEs WFO_HBE [ it s
W H | WRI_HET WFO_HBT |-E T
e ' "HBS [ — E0_DIG_RESETE <@»
WFO_HBS | DI
w WE1_TOP. CLK WEg B0 |- ; E1_DIG RESETE <8»
- WF1 TOP DATA
W1 %O _REQ L1
“piG WF0_TOP_GLK [ ey TP BATA
WF1_cha RESERE™ g | WFILDIG_RESETB WED TOP DATA =0
S} WED N0 REQ B
Im_m..nessm ‘Ri-‘*"*dmm ----------------
AFED_XIN_WBG B4, AFEO_NIN WEBG
AFEL_XIN WBG gl K AFE1 XIN_WBG
AFEL ANV =g AFET XN W
H
“:—.— ;-II-Il!lIlI-IlilOl!llll'!!llll!l'llll!lil

Fig 5-34: MT7975 PAD_DIG_RESETB

5.1.26.6 MT7976x iPA, ePA PA PWR is different

AX4200 iPA design use MT7976C, AX4200 ePA use MT7976DA, AX6000 ePA use
MT7976G/A, iPA PA power pin wire to 3.3V, for ePA A die PA power pin wire to 1.8V
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33V_RF_A
Co—layout At
nectilon
A RAT1D MI/0-ohm 1 | R | ; e
Lot i i SAVDDAE WD FA A 55
RASDET .
T 1 5
g T VDDIE WF1T_FA A 56
——NII10uF
ROGI3 CO402 Star 1BV _RF_A
__T-Cl"." Comnaction o
Co—-layout
RALOT Nibohm [ | Er——— | i
s i i SAVDDIE WFZ FA_A 56 A% :
RARDEZ h '
. L sAVDDY 5
A i it WDDAE WF3_FA A 53
——NIM0uF
RO&03 Cp402
| v T
) [l
Fig 5-35: MT7976G/A/DA for ePA
1.3V RF.G

Star
Connection

O-ghm lace Width >0 Tmm

] AVDD33_WFD_PA_DB
CD5807 face Width >0.7mm .~ svpoas wret PA DE
MI10uF )

T cosz

T

Close to branch podnt
I ] RO110
]
CD10018 CO10020
ZIuF NIA10uF
“Tcoess T cosoz

JT:?W J?;T{N

) RDE0SS, Dotm Trace Width >0 2mm ;

Sl AVDD33_WFO_TX_GA_DE

RDE06) O-phm i .
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Erar
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Trace Width >0.7mm o ayDD23_WF2Z PA DB
Trace Width =0.7 Y
Chsaoe L AyDD3Z_ WF3_PA DE
1/ 10uF] Trace Width >0.7
RE13 o T cosz Mo AVDD23_WF4 FA_DE
SEi0 ohm o
== Stac
Connectior
F{Ei‘.-ﬂ ectior ;
Tra-e WidEh >0 Jmm CANDD33 WFZ_FAD_A
SB/D ohm 2
Tr=~e WidEh >0 3mm CAVDDA3 WF2_FAD_A
Trace WidEh >0 Jmm CAVDDA3 WF4_FAD_A
3.IV_RF_A Close to branchl point
T to AVDD WF3 TORISG
2 S # L) { i g
f RO, o~ L8hm  Trace Width >0 2mm o ayDD33 WF3_TX_GA_DS
A =l RDED5 O-ghim Trace Width >0 Zmm ST :
CD54TS lwmsa:- CD5812 ST Lol E AR S L P 8 E
—|—22uF —|—22|.:F NI H0uF
COE03 COG03 CO402 | RDSDS O-ohim Trace Width >0.2mm 5 . -
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_ili% ROE0S 10-chm i
= = = RMMM—N AvDD32_X0_DE
Fig 5-36: MT7976C for iPA
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5.1.27 MT7975 WIFI circuit matching
1. Re el
Chip-out matching / LPF Chip-out matching / LPF
e r b B, Peatcheck  Shoss to WETSTE T % T I
- e T, H o oy i v
.......... s T S T P N e Ll Vo gae 14 ri." Psat chock
| P Teml il PO, P A o tl— . | e I o (R
g a1 L e T 'E“;: T-::.: 1T 1 7= T+ e I
a4 i - a1 de
N el e -
L2 . [paxmatching / LPE | T hing / LP
wu_z-:_t.n:.m‘:m fut Circuit  F-Harmoniccheck Lo oo ipaim .,,', ok O 3 Harrnanie check
i
3 1
1 +
A Reserve a BPF
Reserve a LC for 2G

Matching tips:

1. Connector matching

2. Psat and Performance check
3. Harmonic check

MT7976A(5G), MT7976DA(one A die), MT7976C(one A die) pin 77 mustNC

Co-layout

ANTSEL_10 | e SOLNA EN A4 [t
a7
ANTSEL_&
]
ANTSEL_& 3
8 S ik
ANTSEL_T 9)PA_EN_AZ - [13]
2]
ANTSEL & IHNA_EN_AZ [t
ANTSEL & 1 TREW N A SPTREW-N_A {13
2 =
GND
2 81 Hh AVDD33_X0_DB
o 20 ] i
2 [ | .
AVDDIXO o
73 D8
X0IN BRI, . -Gobm %0_IN
T8 ¥o NS DB )
X0 INE

X0_BUF_IN
X0-COCLK

us
TAI—SA‘N 4 TZM&!D£3225{4OM.’ 10pF

ust
BT, 1230953:‘3225 40.000M

xo N D8 T
©
2 .jxo INg_D8

=

CD2408
NID.EpF
o020t

AFEL WE1_IP s
z i 66
- N
H . 1
P
L im
| 1w
a7
?) M

5.1.29

AFEO/1 and Serdes Interface un-used
AFE unused

AIQ/WRI: NC

Keep AFE power source pins connected
AFEx_AVDD12_WBG

AFEx_AVDD18 WBG1

AFEx_AVDD18 WBG2

DVDD18I0_WF

MT7986
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Serdes (PCle/SGMII/USB3.0/USB2.0) Un-used

PWR/GND : GND
RX signal: GND,
TX signal :NC (floating).

MT7986 HW Application Note

U3_AvDDOS_SSUSB

MTT986REEB

MT7986

MediaTek proprietary and confidential

Example,
C16  0.1uFX7R
SGMILTX P 1 uic
_‘——”n XN |—| G0_SSUSB TXP P25 W23 U3 SSUSB TXP
T SGO_SSUSB TXP LI3_SSUSH TXP s Hr BB T ———
T17 IO 1ur e G0_SSUSE_TXN Z} W24 U3 _S5USE_TXN
D51 o 52 SGO_SSUSE_TXN UB_SSUSE_TXN [ymaT3Re8EFF——
T SSURE X 55| SG0_SsUsE_RAxXP U3_SSUSE_RXP
SGO_SSUSE_RXN UB_SSUSB_RXN
ot 23 | 560 AvoDOg sSUSB
— i " SGO_AVDD1B_SSUSB ABZE U2 1 USB DP
HE ji:soasjfm U2_1_USB DP ~apseiz 1 Us6 oM
~|ces ~|ces G1_SSUSB TXP 126 U2_1_USB DM
e I W | 0tuF G1_SSUSE_TXN T Bt smmn Tep w20
o olliers 2 of 0 S 55150 R U5e] SG1_SSUSE TXN L2 1_AVDD1B_USB [pis TR,
R —_— ST EITEEERN Jo| SG1 SSUS3 RXP U2 1_AVDD33 USE [~y
7 7 — SG1_SSUSB RXN Uz_1_AVDD12_US8
o] N2z
Aebete o3 | SGLAVDD0S Ssusa
STvOTTE
*x—L1 pciE ckn U3 AVDD1S SSUSE |oal
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HI- PCIE LNo_RXN U2_D_USB DP ﬁ%’(
15| PCIE_LNO_RXP U2 0_USB DM
= X1 PCIE_LNO_TXN Va1
*—=1 PCIE_LNO_TXP U2_0_AVDD1B_USB |55
B LZ_0_AVDD33_USB |-y ]
57| POIE_LN1_AXN UZ_0_AVDD12_US8 b
5 TR 3 PCIE_LN1_RXP
Unused SGMII/UZ2/U3/PCle x—mf PCIE_LN1_TXN
POWER/GND pin Tie to GND| FM; FOIE LN xR
Input: GND 4| AVDD0S_PCIE
S AVDDOS_PCIE
Put: NC N3 | avDD18_PCIE PCIE_PERESET_N |2 E_PRESENT
WT7385A
- o
SGMI_TX_P
SGO_SSUSB_TXP P2 < w20 SGO_SSUSE]
SGOTSSUSETXN Fo1| SGO_SSUSB_TXP U3_SSUSB_TXP a1 SG075S
SOTSSUSEAT o0 | SG0_SSUSB TXN U3_SSUSB_TXN 57
e N5 SGU_SSUSERXP U3 SSUSE_RXP 139
SGO_SSUSB_RXN U3_SSUSB_RXN
— H17 seo_avpoos ssuse
SGO_AVDD18_SSUSB via
U2_1_USB_DP [ATS ot e
SG1_S5USB_THP - U271 USB DM Unused USB2/USB3
1-3SUSB-TAN SG1_SSUSB TXP 'OWER /CND i 3 to6 CNL
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5.2 PCB Layout

5.2.1 41 PCB stack-up
FCE Stack up Impedance
Laver ‘ Type | | Thickness (mil} LK Single end +-10% Liff end +-10%
Top Side Sclder Mask 0.80 mil HEmi)| 2EE | ohmff | HBE | HBmil| 2EE | ohmfd | EEBE
76 L2 50 4998 | 64.505) L2 85 85.70
Ll TOF Differential & Signal ppper+Platiy 1.40 mil 5M.5(4.5) L2 90 90.59
4.55.505) I 100 99.57
Prepreg 4385 mil 398
L2 Copper 1.25 mil 67 L1 50 49.55
Core 44.50 mil 4
L3 Copper 1.25 mil 6(7) L4 50 49.55
Prepreg 4.85 mil 3.95
6y L3 50 4998 | 64.5(5) L3 85 85.70
L4 BOT Differential & Signal ppper+Platiy 1.40 mil 5/4.5(4.5) L3 a0 90.59
4.5/5.5(5) L3 100 99.57
Bottom Side Solder Mask 0.80 1mnil
61.10 mil
L 155 | mm

Table 5-7 : 4L PCB stack-up
1. Single end 50 ohm : L1/L2,L4/L3 500hm 7(gap 6mil)
2. Differential pair 90 ohm
(If Antenna position is not good, suggest routing U3 at L3, prevent 2.4G interference)
Outer layer: L1/L2, L4/L3 90ohm (5/4.5(gap 4.5mil)
3. Differentiall00 ohm
(If Antenna position is not good, suggest routing SGMII at L3, prevent 5G
interference)
Outer layer: L1/L2, L4/L3 1000hm (4.5/5.5(gap 5mil))

5.2.2 DDR layout guidelines

' EXTR for DDR3 40.2 ohm/ DDR4 100 ohm need as short as possible, and good GND
guarding.

s <

000000000
00000

an O e o o
»  MT7986B/C Power Cap Placement
Please MUST follow HDK layout use 0201 0.1uF *8 (TOP) +0201 0.1uF *8 (Bottom) for SOC
DDR controller and use 0201 0.1uF *5 at DDR KGD power pin side.
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Check layout

MT7986 HW Application Note

Fig

® @ 6o

«H N HE

5-38: DDR SOC power TOP Cap placement

if current >200mik, Short Bar should change one 06037

Fig 5-39:
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15v0
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e cal0AUF o |0 AUF [ DAUF | 0AUF w|0AUF o [DAUF | 010F o |0L1UF INI TIFDR0HERAE.EY
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[OOSR ) o LT L Lt Lt 1 sieiaeseiiey et R o e SRR W s i e 1 Wt i et
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s | :lEJuFm OLIUF o |0LTUF o |0IUF [ 000F ol 000F o 00uF o loour
| ctoss | cioes = IR
af WF o loawr i R R R R R R R R R i
e For 80C DDR: 0201 *8 (Top) + 0201 *8 (Bottom)
For Dram: 0201 *5

MT7986B/C DDR SOC Power schematic
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L] It
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CHD

AVDD15_POR 1.5VD
Input for DDR I/O
Y9
DDR_VDDQ [y1g 1 1 i »
DDR_VDDQ [~y1q “|c7r T|c73g T|cTas T|cTavl :Lc734 ‘jfn? ‘ji:na | ce047
DDR_VDDO [y12 b [ ST IO SRRl e 4]
DDR_VDDQ
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DVDD_CORE Wq

DVDD_CORE [Hg
Fig 5-42: MT7986B/C DDR KDG Cap*5 at TOP side
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*  MT7986A DDR Cap Placement
Please MUST follow HDK layout use > below caps number.
1.2vD
@ SOC side: 0201 *6 [0.1u*3 + 1u*3]
1.8V
@ SOC side: 0201 *1 [0.1u*1]

DRAM Bypass Cap

Ay B Bl i

4 oS cD13 oo coss COi28 COM40
IOVIRER ] -:\.-LF.-E-.E.\-'.-x:FTr -:.-LF.-E-.E,\-'.-ﬂR—r -L‘.'LF.-E-.!.\".-JC?R'—l_ -L‘.'LF.-E-.B\".-J(FR'—l_ -D.'LF.-E-.S\".-JC?R'—l_ 0. 1uF8.3VIKT

..................................................................................................

i 1 1 il 1 il |
D128 CDET CDED CD42 CDi2s CD126 CD4E ]
0. 1uF/8 VTR | 0. IuF8 VTR i 0. 9uF /8. 2VITR | 0. 1R INOTR | 0. JuFE 2VIXTR | D IuFE.INNTR | 0. 9uF& 2VIXTR '

iz Bottom side of DRREM

mm ACT Oeoo
"OAEND

o

‘0pr@y iis
aacas

o ¢ o o
e o

‘troenmE,
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' MT7986A DDR3/4 Layout guide(Suggest copy MTK RFB layout)
+ DDR3/DDR4 Impendence control
Please refer RFB HDK
® Differential pair 85~1000hm
® C/Asingle end impedance range 55~65 ohm
® DQsingle end impedance range 40~50 ohm

Trace spacing 100um
GND Plane (L2) Signal trace (L1) signal spacing pm 4

Solder mask 0.8mil . Guard trace width 100um
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Microstrip (trace on layer 1)

Trace Width (um) Signal Spacing Char. Imped. (Q)

DQ Main Route 175 350 49.1

CA Main Route 100 250 60.4

Strip-line (trace on layer 3)

DQ Main Route 175 350 44.8
CA Main Route 100 250 55.0
GND Plane (L2) Signaltrace (L)
Solder mask 0.8mil gnal spacing pm Guard trace width 100um

|l EBEEm

Microstrip (trace on layer 1)

Trace Width (um) Signal Spacing Char. Imped. (Q)

Diff Main Route 100 100 94
Strip-line (trace on layer 3)
DQ Main Route 100 100 85

Fig 5-43: DQS1/CLK differential pair impedance at layer 3 is 85 ohm

*  DDR3 length control
' Command/Address, Max Length CLK < 2000 mil, Group delta <1000mil
Or Copy MTK layout (Simulation and test pass), Address
AO0~13/command <1859mil, except BGO 2174mil, BAO 2051 mil.
' DQ max length<800 mil, Group delta <300mil
Or Copy MTK layout will better DQ0O~DQ15, DM, DQS max <701mil
| Max() -Min()| < SPEC

EMIO_DMO, EMIO_DQ[0:7] < 300 mil
EMIO_DM1, EMIO_DQJ8:15] < 300 mil
EMIO_DQS0_C, EMIO_DQS0_T < 6 mil

MT7986 MediaTek proprietary and confidential Page 47 of 92



MT7986 HW Application Note

EMIO_DQS1_C, EMIO_DQS1_T = 6 mil

EMIO_CK_C, EMIO_CK_T = 6 mil

»  DDR4 length control
*  Command/Address, Max Length CLK < 2000 mil
Or Copy MTK layout (Simulation and test pass), Address
AO0~13/command <1991mil, except BGO 2174mil, BAO 2051 mil.
*  DQ max length<800 mil, delta<270mil
Or Copy MTK layout will better DQ0O~DQ15, DM, DQS between

399~801 mil
EMIO_DMO, EMIO_DQJ0:7] = 270 mil
EMIO_DM1, EMIO_DQ[8:15] = 270 mil
PN Skew (WIpaCkage)
EMIO_DQSO_C, EMIO_DQSO_T = 6 mil
EMIO_DQS1_C, EMIO_DQS1_T = 6 mil
EMIO_CK_C, EMIO_CK_T =< 6 mil

m Edge-to-edge
. Spacing(um)
Routing Reference Shielding e

Layer Spacing(um)

Main Main
Route Breakout Route Breakout
L1 GSSSSSG
DQ 11,13 L2 13 GSSG 175 100 2250 2100 100
L1 GSSSSSG
> >
CA L1, L3 L2, L4 L3 GSSSSSG 100 100 2250 2100 100
DQS/CLK* L3 L2, L4 GSSG 100 100 2100 2100 100
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» Summary of the required trace width and spacing

| PCB Stack Up

Microstrip
Simulation Topology @ Q2D

Trace spacing 100um Trace spacing 100pum
GND Plane (L2) Signal trace (L1) GND Plane (L2) Signal trace (L1)  signal spacing 250pm
Solder mask 0.8mil Guard trace width 100pm Solder mask 0.8mil Guard trace width 100un
ﬁ “
Microstrip (trace on layer 1) per-Trace shielding Microstrip (trace on layer 1) two-Trace shielding
Trace Width (um) Char. Imped. (Q) Trace Width (um)  Signal Spacing Char. Imped. (Q)

Main Route 175 453 Main Route 175 250 48.7

Break out 100 5532 Break out 100 100 58.7
Testl 200 43

'+ Use power/ground forisolation.

*  RESET/ALERM don’t need to control

'+ Keep solid L2 reference plane (GND)

'+ For DQO~7/DQS0/DMO /CA at L1, refer to ground beneath

'+  For DQ8~15/DM1/CA/CLK/DQS1 at L3, refer to ground plane both above and
below

' Signal’s layout topology should be routed at L1 and L3 as illustratedbelow

'+ For DQrouting at L1/L3, two signal traces with adjacent GND shielding are
suggested

' For CA routing at L1/L3, three signal traces become a group with nearby GND
shielding

'+  For CA 1T (ODT/CKE/CS), routing at L1/L3, per signal traces GNDshielding

*  For DQSO routing at L1, per DQS+/- with adjacent GND shielding are suggested, +/-
Skew <6mil (with package, Package length, please check below table)
For DQS1 routing at L3, per DQS+/- with adjacent GND shielding are
suggested, +/- Skew <6mil (with package, Package length, please check below
table)

' For CLK routing at L3, per CLK+/- with adjacent GND shielding are suggested,
+/- Skew <6mil (with package, Package length, please check below table)

'+ For CA/CLK/DQS at L3, signal traces with GND reference beneathare
suggested Ground shielding

»  GND Shielding traces at L1 must connect to ground plane at L2through
ground via and/or ground balls at L1 at both SoC side and DRAM side.

' ummary of the required trace width and spacing
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Routing Reference SR Main Spacing(um)
Layer Route Breakout Main Route Breakout
L1 GSSSSSG
DQ 11,13 L2 13 GSSG 175 100 2250 2100 100
L1 GSSSSSG
CA 11,13 L2, L4 L3 GSSSSSG 100 100 2250 2100 100
DQS/CLK* L3 L2, L4 GSSG 100 100 2100 2100 100
<800mil pacckage P/N SKEW / package <6mil max delta <300 nil Trace width \ impedance | Layer |
EMIO_DQC 537.3673 Tmil [ !
&/HO_DQI 465.2988 Tmil
EMIO_DQ2 590.7461
EMI0_DQ3 528.5453
701.7398
RG] %8138‘51 5703461
EMIO_DQ6 632.2244
EMIO_DQ7 564.9
EMIO_DQS0_C
%I(LDQS
<2000mil [ pacckage P/N SKEW / package <6mil max delta <1000mil| Trace Width impedance
EMIO_AO 1439.201 4mil
EMIO_A1 1070.836 4mil
EMIO_A2 1414.146 4mil
EMIO_A3 1859.575 4mil
EMIO_A4 1044.358 4mil
EMIO_AS 1696.895 4mil
EMIO_A6 926.5209 4mil
EMIO_A7 1607.882 4mil 55-65
EMIO_A8 945.8681 4mil
EMIO_A9 1449.242 4mil
EMIO_A10 1265.945 4mil
EMIO_AL1 1060.038 4mil
Adderess [EMI0_A12 1037.933 983.2897638 4mil
EMIO_A13 1483.702 4mil
EMIO_A14 971.1339 4mil
EMI0_CK_C 948.2252[ 121.1670805 4mil
EMIO_CK_T 954.1063| 114.932841 0353137138 4mil 85-100
EMIO_BAO 1164.828 4mil
EMIO_BAL 993.1484 4mil
EMIO_BA2 1330.42 4mil
EMIO_CAS_N 996.2398 4mil
EMIO_CKEO 876.285 4mil
EMIO_CSO_N 1004.156 4mil 55-65
EMIO_RAS_N 1086.409 4mil
EMIO_WE_N 1372.734 4mil
EMI_EXTR 170.0098 4mil
EMI_RESET_N 1172.507 4mil
EMIO_CKEO 876.285 4mil

Note: CLK/DQS0/DQS1 DDR3/4 use the same pin, the package length is same
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5.2.3 USB2/3

*  PCB Fan out TX/RX pairs with PWR/GND isolation in break-outarea
' If there is no signal routing below TX/RX BGA — apply anti-pad for better impedance
control
*  P/N trace length control on PKG+PCB
* Trace length compensation for ball-pitch on package
* Routing P/N (REF CLK included) skew < 5mil for total length from IC to
Connector.
* USB: Traces must maintain 90 Q+-10% differential.
* Use power/ground forisolation.
* Use min. width/spacing (ignore Z control in this area) to enlarge thespacing
between TX/RX.
* If there is no signal routing below TX/RX BGA — apply anti-pad for better
impedance control

RX[ 2 N
| *&;” T - Anti-pad
RX
i L3 Solid Ground

Fig 5-44: USB3 and PCle ball map and fan-out

The length matching compensation should be made as close as possible to the point where
the length variation occurs.
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< 100 mils

O >= 135 degrees
A == 4x the trace width

¢ I ‘g1 & A B >= 1.5x the trace widti
SZ/;— (" == 1.5x the trace widtl
ANL_/B AN\
E G
A=B=C=D » Match the number of left bends to the
E=F=G=3W (W = trace width) number of right bends for length
Length = 100 mils
¢ Preferred- Not Conudered “Tight Bends
$2<2*51

45 degree bend \h\_ T N—

Fig 5-45 : Trace length matching

* Keep USB_DP/DM_PO0 and USB_DP/DM_P1 differential pairs routing with well “GND
shielding”.

* Impedance is 90-ohm (differential)

= USB_5V power trace >=20mil

= Differential pair via count <2

UsSB_DP_PO
USB_DM_PO

UsB_DP_P1
USB_DM_P1

USB_5V

GND shielding for Diff pairs
Fig 5-46: USB2.0 layout notice
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= Separate each USB3 pairs (SSUSB_TX/SSUSB_RX) with “well GND shielding”
* Impedance is 90-ohm * 10% (differential)

* USB3.0 On board Trace <6000mils (base on PCBA & eye diagram margin).

= USB3.0 PCB routing P/N skew < 5mils for total length from IC to Connector.
= USB2.0 PCB routing P/N skew <50mils.

= | AB18ssuUS -

SSUSB_TxXP ACTT XY .,I
SSUSB_TXN FrEoves=s
S5USB_RAXP reoreais

CE00 || O.1uF SSUSB TX P
CE01 _I |_ 0.JuF_ SSUSE TX N

?::’,:‘ISB FD(I:'L e
Us6 DW pg | AE22 USE
GND shielding for Diff pair
Fig 5-47: USB3.0/USB2.0 layout notice
5.2.4 HSGMII

' Separate each HSGMII pairs (SGMII_TX / SGMII_RX) with “well GND shielding”

' Impedance is 100-ohm + 10% (differential), run at 3.125Gbps, and 80~100 ohm will
be better.

*  SGMII On board Trace<6000mils (base on PCBA & eye diagrammargin).

'+ SGMII PCB routing P/N skew < 5mil for total length from IC to Connector.

'+ Differential pair signal, Chip to chip total Via count <2
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Differential 100-chm

g Ut-7
f\scMmil Tie ACIs | ep—
SGMITTXN _ABT5 | SCMIL TXP
SGHI Fe ABTE | i

SGMIL_RXP
SGMIL HXN _AATE I SGMII RXN

GND shielding for Diff pairs

Fig 5-48: SGMII differential line structures

5.2.5 PCle

*  Standard impedance
4.7.8. Differential Data Trace Impedance

The PCB trace pair differential impedance for a 5.0 GT/s capable data pai must be in the range of
68 Q to 105 Q. The PCB trace pair differential impedance for an 8.0 GT/s capable data pair must
be in the range of 70 € to 100 Q. These limits apply to both the add-in card and the system board.

PCle0

PCle0 TX: 850hm + 10%

PCle0 RX: 850hm * 10%

PCle0 CLK: 100 ohm + 10%

Via count <2

Separate each PCl-e pairs (TX/RX/REFCLK) with “well GND shielding”

PCIE On board Trace<6000mils (base on PCBA & eye diagram margin)

PCIE routing P/N (REF CLK included) skew < 5mil for total length from IC to
Connector. Try to keep golden-finger close PAD edge
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5.2.6 MT7531A Ethernet 10/100/1Gbps TX

' The Tx+/Tx- and Rx+/Rx- traces should always be as short aspossible

' The individual trace impedance of Tx+/Tx- and Rx+/Rx- must be kept the differential
characteristic impedance of the pair must be 100 ohm.

*  Avoid placing noisy digital signal traces near these sensitive pins.

& @ L
d A 0 R X Gk K M M R M
PSS eSS A E it B BN M K

Fig 5-49: The shielding line example of Ethernet layout

5.2.7 PMIC

5.2.7.1.1 DVDD_CORE voltage feedback pin

» Short bar resistor R9058 pads must be placed very closely to MT7986B DVDD_CORE
power ball and the traces must be well grounded
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ohD

REINT 100K
0.85v/8A o
usn
EIL, ?  roooo
120 FG00D | For MT7986B B8.Z24A
REZ0 10,0hm Ransa
| LI fy g4, B00T | SIR R Richtek suggest 0.B6uH, audio Noise?.. A T
cass 1F s Tt G B BB S8 ohm i
GHD.| | 2 e uF
I : T, Lot opmessirre Rezz1
ca o4z Foed
[ 10uF e 0 ukrev ol 1% V0T CORETE T
g5 8 2 r Ratge fieAaaaniL v -CORE SBD ohm
§¢° I Lot gy cu4d rofo cooas | cateo =]
Raa2s R Reaze| censt
= £ 1 ? g g ewpr T A mlr T zur T 2 T otr
oMoy 1 RENT 9 2 rp 2 836K ] 0.4uF
% J{ J: A =5
10KNI 3 ' 3 7 3
L8 GHD oD
oM RZ < s
REZID 100K i ek
2 pye |- Add 22uF/0805/6.3V/I5R *2
91K

GND  OND
2l
Vout=0.6(1+R1/R2) shD

Fig 5-50: The DVDD_CORE Feedback pin layout guidelines.

5.2.7.1.2 DVDD_CORE regulator and MT7986B distance

* The DVDD_CORE (0.85V) max power current is 8.24A (at least use 0201 1uF*16+
10uF), the power plant must be well and shorten the distance between regulator
and MT7986B to prevent voltage drop.
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. 0 w0 06 . =
SicgulatdFneed w/ FBito control voltagetd pREEML vollage drope

* W0 26N
L]

- ®
SENeYs »
® . ® -

. “En

e

(]
et & @ © ]
e ©00 0008 8O
o
i

]

% eoe EE
e e

]
L
o
@
L]

@
£} i
oo {
o0
‘II
B e oL
o0 8o

¢ o6

co0on0e Se¢o o
@

[ X X
ooo M- N N3}
® "o
& SH80e D66
000 s @ o 9 9

Fig 5-52 : The DVDD_CORE Cap position.

= The DVDD_CORE (0.85V) feedback signal must leave noise signal far away LX is noise
source.
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‘ll.‘llﬂum
'O
oooooo

Lint

AddingWOUT copper area

e
=

Raotatethe circuit 50
degreestathe left

RBOOT change to 0402 size Keep 3,30 away from X

5.2.7.1.3  3.3V/1.8V regulator recommend layout

If you follow HDK Buck for design, Richtek 2021Q3 suggest use RT6255B to replace
RT6264B (NOT pin to pin).

1.8V/3.3V regulator layout suggestion
RT6264B (U49) Recommend Layout

Place FB network close to FB pin to minimize FB trace
* Move CBOOT close to BOOT pin and change BOOT trace to bottom layerto keep the GND copper intact
* Change EN path to hottom layer
+ US2 and US8 layout referto U49

VouT i

‘.‘ |
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RT6264B (U49) Recommend Layout

* Reroute VIN copper and change CIN, COUT position makes GND to be connected in the shortest path
* Place at least 8pcs 12/20mil sized via at input and output GND Individually to ensure sufficient current
capabhility

INZ0969124
2N20969154

Reroute Il copper and

change CIM position
Change COUT position

:

IncreaseVIMtrace —
Reroute FB loop & change

trace to bottom layer

Move boot cap &
change boot trace to
bottom layer

Fig 5-53: The 3.3V power regulator layout suggestion

5.2.7.1.4 5V regulator recommend layout

USB 5V regulator layout suggestion

RT6252B (U53) Recommend Layout
Place FB network close to FB pin to minimize FB trace
* Change to 0402 size and change BOOT trace to hottom layer to keep the GND copper intact
* Change EN path to bottom layer
* Referto RT6264B layout

VouT

Eﬁﬁ -

Fig 5-54: The 5V power regulator layout suggestion
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52.7.1.5 DDR3 1.5V regulator recommend layout

Place COUT (C962) close to VOUT pin, Adding GND via at input and output to increase
thermal dissipation

Fig 5-55: The 1.5V power regulator layout suggestion

52.7.1.6  AVDD18 LDO regulator recommend layout

Place COUT (C988) close to VOUT pin, Adding GND via at input and output to increase
thermal dissipation

Fig 5-56: The AVDD18 power regulator layout suggestion

5.2.7.1.7 0.9V LDO regulator recommend layout

Change C1002 direction to make CIN ground consistent, place C1004 close to VOUT
pin, Adding GND via at input and output to increase thermal dissipation
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Fig 5-57 : The 0.9V power regulator layout suggestion

5.2.8 VQPS

This is eFuse voltage signal, The power trace need to wider. (Customer board don’t need to
program eFuse, it can tie to GND.

@® ® @ @ L) N

fom)
B
=
=
=T
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Fig 5-58: VQPS power trace width

5.2.9 MT7975 iPAILNA design on WiFi

Recommend the trace length from chip-out to ANT port should be similar between WFO to
WF3 with 50 ohm impedance.

RF trace should be isolated by GND vias and keep it away the noisy signal, like XTAL trace.
Here, to avoid the interference from XTAL and its trace routing, suggest add GND via around
it and its trace routing to increase isolation between it and other traces.

RF matching values and its recommended part numbers are listed in Fig 5-59. RF performance
may need to be checked/tuned again if the component vendor or PCB stack arechanged.

WF1_2G_iPAILNA TRX Out Circuit

WF3_2G_iPAiLNA TRX Out Circuit

1.8pF  |c0201 +0.1pF [GRMO0335C1H1R8BAOLD |Murata
[3nH  |io201 |£0.1nH [LaPO3TNNOBOZD |Murata |
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Psat:
- 2G: > 28dBm
-5G: > 27dBm
 — Measurement | Value [ Unit Other Info:
ByAnalyzed Signal 802 11al/g Packet Type
: Non-HT Packet Format
W dB
l YES Iygs Lower 2223 9Om 20 Channel BW (MHz)
Peak Power 2761 dBm 1 Analyzed Signals
NO NO Phase Error 0.92 deg 1 Spatial Streams
" — Frequency Error -3242 kHz 1 Space-Time Streams
Symbol Clock Error -12.00 ppm 32 Rl 163 Toagk
l YES I YES i Long Guard Interval
LO Leakage -35.38 7 Mod. & Coding Scheme
NO NO Amplitude Imbalance 003 dB BCC Coding Type
— — Phase Imbalance 0.09 deg 3/4 Coding Rate
By Stream: 540 Data Ra‘te (Mbps)
e 64-QAM Modulation Type
| ves | ves EVM -21.95 1028 PSDU Length (Bytes)
EVM (%) 799 % Passed PSDUCRC
NO NO EVMData 2192 dB
-— e
EVM Pilot -2227 dB
Passed L-SIG Parity Check
l YES [ 10 L-STF Periods Detected

Fig 5-59: iPAILNA RF recommended matching and the matching flow

5.2.10 MT7976C/DA iPAILNA design on WiFi
The Wifi matching, please refer MT7916+MT7976 HDK and design document

5.2.11 MT7976x ePAeLNA design on WiFi

The Wifi matching, please refer MT7986+MT7976 ePAeLNA RF design Guideline document.
MT7986+MT7976] ePAeLNA RF RF Design Guideline_20211116B.pdf

5.2.12 AIQ trace length control (No need to impedance control)

AlQ trace length should be controlled smaller than 8cm (max Cload 9pF) for 2.4G, and it
should be controlled between 3cm (min Cload 3.6pF) and 6cm (max Cload 7pF) for 5G/6G.
It also needs to meet the requirement, trace difference in the same WF smaller than 1.5mm,
from D die to A die.
To meet the isolation requirement for maximum BW in Figure 5-60, 40MHz in 2.4G and
160MHz in 5G, suggest follow the recommend in below:
- For 2.4G, there are 4 mil trace width and spacing between the differential pair, and4
mil spacing to GND.
- For 5G, there are 4 mil trace width and spacing between the differential pair, and8
mil spacing to GND.
- Add GND via between pairs.
Fig 5-60: lists the AX6000 AIQ trace length and its net name. The different value at different
AlQ streams are highlighted in RED color.
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40,0

Spec:-55dB (0-80MHz)

50,0
-650.0
=700
-80.0
-00.0
o | 0 |:.|. [ 1] - ""I.i"'.i"l‘.r_ 1l.‘l.F|-..| K [r‘f.-l ':I
AFE0 WF1 I
-110.0 B AFE0 WFO_to WFI

-120.0
0.0 B0.0 160.0 240.0 320.0 400.0 480.0

fieq (MHz)

5G AlQ
length(mm)>30mm and  Rules(<1.5mm)
<60mm

2G AlQ length(mm)

Rules(<1.5mm) <80mm

AFEO_WFO_IN 78.03184| |AFE1_WFO_IN 52.64774
AFEO_WFO_IP 77.80525| |AFE1_WFO_IP 53.64854

1.10531 1.36269
AFEO_WFO_QN | 78.91056| |AFE1_WFO_QN | 52.95861
AFEO_WFO QP | 78.53195| |AFE1_WFO QP | 52.28585
AFEO_WF1 IN | 76.48171 |AFE1 WF1 IN | 52.12263

008415 AFEO_WF1_IP | 76.44871 |AFE1_WF1_IP | 51.28576 L 36298
AFEO_WF1_QN | 76.40278 |AFE1_WF1_QN | 52.64804
AFEO_WF1_QP | 76.39756 |AFEL_WF1 QP | 52.3459
AFEO_WF2_IN | 79.57284 |AFE1_WF2_IN 47.2266

EO_WF2_IP . FE1_WF2_IP .
080533 AFEO_WF2_ 79.08076| |AFE1_WF2_ 46.7937 L 45234

AFEO_WF2_ QN | 78.76751) |AFE1._WF2 QN | 47.11768
AFEO_WF2_QP | 78.78957| |AFE1L_WF2_QP | 48.24604
AFEO_WF3_IN | 77.07477| |AFE1_WF3_IN | 52.24313
AFEO_WF3_IP | 76.92612| |AFE1_WF3_IP | 52.23279
1.43542 1.43792
AFEO_WF3_QN | 76.11311| |AFE1_WF3_QN | 53.67071

AFEO_WF3_QP | 77.54853| |AFE1_WF3_QP | 53.46186
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AT, _
" CAN-

/4 CAR=C. .
o o . - 8y
o Sugom : :

55 ceo64 R9001 R9064
O i il 1C6062 e : :
“R2075,))8 |8 S a1V | 0 ., ~, + GND14 @

GNo1' @

Fig 5-60 : A Band D die to A die Top layer layout

5.2.13 AFE WRI trace length control.

WF0/1_HBO0~8 must control the same length the WFO or WF1 group delta can’t over 15mm
(Timing around 100ps) highlighted in RED color. and HBO(CLK) need to add RC. Default
values suggest to use OR/4.7pF, for AX4200 HBO/HBO_B RC must add 4.7pF for WRI CLK.

Fig 5-61 : WFO WRI trace length delta check

MT7986 MediaTek proprietary and confidential Page 65 of 92



MT7986 HW Application Note

MT7975 @ MT7915 @ Panther MT7986 p—
Function Pin # Pin Name RFB (MTK2511) 2G (U10) 5G (U8)
WRI 53 |PAD_WE _HBsS PAD_WF _HBs PAD_WE_HBS 26 PAD_WF HBS 56
WRI 59 |PAD_WEF_HB? PAD_WF_HB7 PAD_WF_HB7 26 PAD_WF_HB7 56
WRI 60  |PAD_WF_HB6 PAD_WF_HB6 PAD_WF_HB6_2G PAD_WF HB6_5G
WRI 61 |PAD_WF_HBS5 PAD_WF_HBS5 PAD_WF_HB5 26 PAD_WF_HB5_5G
WRI 62  |PAD_WF _HB4 PAD_WF HB4 PAD_WF HB4 26 PAD_WF HB4_5G
WRI 63 |PAD_WF _HB3 PAD_WF HB3 PAD_WF HB3 26 PAD_WF HB3 56
WRI 64  |PAD_WF _HB2 PAD_WF _HB2 PAD_WF_HB2 26 PAD_WF_HB2 56
WRI 65 |PAD_WF_HBO PAD_WF_HBO PAD_WE_HBO_26 PAD_WF_HBO_5G [WRLELS} Reéea awary Tromi XTAl
(Isolated with GND)
WRI 66 |PAD_WE_HB1 PAD_WE_HB1 PAD_WE_HB1 26 PAD_WF_HB1 56
Note: WRI CLK should be isolated with GND and reserve a RC close to MT7986.
AFE1_WF3 ON D5 | preiwera
3 A AFE1_WF3_QN
AFE1_WF3 QP Di4 AFET_WF3 QP
WF1_HBO R9075 0-ohm TE:% WEL Hoo B
R0201 WF1_HB1 B10 | WF1_HBO
WF1 HB2 [ WF1_HB1
C6062 WF1_FB3 Bi7| WF1_HB2
10pF/NI WF1_HB4 c WF1_HB3
WF1_HB5 o3 0 A R
WF1_HBs Bz | WELHES
= WF1_HB7 Wl Hioa
WF1_HBS B W s

Fig 5-62 : WFO0 HBO is CLK keep other signal away

MT7975 @ MT7915 @ Panther MT7986 s
Function Pin # Pin Name RFB (MTK2511) 2G (U10) 5G (U8)
SPI CLK
SPI 27  |PAD_TOP_CLK PAD_TOP_CLK PAD_TOP_CLK_2G PAD_TOP_CLK_5G lisolitod with GRD)
SPI 28  |PAD_TOP_DATA [TOP_DATA PAD_TOP_DATA 2G PAD_TOP_DATA 5G
Note: SPI CLK should be isolated with GND and reserve a RC close to MT7986.

LR 15151 BV T F1 HBa

WF1 TOP CLK _RS077 g-ohm A9
MT7975 R0201 WFT_TOP_DATA A10 | WF1_TOP_OLK

WF1_TOP_DATA

C6064
10pF/NI

"
WEr RS RESETE Bg:g WF1XO REQ
WF1_CBA_RESETH_Ci0 | WF!_DIG_RESETB

— WF1_CBA_RESETB

=

af

MT7986

PAD_BT.

32

RADIZ AgOE3

Fig 5-63 : WFO TP_CLK (SPI CLK) reserve RC and keep other signal away
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5.2.14 Heatsink and power consumption for thermal simulation

Please refer AN : MT7986B AX6000 Power Consumption and Thermal Report V1.0 -20210826.pdf
for detail.

PCB size: 180x128x1.6 mm
Housing: 254x 188.5x37.6 mm T

| DRQFN 10.5x9mm
sl D |
MT79754_56G:

| DRQFN 10.5x9mm
6.2 W

MT7926E: FCCSF KGD
{33 6213 Emm
5.04 W

MT7531:
| LOFF 14x14mm
2.025 W

| Heat Sink:160X64x9mm

Fig 5-64: Heat sink and power consumption for thermal (iPAIiLNA only)

5.2.15 MT7531 Crystal

The Xtal use wrong Part maybe cause IEEE802.3 compliant fail or package loss.
Xtal:
* The 25MHz DIP/SMD Xtal designed for MT7531
Xtal line trace/clearance = 4/4 mil, length 512.78 mil
* Each layer’s signal & ground keep out area is shown below (L1/L2/L3/L4)
* The Xtal trace should be well GND shielding
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Fig 5-65: Crystal layout guidelines

5.2.16 A die XTAL and D die reference clk input

There are two reference CLK input from MT7975/MT7976 A die to MT7986B D die:
* The 40MHz Osc voltage should be 0.8V to 1.6V
* Each layer’s signal & ground keep out area is shown below (L1/L2/L3/L4)
= The OSC trace should be well GND shielding, at least two GND via space toAlQ
signal.
i}

Fig 5-66: A Die CLK to D Die CLK guidelines

5.2.17 Flash Interface

There are 4 kinds flash support by MT7986B, SPIM-NOR, SPIM-NAND (ECC free), eMMC.

MT7986 MediaTek proprietary and confidential Page 68 of 92



MT7986 HW Application Note

5.2.17.1.1 SPI Flash (SPI(M) NAND, SPI NOR)

For SPI CLK/Data Bus:
= Add a damping resistor on the SPI-CLK, and place it close to SPI-NAND device, and
the damping R is recommended to be fined tuned by over/under-shootwaveform.
* The max recommended routing length of CLK/Data is 4000mil

* The difference of CLK/Data bus length <300mil

= <3 through holes on the CLK/Data bus
* SPI-CLK routing trace could be well protected with solid GND plane (option)

+3.3VD
u1902 CP
; Cs# VCC . ‘
SPI_ MISO 2 7 SPI HOL
SPL_WP 3 | SO/SIO1 HOLD# g R2966 OR )SPIL_CLK
4 ggg S”SS%E 5 SPILMOS
the damping R is recommend to be fined
tuned by real over/under-shoot waveform.

—_ SPI-NAND

Fig 5-67 : SPI Flash layout guidelines

52.17.1.2 eMMC

MT7986B/C eMMC v4.5 only support 3.3V, share bus with SPI0/SPI11/PWM1, CLK up to
50MHz
MT7986A eMMC v5.1 work at 1.8V only,CLK up to 104MHz
Layout guide could follow eMMC design guide
* Reserve Damping for eMMC CLK, if share pin with otherlO.
= 50-ohmimpedance
= Mismatch within DATO~DAT7 < 250 mil
* CLK to DATO-7 mismatch < 250 mil
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* CLK to CMD mismatch < 250 mil
*= CLKto RST_N mismatch < 1000 mil
Signal space (H: H is the height of the dielectric between signal and GND (reference layer)
CLK >2H
DS >2H
CMD > 1.5H
RST_N >1.5H
Power/GND, Cap Number, follow eMMC design guide

5.2.18 Reserve shielding for Emission/De-sense

Please reserve shielding for Emission and De-sense consideration
Suggest AIQ/WRI/USB3.0/SGMII/PCle layout to inner layer to get more sealed shielding
cover.

Fig 5-68 : Reserve shielding example
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6 PHY test commands

6.1 MT7531 Ethernet PHY test commands

6.1.1 10-T mode command

Example for Port O

PO MDI/MDIX

switch phy cl45 w 0 Ox1e 0x145 0x5010;
switch phy cl45 w 0 Ox1e 0x145 0x5018;

PortO

Normal:

switch phy cl22 w 0 31 0x0;

switch phy cl22 w 0 00 0x0100;

switch phy cl45 w 0 Ox1e 0x145 0x5010;
switch phy cl45 w 0 Ox1e 0x33 0x0177;

Random
switch phy cl22 w 0 31 0x0001;
switch phy cl22 w 0 29 0xf842;

Harmonic (Reboot)

switch phy cl22 w 0 31 0x0;

switch phy cl22 w 0 00 0x0100;

switch phy cl45 w 0 Ox1e 0x145 0x5010;
switch phy cl45 w 0 Ox1e 0x33 0x0177;
switch phy cl22 w 0 31 0x0001;

switch phy cl22 w 0 29 0xfe40;

6.1.2 100-Tx mode command

Below command X mean Port

switch phy cl22 w X 31 0x0;

switch phy cl22 w X 0 0x2100;

switch phy cl45 w X Ox1e 0x145 0x5010;

Example Port0

MDI
switch phy cl22 w 0 31 0x0;
switch phy cl22 w 0 0 0x2100;
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switch phy cl45 w 0 Ox1e 0x145 0x5010;

MDIX

switch phy cl22 w 0 31 0x0;

switch phy cl22 w 0 0 0x2100;

switch phy cl45 w 0 Ox1e 0x145 0x5018;

6.1.3 1G mode mode command

Example for Port 0

1000 test model

switch phy cl22 w 0 31 0x0;
switch phy cl22 w 0 0 0x0140;
switch phy cl22 w 0 9 0x2600;

1000 test mode2

switch phy cl22 w 0 31 0x0;
switch phy cl22 w 0 0 0x0140;
switch phy cl22 w 0 9 0x4600;

1000 test mode3

switch phy cl22 w 0 31 0x0;
switch phy cl22 w 0 0 0x0140;
switch phy cl22 w 0 9 0x6600;

1000 test mode4

switch phy cl22 w 0 31 0x0;
switch phy cl22 w 0 0 0x0140;
switch phy cl22 w 0 9 0x8600;

6.2 2.5G PHY read/write and test commands

6.2.1 Read command

Example read 2.5G PHY ID (CL22)
mii_mgr-g-p5-r2
mii_mgr-g-p6-r2

6.2.2 Write command

Set: mii_mgr_cl45 -s -p [port number] -d [dev number] -r [register number] -v [value]
Example:
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# mii_mgr -g -p 6 -r 0 Get:
phy[6].reg[0] = 3040

# mii_mgr-s-p6-r0-vB040
Set: phy[6].reg[0] = b040

6.2.3 2.5G Ethernet PHY compliant test command
6.2.3.1 2.5GBASE-T IEEE802.3 compliant test command
Base on IEEE 802.3 CL45 test register to set 10GBASE-T test command as below, if any test

issue, please contact Ethernet PHY vendor for support.
Set: mii_mgr cl45 -s -p [port number] -d [dev number] -r [register number] -v [value]

Table 45-51—10GBASE-T test mode register bit definitions

Bit(s) Name Description R/W*

—
L

1.132.15:13 Test mode control 13 R'W
1 =Testmode 7
0 =Testmode 6
1 =Testmode 5
0 = Test mode 4
1 =Testmode 3
0 =Test mode 2
1 Test mode 1
0

=Normal operation

DOOOD—‘»—I»—‘;—A|
e = R e e e
.

[
[y
[y
—

1.132.12:10 Transmitter test
frequencies

10 R'W
1 =Reserved
0 =Dual tone 5
1 =Dual tone 4
0 =Dual tone 3
1 =Reserved
0 =Dual tone 2
1 =Dual tone 1
0 =Reserved

OOOO»—»—»—>—-|.—-
Q-:;»-»—oo»—-»-—a'

1.132.9:0 Reserved Value always 0, writes ignored RO

IR/W = Read/Write

802.3 register back up for MultiGBASE-T1 (802.3 Claude 149 include 2.5G, 5G, 10GBaseT1)
Table 45-155e MultiGBASE-T1 test mode control register bit definitions

Bits(s) Name Description R/W*
1.2313.15:13 | Test mode control 151413 RW
1 11=Testmode 7

11 0="Testmode 6
101="Testmode 3

100 =Testmode 4

011 =Reserved

010 =Test mode 2

00 1="Testmode L

0 0 0 = Normal (non-test) operation
1.2313.12:0 Reserved Value always 0 RO
RO = Read only. R/W = Read/Write
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## 2.5G command P5
Test mode 2 : mii_mgr_cl45 -s -p 0x5 -d 1 -r 84 -v 4000
Test mode 4 tone 1 : mii_mgr_cl45 -s -p 0x5 -d 0x1 -r 0x84 -v 0x8400
Test mode 4 tone 2 : mii_mgr_cl45 -s -p 0x5 -d 0x1 -r 0x84 -v 0x8800
Test mode 4 tone 3 : mii_mgr_cl45 -s -p 0x5 -d 0x1 -r 0x84 -v 0x9000
Test mode 4 tone 4 : mii_mgr_cl45 -s -p 0x5 -d 0x1 -r 0x84 -v 0x9400
Test mode 4 tone 5 : mii_mgr_cl45 -s -p 0x5 -d 0x1 -r 0x84 -v 0x9800
Test mode 5 : mii_mgr_cl45 -s -p 0x5 -d 0x1 -r 0x84 -v 0xa000
Test mode 6 : mii_mgr_cl45 -s -p 0x5 -d 0x1 -r 0x84 -v 0xc000
Test mode 7 : mii_mgr_cl45 -s -p 0x5 -d 0x1 -r 0x84 -v 0xe000
Test mode (1 & 3):
# Test mode 3 command:
- Master GPY211 Device set at test mode 1:
mii_mgr_cl45 -s -p 0x5 -d 0x7 -r 0x20 -v 0xc0a2
mii_mgr_cl45 -s -p 0x5 -d 0x1 -r 0x84 -v 0x2000
- Slave DUT set at test mode 3:
mii_mgr_cl45 -s -p 0x5 -d 0x7 -r 0x20 -v 0x80a2
mii_mgr_cl45 -s -p 0x5 -d 0x1 -r 0x84 -v 0x6000

## 2.5G command P6
Test mode 2 : mii_mgr_cl45 -s -p 0x6 -d 1 -r 84 -v 4000
Test mode 4 tone 1 : mii_mgr_cl45 -s -p 0x6 -d 0x1 -r 0x84 -v 0x8400
Test mode 4 tone 2 : mii_mgr_cl45 -s -p 0x6 -d 0x1 -r 0x84 -v 0x8800
Test mode 4 tone 3 : mii_mgr_cl45 -s -p 0x6 -d 0x1 -r 0x84 -v 0x9000
Test mode 4 tone 4 : mii_mgr_cl45 -s -p 0x6 -d 0x1 -r 0x84 -v 0x9400
Test mode 4 tone 5 : mii_mgr_cl45 -s -p 0x6 -d 0x1 -r 0x84 -v 0x9800
Test mode 5 : mii_mgr_cl45 -s -p 0x6 -d 0x1 -r 0x84 -v 0xa000
Test mode 6 : mii_mgr_cl45 -s -p 0x6 -d 0x1 -r 0x84 -v 0xc000
Test mode 7 : mii_mgr_cl45 -s -p 0x6 -d Ox1 -r 0x84 -v 0xe000
Test mode (1 & 3):
# Test mode 3 command:
- Master GPY211 Device set at test mode 1:
mii_mgr_cl45 -s -p 0x6 -d 0x7 -r 0x20 -v 0xc0a2
mii_mgr_cl45 -s -p 0x6 -d 0x1 -r 0x84 -v 0x2000
- Slave DUT set at test mode 3:
mii_mgr_cl45 -s -p 0x6 -d 0x7 -r 0x20 -v 0x80a2
mii_mgr_cl45 -s -p 0x6 -d 0x1 -r 0x84 -v 0x6000

6.2.3.2 1000BASE-T IEEE802.3 compliant test command

Below command follow IEEE 802.3 CL22 register 9 to set 1GBASE-T test command.

##t 1000M Test Mode:
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Test Mode 1 => Template, Peak Voltage and Droop

Test Mode 2 => Master Clock Jitter
Test Mode 3 => Slave Clock Jitter

Test Mode 4 => Distortion, Return Loss and Common Mode

## 1000M Command: (PHY address

5)

Test mode 1 - mii_mgr -s -p 0x5 -r 0x9 -v 0x2300
Test mode 2 - mii_mgr -s -p 0x5 -r 0x9 -v 0x4300
Test mode 3 - mii_mgr -s -p 0x5 -r 0x9 -v 0x6300
Test mode 4 - mii_mgr -s -p 0x5 -r 0x9 -v 0x8300

## 1000M Command: (PHY address

6)

Test mode 1 - mii_mgr -s -p 0x6 -r 0x9 -v 0x2300
Test mode 2 - mii_mgr -s -p 0x6 -r 0x9 -v 0x4300
Test mode 3 - mii_mgr -s -p 0x6 -r 0x9 -v 0x6300
Test mode 4 - mii_mgr -s -p 0x6 -r 0x9 -v 0x8300

6.3 USB3 TX compliance test SOP

6.3.1 U3 TX Compliance Test Item

U3 driver default disable CTS mode ° it need to set below register to enable CTS mode to

test TX compliance. Enable CTS mode setting: set 0x11200420 to 0x10340

regs w 0x11200420 0x10340

6.4 USB 2.0 TX compliance test SOP

6.4.1 USB 2.0 background information

MT7986 can support 2 USB 2.0 High speed ports, and below are register layout information.

port offset
u2 portO 0x0000
0x0100
0x0300

u2 portl 0x1000
0x1100
0x1300

bank
MISC
FMREG
U2PHY COM

MISC
FMREG
U2PHY COM
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6.4.2 Software programming

Enable xHCI USB 2.0 toolkits (Please check Software Engineer)

CONFIG_USB_XHCI_MTK_DEBUGFS=y
CONFIG_DEBUG_FS=y

6.4.3 What parameters to xHCI eye-pattern quality

Phy RG_USB20_VRT_VREF_SEL parameters

*VRT reference voltage selection

Register:
11C21304 USBPHYACR1 U2PHYA Common 1 Register 00444400
Bt | 31| 30 | | 7| % 25 4 23\22\21|za\19 1s|17|15
Name RG_USB20_INTR_CAL RG_USB20_OTG_VBUSTH
Type RW RW
Reset 1o |1]o]o 1 0 0
Bt [ 15| 14 | 13 ] 2|l w | ¢ | e |76 ]|s]alzs|z2]1]o0
Name RG_USB20 VRT VREF S RG_USB20_ TERM_VREF_SEL RG_USB20 MPX_SEL
Type RW RW AW
Reset 1‘&‘4} 1‘{5|{> i}‘{}"{}|{5‘ﬂ'|i}|ﬂ'|i}
Bit field:
14:12 RG_USB20_VRT_VREF_SEL VRT reference voltage selection(share circuit)

000:700mV

001:720mV

010:740mV

011:760mV

100:770mV

101:780mV

110:800mV

111:820mV

Phy RG_USB20_TERM_VREF_SEL parameter

*HS TX TERM reference voltage selection
Register:
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11C21304 USBPHYACR1 U2PHYA Common 1 Register 00A44400
gt |31 ] 30 | 2 ® | 7| 15 24 23|22|21\2{:-\19 1s|17|15
Name RG_USB20_INTR_CAL RG_USB20 OTG_VBUSTH
Type RW RW
Reset 1o |10 0 1 0 0
gt |15 | 14 | 13 12 |11 1 9 g 7l 6s | 5| 4|3 2 1 0
Name RG_USB20 VRT VREF_SEL RG_USB20 TERM_VREF SEL RG_USB20_MPY_SEL
Type RW RW RW
Reset 1|ﬂ‘ﬁ 1‘5‘4} {}|ﬁ|{ﬁ‘5‘|}‘ﬂ|‘.}|ﬂ
Bit field:
10:8 RG_USB20_TERM_VREF_SEL HS5_TX TERM reference voltage selection(share circuit)
000:320mV
001:340mV
010:360mV
011:380mV
100:400my
101:420mV
110:440mV
111:460mV
PHY RG_USB20_HSTX_SRCCTRL parameter
*High speed slew rate control
Register:
11021314 USBPHYACRS U2PHYA Common 5 Register 00801000
Bit 3 |3a|29| ] 7 2 | I | 1] 2 2
Name u2phy_reserveld fnc_usazo_oisc_AT_en RG_USB20_INTT_S0_EN_DG [hc_usaz0_nsT_TMoDE el RG_USE20_S00 I
T!,rpe Ro R AW W L)
Reset i [l ] i i { i i 1 i
Bit 15 14[13 12 11 10 g i 7 [
Name J0G_USB20_ HSTK SACAL BN A6 _USK20_HSTX SACTRL  [RG_USB2O_WS_100U_UZ_ENRG_USE20_ GBLS END A6 USE20_DM_ABIST_SOUACE EN
Type R W W R nw
Resat 0 a|-:| 1 1 0 0
Bit field:

6.4.4

14:12 RG_US5SB20_HSTX_SRCTRL

Eye-pattern parameter

high speed slew rate control
000: min rise time/fz2ll time

1412

: max rise time/ffzll time

To submit final your parameters tied in eye-pattern to *.dts file of your project

&u2port0 {

mediatek,eye-src = <0x04>;
mediatek,eye-vrt = <0x04>;
mediatek,eye-term = <0x07>;

MT7986

MediaTek proprietary and confidential

Page 78 of 92




MT7986 HW Application Note

status = “okay”;

|5

6.4.5 Software programming USB2.0 test

Enable xHCI USB 2.0 toolkits (Please check Software Engineer)

CONFIG_USB_XHCI_MTK_DEBUGFS=y
CONFIG_DEBUG_FS=y

6.4.6 USBIF compliance Test

Host High-speed Signal Quality
(EL 2,EL 3,EL 6,EL_7)

)

Host Controller Packet Parameter
(EL 21, EL 22 EL 23,EL 25 EL 53)

Y
Host CHIRP Timing
(EL_33,EL_34,EL_35)

h A

Host Suspend/Resume timing
(EL_39,EL 41)

A

Host Test /K, SE0 NAK
(EL 8,EL 9)

Digital l

Analog Drop Test

6.4.6.1 Host High-speed Signal Quality (EL_2, EL_3, EL_6,EL_7)

CLI: echo -n test.packet 3 >/sys/devices/platform/11200000.xhci/hga
//U3 connector (U3+U2)
CLI: echo -n test.packet 2 > /sys/devices/platform/11200000.xhci/hqga
//U2 connector (U2 only), MT7986A only
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6.4.6.2 Host Controller Packet Parameter (EL_21, EL_22, EL_23, EL_25, EL_55)

CLI: echo -n test.getdesc 3 > /sys/devices/platform/11200000.xhci/hga
//U3 connector (U3+U2)

CLI: echo -n test.getdesc 2 > /sys/devices/platform/11200000.xhci/hga
//U2 connector (U2 only), MT7986A only

6.4.6.3 Host CHIRP Timing (EL_33, EL_34, EL_35)

CLI: echo —n test.enumbus 3 > /sys/devices/platform/11200000.xhci/hqa
//U3 connector (U3+U2)

CLI: echo —n test.enumbus 3 > /sys/devices/platform/11200000.xhci/hqa
//U2 connector (U2 only), MT7986A only

6.4.6.4 Host Suspend/Resume timing (EL_39, EL_41)

CLI (suspend): echo -n test.suspend 3 >/sys/devices/platform/11200000.xhci/hga

//U3 connector (U3+U2)

CLI (suspend): echo -n test.suspend 2 >/sys/devices/platform/11200000.xhci/hqga

//U2 connector (U2 only), MT7986A only

CLI (resume): echo -n test.resume 3 > /sys/devices/platform/11200000.xhci/hqa

//U3 connector (U3+U2)

CLI (suspend): echo -n test.resume 2 >/sys/devices/platform/11200000.xhci/hga

//U2 connector (U2 only), MT7986A only

6.4.6.5  Host Test J/K, SEO_NAK (EL_8, EL_9)

CLI (J): echo -n test.j 3 > /sys/devices/platform/11200000.xhci/hqa
//U3 connector (U3+U2)
CLI (J): echo -n test.j 2 > /sys/devices/platform/11200000.xhci/hqa
//U2 connector (U2 only), MT7986A only

CLI (K): echo -n test.k 3 > /sys/devices/platform/11200000.xhci/hga
//U3 connector (U3+U2)

CLI (K): echo -n test.k 2 > /sys/devices/platform/11200000.xhci/hga
//U2 connector (U2 only), MT7986A only

CLI (SEOQ): echo -n test.se0 3 > /sys/devices/platform/11200000.xhci/hga
//U3 connector (U3+U2)

CLI (SEOQ): echo -n test.se0 2 > /sys/devices/platform/11200000.xhci/hga
//U2 connector (U2 only), MT7986A only
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6.4.6.6 Drop Test

CLI: none

Refer USB Specification as below link:
USB Electrical Compliance Specification v1.07.pdf

https://usb.org/sites/default/files/USB%202%200%20FElectrical%20Compliance%20Specific

ation%28v1.07%29.pdf

6.5 (H)SGMII command

6.5.1 (H)SGMII SSC

HSGMII SSC driver default is disable, Customer can use below command to enable SSC

mode to compare RF de-sense or EMI.

MT7531 SSC enable command
Port 6(default is for CPU port)
switch reg w 6110 40000000;

switch reg w 6100 120044f;

Port 5
switch reg w 5110 40000000;
switch reg w 5100 120044f;

MT7986 SSC enable command
HSGMIIO

regs w 0x10060110 0x40002000;
//2000 -- >bit 30 -- >1 40002000
regs w 0x10060100 Ox12B484F;
//010b484f bit 21 -->1, 12B484F

HSGMII1
regs w 0x10070110 0x40002000;
regs w 0x10070100 Ox12B484F;

6.5.2 (H)SGMII 2.5G/1G force change command

HSGMII default data rate is 2.5G (baud rate 3.125Gbps),
MT7986
# SG1 force 2.5G (gen2)

regs w 100700e8 10
regs w 10070128 14817
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regs w 10070020 31120019
regs w 10070000 140
regs w 100700e8 0

#

# SG1 force 1G (gen1l)

regs w 100700e8 10

regs w 10070128 14813
regs w 10070020 31120019
regs w 10070000 140

regs w 100700e8 O

# SGO force 2.5G (gen2)
regs w 100600e8 10

regs w 10060128 14817
regs w 10060020 31120019
regs w 10060000 140

regs w 100600e8 0

H

# SGO force 1G (gen1)

regs w 100600e8 10

regs w 10060128 14813
regs w 10060020 31120019
regs w 10060000 140

regs w 100600e8 0

MT7531A Switch register

# port5

# force SGMII 2.5G

switch reg w 50e8 10

switch reg w 5128 14817
switch reg w 5020 31120009
switch reg w 5000 140
switch reg w 50e8 0

# force SGMII 1G

switch reg w 50e8 10

switch reg w 5128 14813
switch reg w 5020 31120009
switch reg w 5000 140
switch reg w 50e8 0
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# port6

# force 2.5G

switch reg w 60e8 10

switch reg w 6128 14817
switch reg w 6020 31120009
switch reg w 6000 140
switch reg w 60e8 0

# force SGMII 1G

switch reg w 60e8 10

switch reg w 6128 14813
switch reg w 6020 31120009
switch reg w 6000 140
switch reg w 60e8 0

MT7986 HW Application Note

6.5.3 (H)SGMII Package Gen for eye pattern

HSGMII default data rate is 2.5G (baud rate 3.125Gbps, use standard XAUI spec. Please
refer HQA report for spec, below is package gen command and register.

MT7531

# port5

switch reg w 50c4 XXXXXXXX
# port6

switch reg w 60c4 XXXXXXXX
MT7986

SGMII0

regs w 100600C4 XXXXXXXX
SGMII1

regs w 100700C4 XXXXXXXX
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PRBS7 or UDP_DATA (User Defined Pattern)

00050C! PAT GEN CTRL 1 Pattern Gen control_1 00000000
000S0cs AT GEN CTRL 0 Fattim Gan controlio T N T T T T T T T B T T
Bit 31| 90 ] 29 ] 28 | 27 ] 6 ] 25 ] 4] 8] 2] A0 8] 6] v TR
Name UOP_DATA_15_0 -
Type W Type L
T ) S T T S 1 N S pmelolelol ool efolole]lolslelo]ols]e
3 B N B P TN Y A Y N M R B B 1] I N [-e-f-a-] o] o] wifoan]omn]es [ ]
= BIST_E| BIST_R|BIST_O| PRBS_I[RENE [PRES_CIPRBS_| Lot UDP_DATA 4716
- #n | un | & [wera | mong PRESMODE || Type AW
oo wa [ wo [0 [ ow | ow | 7 [ mw [w Rt | 5 [0 [0 [ o [ o [o o lo s [s ool s o[>
Reset o o ] o [ o ] e 0 ]
BR(s)  Name Description
3116 UDP_DATA_15.0 User define pattern [35:0]
8 BIST_ERR BIST Ervor flag [error bit received) Bits) Name Description
7 BST_RUN BIST Run flag (Pattern generate and check pariod) 310 UDP_DATA 87 16 User define pattarn [47:16]
6  BISTOK BIST OK fiag (no error bit received)
S PRES_INIERR PRES pattern error bits injection
000050CC PAT_GEN_CTRL 2 Pattern Gen control_2 00000000
1'b0: T send PRES pattern normally Bt ] 91 | 0 | 22 | 2 | &7 | 2% | B | o5 | & ]2 |k o] m ] w0
Name UDP_DATA_79_48
1'61: TX send specific pattern 20'h5a5a5 Type o
4 RENEW_MODE Mode of Next PRBS golden pattern ganeration for check
Raset | 0 [ 0 ] o J o [ o [ o o[ ool [0 ° o
1'b0 : using first RX data to polynomial LFSR Bie Jos [ [ufufufwlo]e]7]e]s[s]a]al]r]eo
Name UDP_DATA_79_43
11 : using every RX data to palynomial LFSR Type W
32 PRBS_MODE Type of pattern for generation Reset | o T o JoJoJoJoJoJoJoJoJoJoJoe]JoJoJo
2600 : PRES-7
2601 : User define pattern
Bitfs) Name Description
2510 Clock pattern 31:0__UDP_DATA 79 48 Usar define pattarn [75:48]
2'b11: No used
1 PRBS_CHECK Start to calculate PRBS error count enable 00005000 PAT_GEN_CTRL_3 Pattern Gen control_3 00000000
Bit ER 30 29 28 7 26 » 24 1 > 21 20 19 18 17 16
1'b0: no active Name
T
151 : active Ll
0 PRBSEN Pattern Gen enable Rasat
Bit 15 14 13 12 11 10 9 8 7 6 5 a4 3 2 1 o
150 disable Name BIST_ERR_CNT
Type "o
1'b1: enable Reset | 0 | o [ 0 | 0 [ o ] o] o]o]o]o]oJo]JoJo] ]o]o
MT7531 register, MT7986 offset different — e
Bl pswis psecubon

6.6 MT7986 Thermal sensor ADC command

//Read MT7986 CPU temperature

cat sys/class/thermal/thermal_zoneO/temp

example read value is 58222, it means junction temperature around 58.222 C.
//check eFuse value

regs d 11D00274 // dump value 0 mean eFuse no value

6.7 CPU core disable command example

//Disable cpu core 1~3

echo 0 > /sys/devices/system/cpu/cpul/online
echo 0 > /sys/devices/system/cpu/cpu2/online
echo 0 > /sys/devices/system/cpu/cpu3/online

6.8 CPU Full Loading command

//memory test command, command enter 4 times for CPU 100 percent loading.
memtester 10M &

//check CPU loading command
mpstat 2 -P ALL
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6.9 WIFI radio off and TX power percentage command

//Radio off.
iwpriv ra0 set RadioOn=0
iwpriv rax0 set RadioOn=0

//Tx power percentage, example for 5G 80%.
iwpriv rax0 set PercentageCtrl=1
iwpriv rax0 set PowerDropCtrl=80

6.10 GPIO/ WF5F_LED/WF2F_LED on/off command example

//Set GPIO PINMUX

regs w 0x1001F300 0

//Set GPIO1/2 //WF2G_LED and WF5G_LED ON
regs w 0x1001F004 Ox6

//Clear GPIO1/2 WF2G_LED and WF5G_LED OFF
regs w 0x1001F008 0x6

6.11 PWM command at Uboot example

Before test PWM, please ask software engineer to enable following configs in u-boot
menuconfig.

+CONFIG_CMD_PWM-=y
+CONFIG_DM_PWM=y
+CONFIG_PWM_MTK=y

pwm - control pwm channels

Usage:

pwm invert <pwm_dev_num> <channel> <polarity> - invert polarity

pwm config <pwm_dev_num> <channel> <period_ns> <duty_ns> - config PWM
pwm enable <pwm_dev_num> <channel> - enable PWM output

pwm disable <pwm_dev_num> <channel> - eisable PWM output

Example for blink LEDs

MT7986> pwm config 0 0 1000000000 500000000
MT7986> pwm enable 0 0

MT7986> pwm config 0 1 1000000000 500000000
MT7986> pwm enable 0 1

In MT7986, please set <pwm_dev_num> to 0, set <channel> according pwmO / pwm1
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7 MT7986 Qualified Vendor List (QVL) Table

7.1 Introduction

This document describes the MT7986 qualified Crystals, DDRs and all types of flash
memory that MT7986 SDK support. The DDR type is including DDR3(x16), DDR4 (x16). The
Flash type is including Serial NOR, SPIM-NAND, and eMMC. Customers are strongly
recommended to design in with those parts that have been qualified by MTK. QVL list in this
document will not keep to update, please visit MOL/QVL for the latest QVL list.

Website:
http://online.mediatek.inc/qvl/_layouts/15/mol/qvl/ext/QVLHomeExternal.aspx

7.2 OSC spec and Xtal QVL

MT7986 support 40MHz OSC source from MT7976 and MT7975 (Clock out to MT7986 the
clock source guarantee by MTK, it doesn't need to measure Clock quality, MTK fully did
stress test already)

External oscillator only for no-A-die (no MT7976 or MT7975)
External OSC spec table as below table.

Clock frequency 40 40 MHz
Frequency deviation +0 +50 ppm
Skew ps
Duty cycle 45 55 %
Rising Time (Tr) 1000 ps
Falling time (Tf) 1000 ps
Jitter rms 0.15 ps
Jitter pk-pk ps
input high voltage 0.8 1.9 Vv
input low voltage -0.3 0.3 V

Table7 -1 OSC Spec Table

OSC part MTK test as below (only check mini HQA)
TST/ TWO0473E, Siward/SCO-H586_0SC81, with 150/100 ohm as voltage divider (please
check HDK).

1. Verify POR @-40 and 80 degree C with Corner Chip SS/FF 4pcs, cold start to boot and ethernet
ping function (DDR/Flash read, SGMII ping)
2. USB/PCle eye Sl check okay.
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MT7976 and MT7975 Xtal spec as below

MT7986 HW Application Note

Iltem MT7975 MT7976
Nominal Frequency 40MHz 40MHz
Size 3.2mmx2.5mm 3.2mmx2.5mm
Operating Temperature Range -40°C to +125°C -40°C to +105°C

Frequency Tolerance (FL)

+/-7 ppm @ 25°C +/- 3°C

+/-7 ppm @ 25°C +/- 3°C

Frequency Stability over Operating
Temperature

+/- 20 ppm (referred to the value at
25°C) -40°C to +100°C

+/- 15 ppm (referred to the value at
25°C) -40°C to +100°C

+/- 10 ppm (referred to the value at

+/- 20 ppm (referred to the value at

25°C) 100°C to +105°C 25°C) 100°C to +105°C

Equivalent Series Resistance (ESR) |30 Q max. 15 Q max.
Drive Level(DL) 100uW max 400uW max
Shunt Capacitance (Co) 3.0 pF max 3.0 pF max
Load Capacitance (CL) 11pF 10 pF

No this information

Trim Sensitivity Over Load(Ts) 10~13 ppm/pF

QUVL list, please check MOL
MOL Website:
http://online.mediatek.inc/qvl/_layouts/15/mol/qvl/ext/QVLHomeExternal.aspx

7.3 SPI2 Serial NOR Flash memory (3.3V only)

MT7986B SPI NOR Flash QVL will separate phasel, Phase2, Phase3 to release. Below
table only list phase 1 QVL. If you want use other Flash source, please contact software
Engineer for support. This document will not keep to update, the final update, please visit

Website:
http://online.mediatek.inc/qvl/_layouts/15/mol/qvl/ext/QVLHomeExternal.aspx

Vendor Part Number Density Package QVL Plan
MXIC MX25L12833F (RFB on board) | 128Mbit SOP-8 Phasel
MXIC MX25L25745G (4B) 256Mbit SOP-16 Phasel
MXIC MX25L25645G 256Mbit SOP-16 PASS
MXIC MX25L51245G 512Mbit SOP-16 PASS
Winbond W25Q128JV (RFB on board) 128Mbit SOP-8 PASS
Winbond W25Q256JV 256Mbit SOP-16/WSONS8 Phasel
Winbond W25M512JV 512Mbit SOP-16/WSONS8 PASS
GigaDevice GD25Q128E 128Mbit SOP-8 PASS
ESMT EN25QH256A 256Mbit SOP-16 PASS
Cypress/Infineon | S25FL256LAGMFI000 256Mbit PASS

Table 7-2 SPI Nor Flash QVL Table
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7.4 SP12(SPIM)-NAND Flash (3.3V only)

SPI2(SPIM)-NAND boot doesn’t support Host ECC, SPI2(SPIM)-NAND support Flash ECC, the
ECC algorithm depended on flash. Some of Flash can’t be used for this interface, example
MX35LF1G24AD-Z4l, It doesn't need convert image files by MTK BCH tool.

For programmer, select the part doesn’t need to include Spare Area, MUST enable ECC.
Reference programmer:

httg:[[ww.dedigrog.com[

“Information-

Byte Sum v i Range | 0x00BDOBCET4
Device: SPI_NAND - MX35LF1GE4AB(WSONS)
L Source:  D/\FW\Andly ChangWEG20443-ZZ\SPIM-NAND-single-image-mk3153-20210625 bin
| DatalOption Motw:  [RHHIB0WSONGxE |
[ AT T I— Online Checksum[Total: ~ OxBDOEBCHT74
Akdit ) ESE e 1 i 2 a
— [2021/07 /01 - 1413:55] ALL RUN Time = 15.335 s -
M 2021/ 07 /01 - 19:55:08] Hardwar Int Setting
i [2021 07 / 01 - 19:55:08] Hardware Init Setting Done
¥ B Confim.. ) [2021/ 07 / 01 - 19 55.08] Driver INI Setting
[2021/ 07 / 01 - 19:55:08] Dnver INI Setting Done
W 12021/ 07 / 01 - 18.56-08] Check CRC32 of Driver
[2021/07 / 01 - 18 55:08] Check CRC32 of Driver Done
H.save . J 12021/ 07 / 01 - 19.55-08] FPGA nit
[2021/ 07 / 01 - 19:55:09] FPGA Ink Dane
[2021 107101 - Device Select = SPI_NAND - MXI5LF1GE4ABAISONS)
Precedir : R e e
r’ﬂ’m 12021707 / 01 - 19.55-19] Load File
\SaBankhecke) [2021/07 7 01 - 18-55:13] Detect File
i [2021 /07 / 01 - 19/55:20] Binary File Detect Done
4 | &) Program [2021/07 7 01 - 15-55:20] Create Binary File
T [2021/ 07 / 01 - 19:56:20] Create Binary File Finish
1| B4 Verify ) [2021/ 7 /01 - 19 55:20] Create Temp File
| [2021 107 /01 - 19:65:20] Create Temp File Fimsh
@ Protect ) [2021/ 07 / 01 - 18'56:20] Calculate Checksum il
[2021/ 07 / 01 - 19.55.20] Calcuiation Byle Sum in Range of [0x0000000000, 0x000121FFFF]
| £lAuto Run [2021 /07 / 01 - 19-65-20] Calouiation Byte Sum = 008D0BCE74
[2021/ 07 / 01 - 19:55:20] Calculate Checksum Finish |2
[2021/07 / 01 - 19:55:20] Load File Finish
[2021/07 7 01 - 19:55:20] Total Memary Checksum = 0xBD0BCST4
F e h PASS: 2 10000%
inis ———
i TOTAL: 2

% ALL-300G = O

File Program Drivers Utility Help

0D 2&E8 0

lWINBOND " W25N01GVZEXG(WSON8-6"8)(enECC) ™ UHD-SEEP-SN8C VI

® Search Device O Select Manufacturer

Part Number : |W25ND1 GVZE

Manufacturer Part Number HEAD

WINBOND W25N01GVZExR(WSON8-6"8)(enECC) UHD-SEEP-SN8C
WINBOND W25N01GVZExR(WSONBS-6"8)(disECC) UHD-SEEP-SN8C
WINBOND W25N01GVZExG(WSONB8-6"8) enECC) UHD-SEEP-SN8C
WINBOND W25N01GVZExG(WSONB8-6"8)(disECC) UHD-SEEP-SN8C

MT7986 MediaTek proprietary and confidential Page 88 of 92


http://www.dediprog.com/

MT7986 HW Application Note

-

File Functions Proge| ~~
File

% 2; Bead | &7 Auto Image File

Dﬁ' ECC Builder : |None « ECC Setting _
Manufacturer :
Block Offset  Block Size File Name L¢ Delete
pevice: W |» NN 125 SPIM-NAND-single-image-mtk3141-20210624.bin | 19C
Delete All
Driver Version : D
HEAD :
* = |
Down
1G-bit Serial NAND F| g":;]
Page Size : (2048 + 64 « >
Block Size : 64 Pages
Device Size: 1024 Bl
Partition Table
Partition Count : 1£
Number Start Block End Block Used Block Request Good Blocks
I 1023 145 £

Below table only list SPI-NAND QVL test pass and phase 1 test plan list. If you want
use other Flash source, please contact software Engineer for support. This document will
not keep updating, the final release, please visit

Website:
http://online.mediatek.inc/qvl/_layouts/15/mol/qvl/ext/QVLHomeExternal.aspx

Vendor Part Number Density Uboot QVL test Note
Winbond W25N01GVZEIG (RFB on board) 1Gbit PASS
Winbond W25N02KVZEIR 2Gbit PASS
Gigadevice GD5F1GQ5UEYIG 1Gbit PASS
Gigadevice GD5F1GQ5UEYIH 1Gbit PASS
Gigadevice GD5F2GQ5UEYIH 2Gbit PASS
MXIC MX35LF1GE4AB-Z4I (RFB on board) | 1Gbit PASS
MXIC MX35LF2GE4AD-Z41 2Gbit PASS
MXIC MX35LF4GE4AD-Z41 4Gbit yes Phase 1
ESMT F50L1G41LB-104YG2ME 1Gbit PASS
ESMT F50L2G41KA-104YIG2V 2Gbit PASS
ESMT F50L4G41XB-104RAG2X 4Gbit PASS
KIOXIA TC58CVG1S3HRAIG 2Gbit PASS

Table 7-3 SPIM-NAND QVL Table
7.5 eMMC Flash Memory

MT7986A only support 1.8V eMMC NAND Flash memory, and MT7986B/C only
support 3.3V eMMC v4.5 NAND Flash memory, QVL part use 8 bit data and compatible with
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eMMC 4.5 above. Below table only list QVL pass and phase 1 test plan. If you want use other
eMMC Flash source, please contact software Engineer for support. This document will not
keep updating, the final release, please visit
Website:
http://online.mediatek.inc/qvl/_layouts/15/mol/qvl/ext/QVLHomeExternal.aspx

The Phasel QVL table as below

Vendor Part Number MT7986A (1.8V) MT7986B/C (3.3V) Package Density Note
KIOXIA THGBMNGS5D1LBAIL eMMC V5.1, not test | eMMC v4.5, not test BGA-153 4GB Phase 1
KIOXIA THGBMJG6C1LBAIL eMMC v5.1, PASS eMMC v4.5, not test BGA-153 8GB
KIOXIA THGAMRG7T13BAIL eMMC v5.1, PASS eMMC v4.5, not test BGA-153 16GB
Mxict MXS2EMO8AT W eMMESHFAHR eMMEv45FAR 153BGA 6B Phaset
Samsung | KLM8G1GETF-B041 eMMC v5.1, PASS eMMC v4.5, not test BGA-153 8GB
Samsung | KLMAG1JETD-B041 eMMC v5.1, PASS eMMC v4.5, not test BGA-153 16GB

Table 7-4 eMMC Flash QVL Table

7.6 DDR3 QVL

MT7986A support external DDR3, QVL Qualify status as below table:

This document will not keep updating, the final release, please visit

Website:
http://online.mediatek.inc/qvl/_layouts/15/mol/qvl/ext/QVLHomeExternal.aspx
Vendor Vendor P/N RAM Size Qualify MOL
Status Publish Status
Nanya NT5CB256M16ER-FLI DDR3-2133 256Mx16bit=4Gb PASS Publish
Nanya NT5CB128M16JR-FLI DDR3-2133 128Mx16bit=2Gb PASS Publish
Winbond W634GU6QB-09I DDR3-2133 256Mx16bit=4Gb PASS Publish
Winbond W632GG6NB-09 DDR3-2133 128Mx16bit=2Gb PASS Publish
Winbond W632GG6QB-09I DDR3-2133 128Mx16bit=2Gb Corner Sl on going, 2022/4/E
test okay
ESMT M15T4G16256A-EFBIG2S | DDR3-2133 256Mx16bit=4Gb PASS Publish
ESMT M15T2G16128A-EFBIG2R DDR3-2133 128Mx16bit=2Gb PASS Publish
ETRON EM6GE16EWAKG-09H DDR3-2133 256Mx16bit=4Gb PASS Publish
ETRON EM6GD16EWBH-09G DDR3-2133 128Mx16bit=2Gb PASS Publish
Table 7-5 DDR3 QVL Table
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7.7 DDR4-3200 QVL

MT7986A support external DDR4, Plan QVL table as below:

This document will not keep updating, the final QVL release, please visit
Website:
http://online.mediatek.inc/qvl/_layouts/15/mol/qvl/ext/QVLHomeExternal.aspx

Vendor Vendor P/N RAM Size Validation Speed = MOL Publish Status
Samsumg | K4AAAG165WA-BCWE** 1GBx16Bit=16Gb DDR4-3200 Publish

Samsumg | K4A8G165WC-BIWE** 512MBx16bit=8Gb DDR4-3200 Publish

Samsumg | K4A4G165WF-BCWE** 256MBx16Bit=4Gb DDR4-3200 Publish

Micron MT40A1G16KD-062E:E 1GBx16Bit=16Gb DDR4-3200 Publish

Micron MT40A512M16TB-062E:R 512MBx16bit=8Gb DDR4-3200 Publish

Hynix H5AN8G6ENDJR-XNC 512MBx16bit=8Gb DDR4-3200 Publish

Nanya NT5AD512M16C4-JR 512MBx16bit=8Gb DDR4-3200 Publish

Nanya NT5AD256M16E4-JRI 256MBx16Bit=4Gb DDR4-3200 Publish 2022/4/13
Nanya NT5AD256M16E4-JR 256MBx16Bit=4Gb DDR4-3200 Publish 2022/4/13
ESMT M16U4G16256A-QLBIG2Z* | 256MBx16Bit=4Gb | Not test DDR4-3200 2022 Plan for test

S.

. GD GDQ2BFAA-CJ 4Gb(256MBx6Gb) TX calibration window size<16

P
1
2. *MTK plan to test after 2022/Mar.
3

**Due to Samsung few Yield rate issue, please check software Engineer to upgrade BL2 patch 2022/4.

Table 7-6 DDR4-3200 QVL Table

7.8 DDR4-2666 QVL

MT7986A support external DDR4, QVL table as below:

This document will not keep to update, the final QVL release, please visit
Website:
http://online.mediatek.inc/qvl/_layouts/15/mol/qvl/ext/QVLHomeExternal.aspx

Vendor Vendor P/N RAM Size Validation MOL Publish Status
Speed

Samsung | K4A4GI65WFBCTD® 256MBx16Bit=4Gb Noettestyet | DBR4-2666

Samsung | K4A8G165WC-BITD* 512MBx16bit=8Gb Not test yet | DDR4-2666

Micron MT40A512M16TB-062E:R * 512MBx16bit=8Gb Not test yet DDR4-2666

ETRON EM60OE16NWAKA-07H 256MBx16Bit=4Gb Not test yet | DDR4-2666

*(0~95'C)

ESMT M16U4G16256A-KIBIG2Z* 256MBx16Bit=4Gb Not test yet | DDR4-2666

Nanya NT5AD256M16E4-JRI* 256MBx16Bit=4Gb Not test yet | DDR4-2666

Nanya NT5AD512M16C4-JRI* 512MBx16bit=8Gb DDR4-2666 MOL Publish
&b GDQO2BFAACQXE 256MBx16Bit=4Gb Noettestyet | DBR4-2666

* Plan to test after 2022/Mar.

MT7986

Table 7-7 DDR4-2666 QVL Table
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8 Disclaimer

Proprietary Notice and Liability Disclaimer

The confidential Information, technology or any Intellectual Property embodied therein,
including without limitation, specifications, product features, data, source code, object
code, computer programs, drawings, schematics, know-how, notes, models,

reports, contracts, schedules and samples, constitute the Proprietary Information of
MediaTek (hereinafter "Proprietary Information").

All the Proprietary Information is provided "AS IS". No Warranty of any kind, whether
express or implied, is given hereunder with regards to any Proprietary Information or the
use, performance or function thereof. MediaTek hereby disclaims any warranties,
including but not limited warranties of non-infringement, merchantability, completeness,
accuracy, fitness for any particular purpose, functionality and any warranty related to
course of performance or dealing of Proprietary Information. In no event shall MediaTek
be liable for any special, indirect or consequential damages associated with or arising
from use of the Proprietary Information in any way, including any loss of use, data or
profits.

MediaTek retains all right, title or interest in any Proprietary Information or any
Intellectual Property embodied therein. The Proprietary Information shall not in whole or
in part be reversed, decompiled or disassembled, nor reproduced or sublicensed or
disclosed to any third party without MediaTek's prior written consent.

MediaTek reserves the right, at its own discretion, to update or revise the Proprietary
Information from time to time, of which MediaTek is not obligated to inform or

send notice. Please check back if you have any question. Information or items marked as
"not yet supported" shall not be relied on, nor taken as any warranty or permission of
use.
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