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2 Important Notice

For the performance consideration, the critical components show, no-change & critical parts,
in the application note please follow MTK QVL design.

Crystal

DDR

Flash

PMIC

The E-Cap of the 3.3V Power supply out.

SNk W=
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List of Tables

3 Product Requirement Document (PRD)

The following table covers the main features offered by MT7981B. Overall,

Feature Description |
CPU ARM CA53 (1.3GHz, Dual-core)
I-Cache, D-Cache 32kB, 32kB per core
L2 Cache 256KB
Security Support 2* 256-bit Multi-key on OTP efuse
Support 64 versions OTP efuse for Anti-roll back
DRAM data 16bit KGD
DDR3 2133 Mbps
WIFI 2x2 11ax 2.4GHz + 2x2’ 11ax 5GHz
Integrated PA, LNA and TR-SW 20/40/80/160MHz bandwidth
Support up to 1024QAM
Support external LNA and PA support (option)
Ethernet HSGMII x 2
HNAT/HQoS HQoS 128 queues, SFQ 1K queues
HNAT (IPv4, IPv6 routing, DS-Lite, 6RD, 6to4)
USB USB3.0 x 1(co-pin w/ SGMII)
SPI NAND Flash ECC (BCH code) acceleration capable of 24-bit error correction
(w/. ECC engine)
SPI Flash (NOR) Max 46MHz
data bit width x1/x2/x4
Support 4-byte address mode compatible with 3-byte address mode
eMMC eMMC v4.5 @50MHz 3.3V
12C 2Cx1
100kHz, Support 7/10-bit addressing
SPI SPIx 1
Support DMA and FIFO mode
UART UART-Lite(2-pins) x 1
UART(4-pins) x 2
Package 13 mmx 11.7 mm, BGA
Table 3-1 : MT7981B main feature list
MT7981B MediaTek proprietary and confidential Page 8 of 76
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4 Hardware Design Kit (HDK)

This application note records the details of MT7981B HW settings. Compared to the MT7981B
datasheet, this supplement document is conveniently used during customer board level bring-up.

4.1 Schematic

411 16bit DDR3 DRAM

The DDR3 Controller embedded in MT7981B, EMI_EXTR resistor is 40.2 ohm/1% and the DRAM
ZQ resistor is 240 ohm/1%.

DDR3x16

EMIO_DMO u7
V0D T5-| EMIO_DMO
—————— EMI0_DM1
EMIO_DQSO_C  v7
- » Us | EMI0_DQs0_C
EMIO_DQSO_T

EMIO_DQS1_C T8
: = =8| EMIO_DQs1_C

MT7981B

EMIO_DQS1_T
1 1 5
close to U
ute % « 2 3 88
EMI_EXTR o m' D{' m' n:ln:l
['4 o Q B [aYa)
Fa5es wl QI D‘ DI DIOI
402R1% o) 2 2 8 88
> o o o [aYa)
< > > > >>
—— ~ o o o~
=— MT7981_BGA b s = '5' 22
DDR3 40.2 ohm 1.8VDO
DDR4 100 ohm
EMIO_DQS1_T 7
EMU_DUST.C g7 | UDQS

EMO_DQSO_ T F3 | UDQS#

EMIU_ DQSU_C a3 | LDQS
"EMIO_DMT D3 | LDQS#
Ewo oMo g7 | UDM
= LDM
VREF_EMI H1
> » ve | VREFDQ
EM]O_L‘E‘SET]VT VREFCA
C738 | RESRTE
0.1uF 2Q
C0201
R396
—— 2400

VDD_EMI

/1%
R0402

7 o

S5

Fig 4-1 : The DRAM reference registers
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DDR_VREF wire to EMI TP for DRAM calibration, and schematic reserve VREF 0.1uF and as
voltage divider 1K/1% tolerance.

DRAM VREF

VDD_EMI
P T c7156 R9260
i =T0.uF 1KN% :
o
VREF_EMI
+ 7| crise B261 7| crise
! =—=0.1uF KM%  =—O0fuF
|~ .
= Place between Main chip & DRAM

Fig 4-2 : The capacitors of DRAM VREF

41.2 USB2/3 design
USB2 1 is used for USB3 connector

u2_1_use_ou 1 o1
e oloae
co-layout
o ol
OR
1opFM_[ ] 1 N
SSuse_TxP [\ i S8l oMt R e
e A L3 pywaeny K 1 2 e sl g 2 13
2 {7 it iy USB3 Port S LN A ]
wow, | EB | St - s g
p3 * e — 55X+ 5_oND
il ) J ST 4
I ool I 3 SSUSB_RXP_1 \Jr\ . GND
peadd I3 SeueT RN 1 1 & |SSRX+ VEUS gy veuss
Eiidndl 1 SSRX- NC
" \/ U305 T
ssuse_mxp A Differential 9 hm
2 ? H 1ot 10 |
200t 2n
\ | B
W/ TCROSOMU002NI
®, OR

Fig 4-3 : USB2_1/USB3
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413 Power cap list

Table 4-1 displays the de-coupling cap values of the power trace. The placement guidelines is small
capacitors close to MT7981B main chip and the large capacitors are near to the power source.

0.87V/AVDD18/AVDD12/AVDD09
Pin name de-coupling cap value

DVDD CORE 0.87V/4.1A (0201 1uF*7+ 0201 0.1F*6+10uf)
AVDDI18 WBG cap value: 1uF+0.1uF

AFE AVDDI12 WBG cap value: luF+0.1uF

BG OUT 1uF

REFP 1uF

VQPS 1.8VD 0.1uF+1uF(no use, tied to GND)
U3 AVDDO09 SSUSB cap :0.1uF+1uF

USB3 U3 _AVDDI18 SSUSB cap :0.1uF+1uF

AVDDI18 USB cap :0.1uF+1uF (share u3,
work for u3 or u2)

USB2 AVDD33 USB cap 0.1uF+1uF
AVDDO09 SGMII cap :0.1uF+1uF

(H)SGMII AVDDI18 SGMII cap :0.1uF+1uF

DRAM follow HDK

DRAM

controller follow HDK

Table 4-1 : Power cap list
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4.1.31

AVDD1E o

08VD o

AVOD1E o

MT7981B HW Application Note

U3/HSGMII Power cap

GBE_IXVP_C_PU

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

N20

TAYN_C U

U2_1_USBLDM g GBE_TXVN_C_PO gy ——F*¥P5-R6——
2+ 43B—BP— 5| USB_DM GBE_TXVP_D_PO [1g——FX¥N-DPE——
USB_DP GBE_TXVN_D_PO
i REXT T19 REXT
X5 PCIE_CKN R18 AVDD18_COM
X— PCIE_CKP AVDD18_COM —p71g o
i AVDD33_[D_PO
X—G7 PCIE_LNO_RXN
X—=— PCIE_LNO_RXP
x% PCIE_LNO_TXN
X—=- PCIE_LNO_TXP
AVDD18_USB Ja
AVDDSS_USB—«z | AVDD18_USB
AVDD33_USB K20 HSGMII_TXN
AVDDO09_PCIE G4 SGMII_LNO_TXN WHSG‘MH:T'XP—
'*V‘B‘B"‘ejpeﬂ:—m AVDDO09_PCIE SGMII_LNO_TXP m—H‘SG‘MH:R*P‘—
AVDD18_PCIE SGMII_LNO_RXN [—jqg—— HSSMH_RXN—
SGMI_LNO_RXP
H19 AVDD18_SGMII
AVDD18_SGMIl —7g =
AVDDO09_SGMII
NeAMDL 1N AVDD18_PCIE NCAMODX 1ML AVDD18_SGMII Ao v
R515 1 2 = AVDD1E o R518 1 2 & T A — T
7| cre Tje7e 7] cr0 T2 3.3va
o W 0w | W foauE o Jero
N a1 = AVDD0G_PCIE o IO s ke = Avooos_semi a|1F otuF
7] cr22 Tjera 7| c72s Tjer2s =
L :;'“‘ :—WF oforr NCMMDIL14MIL
= =t —_— i 2 AVDD33_USB
= 33vD L e e T avoosstoro 7| cr2s Tfer2s
7] css2 T|esss :_ms ‘:;_“,F
o Joree - N
T PR AVOO1S:VS 18V R N T Avooscom
7] era1 Tera2 7] cses T|cser
o fore o Joree
Fig 4-4 : U3+HSGMII Power caps
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4.1.3.2 DRAM Power Caps

Please follow HDK to add SOC_DDR Controller Caps follow HDK

WDD_EMI DVDDoE

i I

k?iﬁﬂkﬂﬂknﬂ& | CT166 iﬁﬂ :Lcaza %

%ﬂF q TuF :Pui:ﬂﬂﬂﬁﬁﬁmﬂ-w NFEUFICIJEIJI $.1UF | O10F
81 .

CT1807| CT181 T co2g

Joro]c
N':‘WFT

|||4—||~

VDD_EMI

734 G?119£?11Eiﬂ?12ﬂ:{£?1ﬂ" CF116$?121£?11?1{2?3& | c7as”| cries

ea| DTUF H|-::|.1-..F %.mF %.m: %.mF q;.qu N|-::.1uF %.h:F %.NF o o| 4TUF
e o - = E b T 22uFS0AXERE 3V

=

Fig 4-5 : DRAM controller and DRAM Power Cap

4.1.3.3 VCCK CORE Power cap

Please follow HDK to add VCCK for power pin.

VCCK

C574 | C585 | C576 | C577 | C589 | C579 | C58T |C5837| C584 | C588 | CT71 C7149

AT~ :’:
10uF/0603eQ'5R!25V:JB_1ug, 0.1uk|0.1uR,| 0.1uR,| 0.1uR 0.1uq7uF :,PuF ;PuF:PuF :PUF :,PUFN 1uF

Fig 4-6 : VCCK Power caps
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925 | A

41.4 MT7981B+MT7976C Power Plan
Current Limit
Low-Side Switch Valley Current Limit | In L | | 525 | 7.25 |
VCCK peak current (4.14) for RT6255BHGIGF is fine.
* RX High Rate + High Temp + Fading channel + CPU busy
| 1230.8792v/5a * 0.872V/1.7A [AVG)
| (RT6255BHGIGF] * peak : 4.1A
3.3\!!0.64& a
3.3V318V/0.3A 1.8V/0.1A
{RTI078N-08GJ5)
MT7981
LBU>0.9V/0.3A 0.0V/0.08A
| 12=233v/aa gl mmma‘;mj
RT6254BHGIGF,
{ ! _ [ 1ev>12v/0.3a 1.2V/0.05A
I ;nmmms; | ’
I.S\Jtl].EA N
3.3V 1.5V/0.58 1.5V/0.3A ’
(RT9081AGQZA) -
ey DDR3
2v0c | sovjosen =
Adaptor >
3.3V/2A =
- MT7976C
o 1221.8v/3A 1.8V/0.0A
"| (rRT6253BHGIEE) -
3.3V/0.6A
*  mMT7531
1.15V
i 12933V 2A 3.3V/1.7A[max) Maxlinear
"\ [RT6252BHGI6F) GPY211
1235y SV/0.9A
3 ey USB 3.0
(RT6252BHGJ6F)

Fig 4-7 : MT7981B + MT7976C power plan

The MT7981B+MT7976 total core powers are mentioned in Table 4-2 (refer to the power plan
example of Fig 4-4)

Type PN Input Output Current(mA) Enable pin

BUCK RT6254B 12 33 3350 12V
BUCK RT6255B 12 0.87 4100 12V
BUCK RT6252B 12 1.8 1650 12V
LDO RT9078N-08(ad;.) 1.8 0.9 80 1.8V

LDO RT9078-12GJ5/GQZ 1.8 1.2 70 1.8V

LDO RT9078-18GJS/GQZ 33 1.8 100 1.8V
LDO-DDR3 RT9081 (500mA) 1.8(3.3) 1.5 350 1.8V

Table 4-2 : MT7981B+MT7976 power table
MT7981B MediaTek proprietary and confidential Page 14 of 76
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41.5
3.3V
0«85V
1.8V
LDO 0.9V
LDOQ 1.2V
LDO 1.8V
LEOD 1.9%
SYSRST B
4.1.6 Reset

Fig 4-9 : Reset circuits.

MT7981B power on sequence

Fig 4-8 : MT7981B power on sequence

—SPiwP—————7
3.3VD — U1
e
= U2
~ Reset
D500 Circuit
i R507
1N4148/N1 p 20KR
ol - R508
P SYSRSTB N2
29R TESTMODE MUST Tie to GND Fie
“|Rs10 e
T~ —_ R1
- H
|4.7UF/0402/X5R PMU_RSTB_18 B4
- 5] pmu_rsTe 18 K
= RSTB reset A die .|[| 2 || 1 BG_ouT A4
[ c7109 IM1uF

MT7981B

Fig 4-9 : Reset circuit

MediaTek proprietary and confidential

SPI2_CLK
SPI2_WP
SPI2_HOLD

SYSRSTB
TESTMODE
SYS_WATCHDO
POR_RSTB
POR_BG_OUT
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41.7 GPIO definition
Pin Name Aux Func.0 Aux Func.1 Aux Func.2 Aux Func.3
GPIO_WPS B:GPIO0O
GPIO_RESET B:GPIO1
SYS WATCHDOG B:GPI02 0:SYS_ WATCHDOG
JTAG_JTDO B:GPIO4 O:JTAG JTDO 0:WM_JTAG JTDO 11:UART2 RXD
JTAG JTDI B:GPIO5 11:JTAG _JTDI 11:WM_JTAG JTDI O:UART2_TXD
JTAG_JTMS B:GPIO6 B1:JTAG_JTMS 11:WM_ITAG_JTMS 11:UART2_CTS
JTAG_JTCLK B:GPIO7 11:JTAG_JTCLK 11:WM_JTAG_JTCLK O:UART2_RTS
JTAG_JTRST_N B:GPIO8 10:JTAG_JTRST_N 10:WM_JTAG_JTRST_N 0:GBE_LEDO
WO_JTAG_JTDO B:GPIO9 0:WO0_JTAG_JTDO
WO_JTAG_JTDI B:GPIO10 11:WO0_JTAG_JTDI
WO_JTAG_JTMS B:GPIOI11 B1:WOO0_JTAG_JTMS
WO _JTAG JTCLK B:GPIO12 11:WO0_JTAG JTCLK
WO _JTAG JTRST N B:GPIO13 10:WO0_JTAG JTRST N 0:PWMO 0:GBE_LEDI
USB_VBUS B:GPIO14 O:DRV_VBUS O:PWM1
PWMO B:GPIO15 0:PWMO O:EMMC RSTB O:PWMI1
SPI0_CLK B:GPIO16 0:SPI0_CLK B1:EMMC_DATO O:SNFI_CLK
SPI0_MOSI B:GPIO17 B0:SPI0_MOSI B1:EMMC DATI BO0:SNFI_MOSI
SPI0_MISO B:GPIO18 B0:SPI0_MISO B1:EMMC_DAT?2 BO:SNFI_MISO
SPI0_CS B:GPIO19 0:SPI0_CS B1:EMMC_DAT3 O:SNFI_CS
SPI0_HOLD B:GPI020 B0:SPI0_HOLD B1:EMMC_DAT4 BO:SNFI_HOLD
SPI0_WP B:GPIO21 B0:SPI0_WP B1:EMMC_DATS5 BO:SNFI_WP
SPI1_CLK B:GPIO22 0:SPI1_CLK B1:EMMC_DAT6 11:UART2_RXD
SPI1_MOSI B:GP1023 0:SPI1_MOSI B1:EMMC_DAT7 O:UART2_TXD
SPI1_MISO B:GPIO24 10:SPI1_MISO BI:EMMC_CMD 11:UART2_CTS
SPI1_CS B:GP1025 O:SPI1_CS B1:EMMC CLK O:UART2_RTS
SPI2_CLK B:GPIO26 0:SPI2_ CLK 11:UART1_RXD
SPI2_MOSI B:GPIO27 B0:SPI2._MOSI O:UART1_TXD
SPI2_MISO B:GPIO28 B0:SPI2_MISO 11:UART1_CTS
SPI2 CS B:GPIO29 0:SPI2 CS O:UART1_RTS
SPI2_HOLD B:GPIO30 B0:SPI2_HOLD 0:WF2G_LED
SPI2_WP B:GPIO31 BO0:SPI2_WP 0:WF5G_LED
UARTO_RXD B:GPIO32 11:UARTO_RXD
UARTO_TXD B:GPIO33 O:UARTO_TXD
WF2G_LED B:GPIO34 0:WF2G_LED BI1:PCIE_CLK_REQ
WF5G_LED B:GPIO35 0:WF5G_LED 11:PCIE_WAKE_N
SMI_MDC B:GPIO36 0:SMI_MDC B1:12C_SCL 11:GBE_EXT MDC
SMI_MDIO B:GPIO37 B0:SMI_MDIO BI1:12C_SDA B1:GBE_EXT MDIO
GBE_INT B:GPIO38 10:MT7531_INT
GBE_RESET B:GPIO39
Table 4-3 : MT7981B GPIO definition
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4.1.8 Strapping option

MT7981B can option to boot from SPIM_NOR/SPIM_NAND/eMMC/SNFI-NAND.
The difference of SPI-NAND and SNFI-NAND is ECC Free.

01 SPIM  w/ an external on-die ECC flash (ECC Free)
11 SNFI  w/ an external no on-die ECC flash

PAD Name CR Address GPIO Number
{PWMO, USB_VBUS}
USB_VBUS GPIO14 00 : SPIM-NOR
01 : SPIM-NAND -->SD
10 : EMMC
PWMO GPIO15
11 : SNAND(SNFI)-->SD
SPI2_CLK GPIO26
- 1:40Mhz (A Die Xtal)

33D
S50 Jumper2 % fg&"
5 33vD
J5a7
USB VBUS zf- 1
el B |
1 _RE63 » 2
11 DIP3/P2.54 4/ DR P54 IUhiK
g’s;‘f éfﬁ'ﬁs " 40MHz as default

SPIZ to SPIM-NOR Flash SPI0 to SPIM-NAND/SNFI-NAND Flash

o IO ER v
keep layout trace shert
awp T

S VoG
S0MEI0 HICLDS [
WPe SCLK

| GHD SIFEIa

== WIS FINEQE SPIM HAMD
ECC Free WAND

SPIM-NOR S0P-8

o TEETIFRE LG

SPI Ner Flash SPT MNAND Flash

Fig 4-10 : MT7981B strapping option
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41.9

JTAG

MT7981B HW Application Note

GPIO_4~13 share w/ JTAG mode, GPIO4~8 internal pull up, the schematic change these signal pull
up to prevent current leakage.

Pin Name Aux Func.0 Aux Func.1
JTAG_JTDO B:GPIO4 0O:JTAG_JTDO
JTAG_JTDI B:GPIOS 11:JTAG JTDI
JTAG_JTMS B:GPIO6 BLIJTAG JTMS
JTAG_JTCLK B:GPIO7 11:JTAG_JTCLK
JTAG_JTRST_N B:GPIOS8 10:JTAG_JTRST_N
WO_JTAG_JTDO B:GPIO9 0:WO0_JTAG_JTDO
WO_JTAG_JTDI B:GPIO10 11:WO0_JTAG_JTDI
WO_JTAG_JTMS B:GPIO11 B1:WOO0_JTAG_JTMS
WO_JTAG_JTCLK B:GPIO12 11:WO0_JTAG_JTCLK
WO_ITAG_JTRST N | B:GPIOI3 10:WO00_JTAG_JTRST N

default- JTAG CAS53

sw config

a3vo

Q

for WMO

JTRST_JITAG

default- JTAG_WOO

ITO

JTRST_WOD

TGS _JTAG

ITOT_WOU

TR ITAS

TTWS_WOT

JHTCE_JTAG

ITCR_WOT

IO ITAS

THICF_WOU] _ TP504

—a

SYSRETE

ITOC AT

)&éﬁ......mumu”

| Box Heade«_z.sa_zm/

MT7981B

o

SYSRESTE

i e A

Fig 4-11 : MT7981B JTAG
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4.1.10 TSAUX

TSAUS block is design for thermal sensor. TSAUX MD pin should be supplied by 1.8V. MT7976
has an internal thermal sensor too. Keep AUXINO0/1/2 floating or tie to GND in case the pin is not
used. SAUX REFP is sensitive and please keep away from any noise.

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

UARTO_RXD
G1e RO
UARTO_RXD [g&y7 HARTO—TAE

UARTO_TXD Il

Bl Lal kg

1
2
3
4

AVDD18
S — HEADER 4x1 i
E18 GPIO_RESET 2 RST_PBC 1KR “EH -
b ey s AuF
GPIO_RESET [Fy7 SPIOIWPS 55\ 5 .
oRrR g R9222
O0R
T o

GPIO_WPS REGs

T g TP2803

‘W’““? F20 T o TP2804 Keep AUXING/1/7 floating or tie to GND if not ud
AUXINT mE7g 1 2 TP280S

TSAU)?URXI;ES L REFP 12 I[I'

- C715 Il 1uF i

2 1
[-L -2 g 3

TSAUX_MD g i

R9223
N4 TK

a8

e B - E g 4

Fig 4-12 : TXAUS for thermal sensor

41.1 PLL
PLLGP_TP and PLLGP TN are internal debug pins, please keep floating.

L1 1
PLLGP_TP 2 7@ TPD1

PLLGP_TN ® TPD2

Fig 4-13 : PLLGP_TP/TN (internal debug pins)

4.1.12 CKSQ

Connect AVDD18 CKSQ to AVDDI18 with 1uF+0.1uF cap, and AVDDI12_ CKSQ connect to
AVDDI12 with 1uF+0.1uF cap.
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4113 AFE Control Signal

The control signal of TOP_CLK/HB0/HBO B are clock signal; One RC circuit for TOP_CLK signal
and two RC circuits for HBO & HBO B should be reserved to prevent WIFI RX desense.
And 4.7pF are recommended for the caps that are closed to MT7981.

Reserved for Desense
il 2 2 AAL . £3- We_ToP_CLK
VvV e T1 T
oA o2 Rsos WF_TOP_DATA
oR
N L PAD_XO_REQ c2
= BT WF_XO_REQ
= B=bmEte———rss-] WF_DIG_RESETB
WF_CBA_RESETB
PAD_HBO_B
WF_HBO_B -§§_ PAD_HBO 1 2 1 5 PAD_WF_HEQ
WF_HBO0 3 e e 1
WE_HB| FET—PABowrHBe— R501 = R9297 :L
e PABWFHBI—
WF_HB2 "g5 e oR = ¢ R c7199
WF_HB3 [Fra—PABWrHB— 4.7pF SpEMI
WF_HB4 —Ee——PAB-WWF—HBs— Ed i o
WF_HBS g PABWF-HB6— — =
WF_HBE [pg——PABTWFHB?— a :
WF_HB7 g7 PABhF—HBE—
WF_HBS —E;—F‘*B:WP_HBS—
WF_HBS —gg—PAB-IWFHB—
WF_HB10 e
PAD_HBO B 1 2 1 2 PAD_WF_HED_B
R500 =f R9298 i
R == cri08 R c7200
o 4mF o spEMI

for Desense

to MT7981

Fig 4-14 : TOP_CLK/HBO/HBO_B signal design

4114 AFE power Cap
1uF+0.1uF should be placed close to AVDD12 WGB/AVDDI18 WGB pins.

—

= =TT AVDD12 WEG
AVDD18_WBG

3 AVSE18_WBG
T AVSS18_WBG
i
1

AVSS15_WBG
i AVES15_WBG
AVDD18_WBG 1] Avssia_weG
7 AVSS1E_WBG

o555 BTE] AVSS12_WBG
& =] AVSS18_WBG
7] AVSS1E_WBG

0.1uF — AVSS1E_WEG
T AVsStewho
NCMMDILAMIL AVDD1Z_WBG -—D-g-mf’ AVSS18_WBG
ADDR2 o B540 1 a2 7] AVSS18_WBG
| csss i AVSS15_WBG

- b merd AVSS15_WBG
=] AVSS1E_WBG

N LR AVSS13_WBG

NC/MMDIL14MIL
AVDDIES g R538- 1 A aZ

P |
|
2 L1

20 1

Fig 4-15 : AFE power Cap
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4.1.15 AFE AIQ design guideline

1. WF2/3/4 1Q Pairs w/solid GND plane and via

2. Trace width 4/4/4mil

3. AIQ Length <35mm

4. Caps close to MT7976

5. 0.6pF on WF4 QP/QN pair only, other 1Q pairs with caps but NI.

WF3_IN
WF3_IP
GND
WF4_ON
WF4_IP

41

42

43

44
!”7‘5 GND

46

47
-i”i GND

49

50
1”—5 GND

52

53
-1”754 GND

55

56

57

58

59
-IH——au ND

81

82

83

B4

85

86

87

58

69

70

7
!”——Tz NC

e Bt e ks e o i bt b e T -3 Ll Lol Bl Do DLt o el T 1 et bl Rt
[/} o o o o
1 S¢ Z|a 0|0 | o 0| o Z| @ c| o £l o|o £ o i
l u[ o DI al ‘_I '_I '_I ‘_I NI N! c\.I NF nl rql ﬂl ml vl ‘rr t’_I “_I
|5 £|5 s|s £\ 5 [z |5 s\ 5 |z |5 | s :
1 i
: i
]
| 1
| |
'——-——-— —————— - . . S S S S S S S - S W S . S L I —————'

IN

WF2_IN
WF2_IP
WF3_aP
WF4_IN

ICHTEG  |C5765 IC6762

MO o a oM DEPF PEPF M
1005 Cq1005 cq1006 Cq1005 CQ1005 Cq1005 CQ1005 CQ1005

IC6767 C5755

L I

Fig 4-16 : AlQ design guideline
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4.1.16 WIFI RX desense by SGMII interference design notice

A 0805/0R resistor is recommended to be reserved on 1.8VD power trace.
A 0603/0R resistor is recommended to be reserved on 0.9VD power trace.

1.8V/3A
20 2641
RTE253BHGIEE TSOT236
. 3 C7088 | [01uF
viN  BOOT —{ 1801 [ & D
RO1ET T Raais | ?
| W | |
| cross | crion ROTB4 61K ag W 47 ISR L
== cT101 | l SRID ohm 0ehm [
[ 1our W0F | OAF B e o | RO1ES, _|. 7102 crios | erior | cioe | o7ins l
£ B 137K 1% = =
g T ZZpF 220F Izzur Izzu: 0.10F
RO183 7
- 10K ——C7103 J_
GND 04T0F | = = - .
= GHD GO GND GhD
e R188,
¢ 10K 1%
a0 Vout=0.765 (1+R1/R2)
For SGMII/USB3/PCIe Power (0.39V) Fosi
Current= 300mA Current=
08vD_1 0gvD
18vD 1 B g & 18VD_1
0 RE314 ?
+-- % LRSI I W AR S -+ -
| | L RETE BEK 3 j 0ohm T [ v RE16 BB
€108 — = —=C06 ] P CT06
anF | wF l c708 4TF T
R8T 70, 01F
80 9K I{} 1ul p—
iy et

Fig 4-17 : Solution for WIFI RX desense by SGMII interference
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4117 VQPS

VQPS for internal eFuse voltage supply, default tie to GND.

L. TUrFA

Fig 4-18 : vQPS pin should be connected to GND
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4.2 PCB Layout

4.21 4L PCB stack-up
PCB Stack up Impedance (mil)
Layer | Type | | Thickness (mil) DK Single end +-10% Diff end +/-10%
Top Side Solder Mask 0.80 mil EEmil)| 2%E | ohmfd | FH{E | 45 mi)| 2%E | ohm({d | Him(E
7.5(1.5) L2 50 49.71 6/4.5(5) 12 85 85.70
L1 TOP | Differential & Signal ppper+Platif 1.40 mil 5/4.5(4.5) 1L2) 90 90.59
4.5/5.55)] 12 100 99.57
Prepreg 4.85 mil 3.98
12 Copper 1.25 mil 6(7) Ll 50 49.55
Core 44.50 mil 4
L3 Copper 1.25 mil 6(1) 4 50 49.55 5/6(8) 90 89.32
Prepreg 4.85 mil 3.98

7.5(1.5) L3 50 49.71 6/4.5(5) L3 85 85.70
14 BOT Differential & Signal ppper+Platiy  1.40 mil 5/4.5(4.5) L3 90 90.59
4.5/5.5)) 13 100 99.57

Bottom Side Solder Mask 0.80 mil

61.10 mil

Totl 1.55 mm

Table 4-4 : 4L PCB stack-up
4.2.2 MT7981B RFB

For power on calibration, the antennas or 50 ohm loadings of the WiFi ports should be connected in
advance before the system power turned-on.

Fig 4-19 : MT7981B RFB Top view
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4.2.3 MT7981B reflow profile

G I Peak Temperature

| e 250° C Max
| 1 AR

O 2200 ; ;

S ! !

=] / %

it :

L T B | B e e s ;

o ~ 40~90 sec

o 150~ ;

g /

2  60~120sec

\ 3 | 6'C/sec max
rRTK-—— 3Clsecmax
Time (sec)
Notes;

1. Reflow profile guideline is designed for SnAgCu lead-free solder paste.

2. Reflow temperature is defined at the the lead of package.

3. MTK would recommend customer following the solder paste vendor’s guideline to design a profile
appropriate your line and products.

4. Appropriate Nz atmosphere is recommended since it would widen the process window and mitigate the risk
for having solder open issues.

Fig 4-20 : MT7981B reflow profile
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4.24 DDR PCB guidelines

= DDR signals group :
Clock group : MCLK P/N( < 20mm,Skew = ().5mm)
Data groups : DQS P/N. (length < 17mm , Skew < (.5mm,)
Data groups : DQM, DQ, DQS (length < 17mm , DQvsDQSvsDOQM Skew < 7mm)
Address, Command and Control group : Address ( includes BA ), Command ( /RAS,
/CAS, /WE ), Control ( /CS, CKE, ODT). (length < 55mm , Skew < 35mm)
Power groups : DVDDO08, VDDIO, VREF.
= Routing order:
1) Data, VREF, 2) Address/Command, 3) Control, 4) Clocks, and 5) Power
* Referenced to the solid ground plane.
* Layer transition should accompany GND via.
= Routing constraint:

-
i
-
-
-
o
»
-
*
o
L]
-
.

Lo ===

Fig 4-21 : DDR SOC and DRAM Power Cap placement
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4.2.5 uSB2/3

= Keep USB2 DP/DM and USB3 pairs (SSUSB_TX/SSUSB_RX) differential pairs routing
with well “GND shielding”.

= Impedance is 90-ohm £ 10% (differential)

= USB2.0 PCB routing P/N skew <50mils

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

= USB3.0 PCB routing P/N skew < Smils for total length from IC to Connector.

= USB_5V power trace >=20mil

U2_1_USB_DM
s K3
= K3 | USB_DM

USB_DP
TP2821 g 1 H3
TP2822 o 1 HZ| PCIE.CKN
PCIE_CKP
SSUSB_RXN Re1631 2 N SS_RXN_O a2
i RO1641 Z NI i &1 | PCIE_LNO_RXN
’ PCIE_LNORXP
F1
SGMII_RXN_GPY211 PCIE_LNO_TXN
SGMIL_RXN_GPY211 CRXPGPYZ Baies! = I F2 1 pCIE LNOTXP
SGMI_RXP_GPY211 AVDD18_USB

AVBBsLEE— s
©7078 0.1u - = i AVDD18_UsB
2 1

SSUSB_TXN | Rels7 1 2 N SS_TXN_0 AVDD33_USB

S 2] iRe1e8 1 Z NI RSl AVDDOS_PCIE ™
€7078 1/0.{uF = F4| AVDDOS_PCIE

AVDD18_PCIE
€713 0.u

SGMII_TXN_GPY211
SGMII_TXN_GPY211 {{-5ai 2 || 1 . R91691 2 0R

G S 2T
SGMII_TXP_GPY211 ég €714 1[01ul

RO1701 2 0R
F

Co-iayout’
MT7881_BGA

Fig 4-22 : USB3.0/USB2.0 layout notice
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6

MT7981B HW Application Note

HSGMII layout noitce

= Separate each HSGMII pairs (SGMII_TX / SGMII_RX) with “well GND shielding”
= SGMII 0 Impedance is 100-ohm = 10% (differential)
= SGMII 1 Impedance is 90-ohm + 10% (differential)(shared pin with USB3)
*  SGMII On board Trace<6000mils (base on PCBA & eye diagram margin).
=  SGMII PCB routing P/N skew < Smil for total length from IC to Connector.
= SGMIIL 0 TX/RX pairs P/N need to swap between MT7981 and MT7531
P(host) to N (device)
N(host) to P (device)
=  SGMII 1 TX/RX pairs P/N doesn’t need to swap between MT7981 and MT7531

[SGMII_0 SCH/PCB design]

HSGMII_TXN SGMII_TX_ F'

SGMII_LNO_TXN (o8 HEERH TR e e g SGMII_TX_P
SGMI_LNO_TXP o5 HSEMH_RXP : SGMIITTX N
SGMII_LNO_RXN 75 HEGHH—RM >§ HSGMM_RXP
SGMI_LNO_RXP SGMICRXN

Hig AVDD18_SGMII
AVDD18_SGMII |—j7g—AVBBBS-SEMi—
AVDD0S_SGMIl

MT7981B

LD

v O0Ig

DY DDIO

S ‘I
TIWRH TIRHY
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[SGMII_1 SCH/PCB design]

MT7981B

s5US8_RXN Eaias 2 N SERALD 82 | pciE_LNo_RXN
= RE1641 Z NI i Sl pCIETLNOTRXP
i F1
SGMII_RXN_GPY211 g ‘ F5| PCIE_LNO_TXN
| SGMI_RXN_GPY211 >SeMii-R¥P-aPY2+| Rl = PCIE_LNOZTXP
SGMI_RXP_GPY211 : AVDD18_USB
- ! AVDD18_USB
SSUSB_TXN €7078 0:du SS_TXN_O AVDD33_USB
J.ssaﬁalmp—zv e Z N e AVDDO9_PCIE =
= 2| _Rotee__1 2 NI = P
©7079 110.1uF P A
SGMII_TXN_GPY211 C7213”0‘:u o—— 2 R |
|SGMII_TXN_GPY211 <SEBMH—TAP—BF 2t AT T Retsed oot
ISGMII TXP_GPY21 1 L .
Co-layout e
L MT7981_BGA

Fig 4-23 : MT7981 HSGMII layout guideline
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4.2.7 Ethernet 10/100/1Gbps TX

» The Tx+/Tx- and Rx+/Rx- traces should always be as short as possible

* 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.

» Internal GPHY Trace<2500mils (highlight)

Fig 4-24 : The shielding line example of Ethernet layout

MT7981B MediaTek proprietary and confidential Page 30 of 76



MT7981B HW Application Note

4.2.8 Buck/LDO design

Most of the power domain of MT7981B are routing by power trace.
VCCK and VDD _EMI (DDR power) are routing by power plane.

Fig 4-25 : The power deign of MT7981B.
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4.2.8.1.1 VCCK voltage feedback pin design rule

= Short bar R9289 pads must be placed very closely to MT7981B DVDD CORE power ball
and the traces must be well grounded

= The VCCK CORE(0.87V) max power current is 4.1A, the power plant must be well and
shorten the distance between regulator and MT7981B to prevent voltage drop.
= The DVDD_CORE(0.87V) feedback signal Must leave noise signal far away, LX is noise

source

u
RT82658HGISE TSOT23.6 NCARMDAL1MML
L pree soor |S—S820 | |oser R9289 1 2

" [hee T

o e 1~ 2 . . ; .
0 68H TRPADE0) SR 68MN-D
SBRchm
Ro0s e 700 [ros1 [ross pere ey forss | crier
7 NF paF  puf Pk o
22 s

ND GND GND  GND  GND

H
8
2l
&'l

5 R2 ¥

RC delay to meet 3.3
Power On Sequence Timing

=]

o w0
Fig 4-26 : The VCCK CORE Feedback pin layout guidelines.
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Buck/LDOs layout guideline summary

RT6255BHGJ6F (0.872V)

The feedback components must be
connected as close to the device as possible.

Vout G K iti

ouT eep sensitive components away
TheRencomponentniish "”“ VouT from this trace. Suggestion layout
be connected to Vin. Court trace wider for thermal.
Suggestion layout trace R1 ‘—| |—‘
wider for thermal. R2

\ FBE[' 6 DBOOT_L L LXshould be connected to inductor by
Ren c Wide and short trace. Keep sensitive

ViN e=AAN— EN[ ]|

Suggestion layout trace

wider for thermal. \

RT6254BHGJ6F(3.3V)

The feedback components must be

N
&)

~

GND[3

DLXBT s

JVIN

components away from this trace.
Suggestion layout trace wider for thermal.

CIN.—”_‘
e |"\

connected as close to the device as possible.

Input capacitor must be placed as close
to the IC as possible. Suggestion layout
trace wider for thermal.

Vour Cout Keep sensitive components awa

R "l |“ VouT frompthis trace. Suggestion Iayou%
be connected fo Vin. Cout trace wider for thermal.
Suggestion layout trace R1 ‘—| |—'
wider for thermal. R2

\ FB 6 ]:IBOOT_L L  LXshould be connected to inductor by

Ren Cg Wide and short trace. Keep sensitive
ViIN =AA— EN T Jix Tl components away from this trace.
Suggestion layout trace wider for thermal.

Suggestion layout trace GND CIVIN

wider for thermal. \

MT7981B

Cm.l—”_'
1 =

MediaTek proprietary and confidential

Input capacitor must be placed as close
to the IC as possible. Suggestion layout
trace wider for thermal.
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RT6253BHGJ6F(1.8V)

Add extra vias for thermal dissipation

Keep the SW node at small

area and keep analog GND GND
components away from the Ceoor Re0OT
SW node to prevent stray S

00

capacitive noise pickup. ——

| Place the feedback
components next to the FB pin.

The VIN trace should

have enough width,

and use several vias to <

shunt the high input ) )

current. |_ Place the input MLCC capacitors as
close to the VIN and GND pins as
possible.

Connect feedback network
behind the output

RT6252BHGJ6F(5V)

Add extra vias for thermal dissipation

Keep the SW node at small

area and keep analog
components away from the

SW node to prevent stray
capacitive noise pickup. ——_ |

_ Place the feedback
components next to the FB pin.

The VIN trace should

have enough width,

and use several vias to <

shunt the high input ) ]

current. __Place the input MLCC capacitors as
close to the VIN and GND pins as
possible.

Connect feedback network
behind the output
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RT9081AGQZA(1.5V)
RT9078AGQZA(0.9/1.2/1.8V LDO)
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4.2.9 WiFi iPAILNA

For iPAILNA, from WFO0 to WF4, each port’s chip out to [-pex trace length should be kept the same
and the impedance is designed as 50 ohm to obtain the same RF performance at each I-pex port. For
RF and Xtal traces, the GND shielding vias along the RF traces are suggested/required. $E£22! $AF]
SHEAIE o lists the RF matching values and its component part numbers. The different value at

different RF streams are highlighted in blue color. The Tx/Rx RF performance may need to be
checked/tuned again if the component vendor is changed.

Fig 4-27 : MT7976 RF trace layout guideline
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— —
! vEs T ves
NO R NO
— «—
y YES t ves
NO NO
id —
v YES 1 ves
NO NO
L2 —

l YES T

How to Get Psat

Observing peak power index in WLAN tester Ul as below picture. Increasing wanted power until peak
power saturates. This point is Psat. MT7976 Psat specification should be around G band 28.5~29dBm,
A band 27.5~28dBm at IC chip out.

Measurement l Value l Unit Other Info:
ByAnalyzed Signal: 80':"2.11;/? iac:et'FI'ype
on- acket Format
Eower 2223 dBm 20 Channel BW (MHz)
Peak Power 2761 dBm 1 Analyzed Signals
Phase Error 0.92 deg 1 Spatial Streams
Frequency Error -32.42 kHz 1 Space-Time Streams
39 Symbols 64 Tones
| -12. m
Symbol Clock Error 200 pp v Gl it
LO Leakage -35.38 dB 7 Mod. & Coding Scheme
Amplitude Imbalance 0.03 dB BCC Coding Type
Phase Imbalance -0.09 deg 3/4 Coding Rate
By Stream: 540 Data Ra.te (Mbps)
64-QAM Modulation Type
EWM -21.95 dB 1028 PSDU Length (Bytes)
EWM (%) 799 % Passed PSDU CRC
EVM Data -2192 dB - -'“77
EVM Pilot -22.27 dB = WAL IS
Passed L-SIG Parity Check
10 L-STF Periods Detected

Fig 4-28 : iPA/iLNA RF matching
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4.210 AIQ trace length control (don’t need to impedance control)

2.4G/5G AIQ trace length should be control under 3.5cm. For AIQ and Xtal traces, the GND
shielding vias along the AIQ traces are suggested/required, for AIQ GND plant should be keep 4
mil(4-4-4-4-4). A band: the capacitors on AIQ trace for BW160 requirement.

-

i

A
J

i Ry

1y
o

s .}‘....I._—. e

L
ey
|

- ‘_C'_u
& CND &

& CHD &

S vy wrrrgs
s,
o n

RrEiEmiEw

4

Fig 4-29 : The G-band/A Band A die AIQ layout
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4.2.11 AFE WRI trace design guide

WF0/1_HBO~10 must control the same length the WF0 or WF1 group delta can’t over 15mm
(Timing around 100ps)

Two RC circuits for HBO & HBO_B should be reserved to prevent WIFI RX desense.
And 4.7pF are recommended for the caps that are closed to MT7981.

o]
]
<
+]
o)
[+]
<

0000500 o

P

PAD_HBO_B
WF_HBO_B “Eg'—— PAD_HBO 1 5 1 5 PAD_WF_HEQ
WIF_HEO &3 e B .
WF_HBY 7 - R501 - R9297
R ]
WE-He2 B2 S R 710/ 0R c7199
WF_HB4 Tag—meéwéﬂssﬁ of  4TPF |  5PFMI
WF_HBS Fpp—FRE——HEe— S =L
- 06 v = =
WFHBE pg——PABWFEHEF—
WF_HET [~p7—PADWF-HBE—
WF_HBS py—PAB-WF—HBS—
WF_HEQ —gg—PADHFHB10—
WF_HB10 [——————
PAD_HBO_B ] 2 PAD_WF_HEO_B
R9298 i
R c7200
|  SPFMI

Fig 4-30 : WFO HBO/HBO_B is CLK keep other signal away
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4.212 PA AVDD33 power De-cap placement.

De-cap location is as close as possible to the MT7976 power pin.

De-cap capacitor location placed from small capacitance to large capacitance.
» IC pin 2 1pF > 10pF = 1uF

AVDD33_WF2_PA_A

Pin 124

-

|

CA5691 CA2501 CA2502
o 100F | 10pF | 1F
AVDD33_WFO0_PA_G
0

:

- AVDD33_WF3_PA_A
Pin 11 _ i o
——CG2499 CG5689——CG54 Pin 118 _ <l =
o 4TPF | 10pF | 1F

CA5692—= CA2503 == CA2504
o 100F | 10pF | 1F

:

A\(DD33_WF4_PA_A
Pin 5 = -
Pin 112 _ i =
T o TRy CA5698 CA5699 CAS5700
ol 47PF q, 10pF | 1F

o 10nF | 10pF | 1F

%

Fig 4-31: PA AVDD33 power De-cap placemen

MT7981B
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4213 GND connection.

1. Make sure that the GND of the IC is connected to the EPAD GND plane.
2. Enhance & improve GND return path.

|
|

=
=r

S o)
ex

a

)
=
—
o
0D
o
=
=
=

Fig 4-32 : GND connection
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4.2.14 MT7976 thermal via.

3. Inthe MT7976 E-pad, using a via hole with 2mm diameter to improve heat dissipation
efficiency.

4. Remove solder mask improve thermal.

5. Add more GND via on EPAD to improve heat dissipation.

=T
=T

o,
&n
(= 4
el
L
&S]
=
=
ol
~
D
-
=
=r

=T

Fig 4-33 : Thermal via
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4.2.15 MT7976 Xtal trace

1. Isolated Crystal trace and 3.3V

2. Need to keep-out in layer 2 =» Cload consideration
3. Reserve OR for debugging

4. Well-grounded required

Isolate Crystal Trace

el 3 3\/ for XO

Fig 4-34 : MT7976 Xtal Trace
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4.2.16 MT7976 Power Trace Routing Rule

Separate 3.3V PA to WF0/1 & WF2/3/4.
. Using star connection routing to 3.3V PA power trace.
3. PA power trace width > 0.7mm

N —

o

0000 %0 O
00 009500
0000000000
0000000
0 Q00000
000000
0000000

B

o
00000000
b‘ ©
%0.0°

00 00000 Q.000
000000000 8 :
©0000000° 00000000000

©0000000000° S

o]

888

o
o
©
o
o
o
o
o
o
o
000

00 ©
%0 g0000

000000000000

(o]
O
©
[+]
o
o
o
O
o]
0°

%)
°
]
Q
O,
oO
PO

o000

Fig 4-35 : MT7976 Power Trace Routing Rule
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4.217 MT7976 5G PA Power Trace Routing Rule

Separate 3.3V PA_A & PAD A power trace (A band).

Using star connection routing to 3.3V PA& PAD power trace.
PA power trace width > 0.7mm (yellow line)

PAD power trace width > 0.3mm (pink line)

alb e

~

o
o2
o
go
238802
00000000
00000
0000000 O
o

©%000 o
0000000000

0 o00000

0'C. 0000
o

0000000
030

n 00
200000000 ©

00000000

g9 o
0% o0

8200000000000 &

0, 000000000002
o 000000000000
0? 00000000000°

080000000000000
2 Q00000 0@ o%

0000 \
000
QO o
A
00 9O

87: 80
DO

20ND . oM

009000 g00%p00p

30 M8 O $CND

®6 0,00 L0
() )

' ()
- o LW =
Fig 4-36 : MT7976 5G PA Power Trace Routing Rule
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4.2.18 MT7976 1.8V Power Trace Routing Rule

1. Using star connection routing to RF 1.8V power trace.
2. RF 1.8 trace width > 0.2mm (input to IC)

1.8VD 1.8v0

00 000¢g o OL&% o

O 0 o o q':'-";" o o

"

o ’ 1,8YD
1o}

1.8VD

o
©o
o

88380
o

©%500 o

X
00000000

o
o
©
©
)
©

o
OOO QOO
Q000000000
0000000
000
00
o000 00

00006000002 2 Auo00

0 0000000000090 2 a
o 000000000002 © 00000000000
o 00000000000° 2 %
o 2 00000000000° o

035 0000000000000
C 0000000 QO ©
of el

Q

o

Fig 4-37 : MT7976 1.8V Power Trace Routing Rule
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4.2.19 MT7976 Band-gap pin isolate

Isolated Band-gap pin(pin102/141).

Band gap power trace must be separated from 3.3V PA power trace, don’t be tied with 3.3V
PA

3. Notice band gap pin grounding.

N —

103 "

AVDD33_WF3_TOP OAVDD33_WF3_TOP Isolated power branch

oo P8 ]I'

AVDD18_WFO0_TX_GA |— o AVUU 15_WIU_IA_LA
AVDD33_WFO0_TX_GA L o AVDD33_WFO0_TX_GA

AVDD33_WF0_ToP -1 o A WrO_

GND [s Isolated power branch
139 . AVDD 18_WFO0_TOP
AVDD18_WFO0_TOP o)

AVNN1R \WEQ D) 138 o AVDD_WFO_DOG

1BV A

Fig 4-38 : MT7976 Band-gap pin isolate
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4.2.20 Shielding frame

= Shielding for harmonic emission, as closed as to prevent RF leakage
= Recommend shielding case height >=3mm

Srsio, 3 @had!
; 0500 o RA0E s

TP2824- . TPDI
3C736,C7|66 U‘TFSOO‘ TPD2

=
™~
CdL s
0y
=3
W
as

. . TP2804TP2805
.« [P280%

C720 G714

721 €715,

. SR Oy

. . . . L

o oRER0 R3g8 Cagangw
mewe 664 ,5.08

smo-onngﬂsge "ca_oma’

QO as a ucz-‘

REsBESDN 2 2z

(%]

Fig 4-39 : shielding frame
4.2.21 Crystal

Xtal :
= The 25SMHz 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

Fig 4-40 : Crystal layout gudelines
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4.2.22 Co-CLK design

There are two clock input from MT7976 to MT7981B:
= Typical 40MHz, 1.2Vpp
= Each layer’s signal & ground keep out area is shown below (L1/L2/L3/L4)
. e OSC trace should be well ND shielding, at least tgfo GND via space to AIQ signal.

Fig 4-41 : OSC guidelines

4.2.23 Flash Interface

There are 4 kinds flash support by MT7981B, SPIM-NOR, SPIM-NAND(ECC free), eMMC, SNFI
(SPI NAND host ECC)

4.2.23.1.1 SPI Flash (SPI NAND Flash Interface (SNFI), SPIM 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 recommend to be fined tuned by over/under-shoot waveform.
* The max recommended routing length of CLK/Data is 4000mil
» The difference of CLK/Data bus length =4(00mil
= =3 through holes on the CLK/Data bus

= SPI-CLK routing trace could be well protected with solid GND plane (option)

+3.3VD
U1902 Q
! CS# VCC -
SPI_MISO 2 7 SPI_HOL
SPLWP 3 | SO/SIO1 HOLD# g RJ966 OR JSPIL_CLK
3 ‘gﬁg S|?sc|:lc_>g 5 SPLMOSI~. ™~ ™ .~
the damping R is recommend to be fined
e tuned by real over/under-shoot waveform.
— SPI-NAND

Fig 4-42 : SPI Flash layout guidelines
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4.2.23.1.2 eMMC 4.5

For eMMC 4.5 only support 3.3V power, and share bus with SP10/SP11/PWMO:
Layout guide should follow eMMC design guide

=  Mismatch within DATO~DAT7 <300 mil

= CLK to DATO-7 mismatch < 300 mil

= CLK to CMD mismatch < 300 mil

= CLK to RST N mismatch < 1000 mil
Decoupling CAPs should be placed close VCC/VCCQ pins.

=1 ANAE L1 IO
o & a2 0
= (g [ordbic)
© pi & TUFIE. VIXERING
el o
2648 = S
Z 5
AY E& | =
A4 | DATD VCG [Fr—— =y ol
A5| DAT1 VEC y7g = =
~g5{ DAT2 e o EEE— -
55| DATa vee
B DATS ™
~HE| DATS VECOQ |-EE
85| DATE VCCQ 5y
DATT veca |-pe =
2 VCCO g %
VoDt Voo @
c4 w5 I
Tt | VEEQ CMD i el 2
: e = 11730 [k pe 3 ai:\.(%.v.‘m TP 3
foray] L1178 1} ,_.;:5 vssa DS Eg R9ZIS 7 O & ]
— WFEaviNER == L) T =
NE- o] MR | vssa RSTN e 5

Fig 4-43 : eMMC NAND SCH/PCB deign
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4.3 MT7981B & MT7976 Thermal Characteristics

MT7981B HW Application Note

Thermal characteristics when stationary without an external heat sink in an air-conditioned
environment.

Performance

Symbol Description

Typ Unit
TJ Maximum Junction Temperature (Plastic Package) 125 °C
6JA Junction to ambient temperature thermal resistance[1] for JEDEC 2L PCB 23.65 °C/W
6JA Junction to ambient temperature thermal resistance[1] for JEDEC 4L PCB 18.05 °C/W
6JB Junction to bottom temperature thermal resistance 8.41 °C/W
6JC Junction to case temperature thermal resistance 8.05 °C/W
wylt Junction to the package thermal resistance for JEDEC 2L PCB 1.75 °C/W
wylt Junction to the package thermal resistance for JEDEC 4L PCB 1.15 °C/W

Table 4-5 : MT981B Thermal Characteristics

MT7976:
Thermal characteristics without external heat sink in still air condition
Thermal Resistance BJA (°C /W) for JEDEC 2L SYSte€m PCB.......ccueueeeuiuerieeeereeeseiereeevsier s v s 26.59°C/W
Thermal Resistance BJA (°C /W) for JEDEC 4L SyStem PCB.......ccccveeeeivireereirie et seases e ssesn s 18.51°C/W
Thermal Resistance 0JC (°C /W) for JEDEC system PCB.......c.occcceveeeeeveerineeiereeevsier e eveerse s 2.94 °C/W
Thermal Resistance ©JB (°C /W) for JEDEC SYStem PCB.......ccceeveevevevireeierereseeeeeveesses e eneseseae s 2.68 °C/W
Thermal Characterization parameter Wit (°C /W) for JEDEC 2L system PCB......cccceeeceereeecrecerveverenne. 2.34 °C/W
Thermal Characterization parameter Wit (°C /W) for JEDEC 4L system PCB......cccocoeceerevecreerrveverenne 1.48 °C/W
NOTE: JEDEC 51-7 system FR4 PCB size: 76.2x114.3mm (3"”x4.5")

Table 4-6 : MT7976 Thermal Characteristic
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5 PHY test commands

5.1 Ethernet PHY test commands

5.1.1 MT7531 1000-TX mode command

Command format: switch phy cl22 w [port] [CR address] [value]

<Example> port0O test command

Test model

switch phy cl22 w 0 31 0x0; //switch to PO register offset to 0x0
switch phy cl22 w 0 0 0x0140; //forced link PO at 1000Mbps
switch phy cl22 w 0 9 0x2600; //Set transmit test mode 1

Test mode2

switch phy cl22 w 0 31 0x0; //switch to PO register offset to 0x0
switch phy cl22 w 0 0 0x0140; //forced link PO at 1000Mbps
switch phy cl22 w 0 9 0x4600; //Set transmit test mode 2

Test mode3

switch phy cl22 w 0 31 0x0; //switch to PO register offset to 0x0
switch phy cl22 w 0 0 0x0140; //forced link PO at 1000Mbps
switch phy cl22 w 0 9 0x6600; //Set transmit test mode 3

Test mode4

switch phy cl22 w 0 31 0x0; //switch to PO register offset to 0x0
switch phy cl22 w 0 0 0x0140; //forced link PO at 1000Mbps
switch phy cl22 w 0 9 0x8600; //Set transmit test mode 4

MT7981B MediaTek proprietary and confidential
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5.1.2 MT7531 100-TX mode command

<Example> port0O test command

#MDI

switch phy cl22 w 0 31 0x0;

switch phy cl22 w 0 0 0x2100; //forced link PO at 100Mbps
switch phy cl45 w 0 Ox1e 0x145 0x5010; //switch to MDI

#MDIX

switch phy cl22 w 0 31 0x0;

switch phy cl22 w 0 0 0x2100; //forced link PO at 100Mbps
switch phy cl45 w 0 Ox1e 0x145 0x5018; //switch to MDIX

5.1.3 MT7531 10-T mode command

<Example> port0O test command

#MDI/MDIX

switch phy cl45 w 0 Ox1e 0x145 0x5010; //switch to MDI
switch phy cl45 w 0 Ox1e 0x145 0x5018; //switch to MDIX

#Normal (note: must be apply for Random and Harmonic test items)

switch phy cl22 w 0 31 0x0; //switch to PO register offset to 0x0
switch phy cl22 w 0 00 0x0100; //forced link PO at 10Mbps

switch phy cl45 w 0 Ox1e 0x145 0x5010; //switch to MDI

switch phy cl45 w 0 Ox1e 0x33 0x0177; //disable EEE function

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

#Harmonic (note: this command can’t return to do other test items, please reboot if need)
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;
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5.1.4 MT7981 1000-TX mode command

<Example> port0O test command
Command format: mii_mgr -s -p [port] -r [CR address] -v [value]
Command format: mii_mgr_cl45 -s -p [port] -d [CR address1] -r [CR address2] -v [value]

#1000 test model

mii_mgr-s-p 0 -r 31 -v Ox0
mii_mgr-s -p 0 -r 00 -v 0x0140
mii_mgr-s -p 0 -r 09 -v 0x2600

#1000 test mode2

mii_mgr-s-p0-r 31-v0x0
mii_mgr-s -p 0 -r 00 -v 0x0140
mii_mgr-s -p 0 -r 09 -v 0x4600

#1000 test mode3

mii_mgr-s-p0-r 31-v0x0
mii_mgr-s -p 0 -r 00 -v 0x0140
mii_mgr-s -p 0 -r 09 -v 0x6600

#1000 test mode4

mii_mgr-s-p 0 -r 31 -v Ox0
mii_mgr -s -p 0 -r 00 -v 0x0140
mii_mgr -s -p 0 -r 09 -v 0x8600

5.1.5 MT7981 100-TX mode command

#MDI

mii_mgr-s-p 0 -r 31 -v Ox0

mii_mgr -s -p 0 -r 00 -v 0x2100

mii_mgr_cl45 -s -p 0 -d Ox1e -r 0x145 -v 0x5010;

H#MDIX

mii_mgr-s-p 0 -r 31 -v Ox0

mii_mgr -s -p 0 -r 00 -v 0x2100

mii_mgr_cl45 -s -p 0 -d Ox1e -r 0x145 -v 0x5018;
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5.1.6 MT7981 10-TX mode command

# MDI/MDIX (default use MDI below)
mii_mgr_cl45 -s -p 0 -d Ox1e -r 0x145 -v 0x5010;
mii_mgr_cl45 -s -p 0 -d Ox1e -r 0x145 -v 0x5018;

#Normal link pulse: (note: must be apply for Random and Harmonic test items)
mii_mgr -s -p 0 -r Ox1f -v 0x0;

mii_mgr -s -p 0 -r 0x0 -v 0x0100;

mii_mgr_cl45 -s -p 0 -d Ox1e -r 0x145 -v 0x5010; //MDI

mii_mgr_cl45 -s -p 0 -d Ox1e -r 0x33 -v 0x0177;

#Random packet:
mii_mgr -s -p 0 -r Ox1f -v 0x0001;
mii_mgr -s -p 0 -r Ox1d -v 0xf842;

#Harmonic (note: this command can’t return to do other test items, please reboot if need)
mii_mgr -s -p 0 -r Ox1f -v Ox0;

mii_mgr -s -p 0 -r 0x0 -v 0x0100;

mii_mgr_cl45 -s -p 0 -d Ox1e -r 0x145 -v 0x5010;

mii_mgr_cl45 -s -p 0 -d Ox1e -r 0x33 -v 0x0177;

mii_mgr -s -p 0 -r Ox1f -v 0x0001;
mii_mgr -s -p 0 -r Ox1d -v 0xf840;

5.2 USB3 compliance test command

USB3 Compliance Test command

U3 driver default disable CTS mode - it need to set below register to enable CTS mode to test TX
compliance. Enable CTS mode setting:

cd /sys/devices/platform/11200000.xhci;
echo 1 >usb3hqa;

MT7981B MediaTek proprietary and confidential Page 55 of 76



MT7981B HW Application Note

5.3 USB 2.0 compliance test setting & command

5.3.1  USB 2.0 background information

MT7981 can support 1 USB 2.0 High speed ports, and below are register layout information.

port offset
u2 portO 0x0000
0x0100
0x0300

5.3.2  Software programming

bank
MISC
FMREG
U2PHY COM

Enable xHCI USB 2.0 toolkits (Please check Software Engineer)

CONFIG_USB_XHCI_MTK_DEBUGFS=y

CONFIG_DEBUG_FS=y

5.3.3 Eye-pattern parameter

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 = <0x05>;
status = “okay”;

|3
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5.3.4 USB2 compliance Test Command
5.3.41 Host High-speed Signal Quality (EL_2, EL_3, EL_6, EL_7)
CLI: echo -n test.packet 2 > /sys/devices/platform/11200000.xhci/hga
5.3.4.2 Host Controller Packet Parameter (EL_21, EL_22, EL_23, EL_25, EL_55)
CLI: echo -n test.getdesc 2 > /sys/devices/platform/11200000.xhci/hga
5.3.4.3 Host CHIRP Timing (EL_33, EL_34, EL_35)
CLI: echo -n test.enumbus 2 > /sys/devices/platform/11200000.xhci/hga
5.34.4 Host Suspend/Resume timing (EL_39, EL_41)
CLI (suspend): echo -n test.suspend 2 > /sys/devices/platform/11200000.xhci/hga
CLI (resume): echo -n test.resume 2 > /sys/devices/platform/11200000.xhci/hga
5.3.4.5 Host Test J/K, SEO_NAK (EL_8, EL_9)
CLI (J): echo -n test.j 2 > /sys/devices/platform/11200000.xhci/hqa
CLI (K): echo -n test.k 2 > /sys/devices/platform/11200000.xhci’hga
CLI (SEO): echo -n test.se0 2 > /sys/devices/platform/11200000.xhci/hga

5.3.4.6 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%20Electrical%20Compliance%20Specification%?2
8v1.07%29.pdf

5.4 SGMII TX Test command & SOP

5.4.1 Test Item

A. TX Electrical
B. TX Eye Mask.
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Table 5-1 lists the test equipment and Figure 5-1. Shows the realistic setup connections.

5.4.2 Test Equipment

Equipment Quantity
Agilent Scope (BW >8G) 1
BNC to SMA Connector (for scope) 2
RF cable with SMA 2
Agilent Scope Mask Test 1
Semi rigid cable with SMA < 5cm. 2
(option : if no SMA Connector on board)
Table 5-1 : SGMII TX Test Equipment
5.4.3 Test Environment Setup
RF SMA Jack
Strip/Tin
(after 0.1uF cap)
9000
DUT
Ty SMA Cable
Ti o}
SMA Cable
k 2 Sl DB ACIS [~
i | JSQUI TN B15 | SO T
0.1uF or DC block (AT 20 STV L poapepriol
SELILUILLIL pyse-pof

Fig 5-1 : SGMII TX Electrical Test Environment Setup Diagram

5.4.4 (H)SGMII Enable SSC Command

HSGMII SSC driver default is disable, Customer can use below command to enable SSC mode to
compare RF de-sense or EMI.
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MT7531 SSC enable :

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;

MT7981 SSC enable :

HSGMIIO

regs w 0x10060110 0x40002000;
regs w 0x10060100 0x12B484F;

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

5.4.5 (H)SGMII 2.5G/1G force speed command

MT7531A

# port5

# force 2.5G (Gen2)

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 1G (Genl)

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

# port6

# force 2.5G (Gen2)

switch reg w 60e8 10

switch regw 6128 14817
switch reg w 6020 31120009
switch reg w 6000 140
switch reg w 60e8 0
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# force 1G (Genl)

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

MT7981

# SG1 force 2.5G (gen2)
regs w 100700e8 10

regs w 10070128 14817
regs w 10070020 31120019
regs w 10070000 140

regs w 100700e8 0

# SG1 force 1G (gen1)

regs w 100700e8 10

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

regs w 100700e8 0

# 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

# SGO force 1G (gen1)

regs w 100600e8 10

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

regs w 100600e8 0

MT7981B
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5.4.6 Test Procedure (TX Timing)

1. Do scope channel (ex: CH1 and CH3) probe calibration first (* Must ).

File Control |Setup | Display Trigger Measure Math Analyze Utilities Demnos Help
@ channel 1...
@ channel 2...
\ﬁi € channel 3...
© channel 4...
@ waveform Memories...
@ Math Functions...

) protocol Decode...
&)

Seal [eIIsA

Trigger.

Probe Configuration... ‘

Probe Calibration... '
©® Horizontal...

Acquisition...

Bandwidth Limit...

Display...

Default Setup

Factory Default

Undo Default Setup

Probe Calibration

@ 1 : 1 Voltage Probe 1: 1 Voltage Probe | &0 1 : 1 voitage probe . ) 1 : 1 voltage Probe

| Please allow 15 miﬁu;'is for probe warmup before starting calibration.
- DC Attenuatibn/Offset™sal — - Skew Calibration

| 31 AUG 2¢17 23:16:28 ™, ‘ | 31 AUG 2017 23:16:35 |
. Using Defhult Atten (1:1) ‘ Default Skew

© CalibratedVAtten (1:1) ' © Céﬁrated Skew
TR ——— || —

2. Use two RF cables with SMA to connect with DUT “SGMII_TX_P” and “SGMII_TX_N" to Agilent
Scope “Channel 1 (TXP)” and “Channel 3 (TXN) ”. Refer to Figure 1-1.
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3. In Scope menu:
Setup > Channel 1> Differential Channel 1&3 - select () > channel1-3

File Control 'S'e'tup Display Trigger Measurs
19 Channel 1..
: @ Channel 2...
# channel 3...
Channel 4...
) waveform Memories...
@ Math Functions...

File Control Setup Display Trigger Measure Math Analyz

1 .

Differential
u . Channels 1 & 3!

- Acquisition HW & Display ——
Scale M Fine
|1.00 v/

 Protocol Decode. ..

Trigger...

SETW |EDIU2N | SESW W]

Probe Configuration...

SEDA 1EJI2N | SEIN L]

Offset

Probe Calibration... T T I-jRT"-j . .

© Horizontal... [Bandwidth Limit...|
Acquisition... - Skew Probe... |
Bandwidth Limit... pos (OB M Probe G
Display... B Labels |1 || e

Default Setup

Factory Default

Undo Default Setup

. Show Raw
Channels

Differential
L4 On Y -Ch=>2 v
G GhL G G Channels 1 & 3|

- Channels 1 & 3 Acquisition HW | - Differential Display —
Scale Auto [
|1.00 v/

Offset
0.0V i Y i i

Channel 1 Skew Channels 1 & 3 Skew

B —— e — ———  o— ———

f —Ot v .

oos [ <J0 L '005 I MY - Probe Cal...

B 1:bels | 1 |

Trigger...
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4. Measure - Add Measurement - Select measurement items below.
Rise time (Typical use 20% ~ 80% , Gen2 by level mode, ex: +/-250mV)
Fall time

V p-p

Unit Interval

Data rate

P oo T o

File Control Setup Disp'lay Trigger | Measure | Math Analyze Utilities Demos Help
- == =
| Markers... t

IE

i —— : | QuickMeas
S (@200v Joov @8] [ AddMeasurement...

Jitter (EZIIT+)...

Limit Test & Search...

Setup...
Thresholds...

Clock Recovery...
Level Qualification...

SEal ||3311Ja;\‘993w awil |

| Add Measurement

- Measurement ————————————— - Description
Al Rise time

Time Fall time

Vertical wwidih

- width
ook Delta time
Data

Edge - edge

1 Dilea monink

W
g

| R ————
(Thresholds...| 10, 50, 90% of Top, Base

P ———————
| Limit Test... |
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5. Electrical Measurement Result example.

Genl: 1.25G

“File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

-320 mV

-640 mV
5.00 ns. 13

Messurement

® Unit int(1-3) 799.9531 p: 77805 ps 815.00 ps 1 33980 ps

0 Vpp(13) 48511 mV 486383 V' 47837 mV 49675 mV 28983 mV
© Fall time(1-3) 21855 ps 247.9453 ps 17995 ps 44279 ps 610813 ps
© Risetime(l-3)  37L08ps 2445731 ps 18669 ps 42876 ps 24207 ps 580062 ps

ies Demos Help

150 ns 250ns
|500 ps/ |[0.0s

3200350 p- 28414 ps 367.05 ps 3. 55305 ps 146878
85615 mV 866,561 mV/ 85015 mV 886.82 mV T 6.2884 mV 1978

© Fall time(1-3) 12840 ps 1143582 ps 8236 ps 199563 ns 913 356099 ps 38220

O Risetime(1-3) 10500 ps 1206156 ps 8181ps 168788 ns i 763468 ps 38123
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5.4.7 Test Procedure (TX Eye Mask)

#Test command the same as TX Electrical Test (both Gen1/Gen2)
Scope Setup =2 Analyzer - select Mask Test.

File Control Setup Display Trigger Measure Matthalyze Utilities Demos Help

! Histogram...

| Mask Test...
Automated Test Apps
Measurement Analysis (EZJIT)...
Jitter (EZIIT+)...
RTEye/Clock Recovery {SDA)...

FEQW [BJILoN | SED SWi]

Enable Mask Test.

File Control Setup Display Trigger Measure Math Analyze Utilities

Enable

- Mask Selection ——— - Mask Test Opticns

Either load a mask from a file o
or use Automask to create a )
new or e B Averaging

|Channel 8 s 1 L|Z

| Load Mask... | Mask Scaling... |

! Automask.

Run Until ——— - Real-Time Eye Unfolding

| ——— |T| Individual bit errors may be
=« || observed by unfolding a Real-
B stop on Failure Time Eye

[} Perform Multipurpose on B Real-Time Eye
Failure

| Set up Multipurpose...
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Load Gen1l/Gen2 & Near End/Far End Mask file.

File Control Setup Display Trigger Measure Math Analyze Utiliies Demos Help

Enable

Mask Selection —

Either load a mask
or use Automask t
new one

Select Mask File

Look In

SGMII-G1-Far.msk
| @] SGMII-G1-Near.msk
7] SGMII-G2-Far.msk
7] SGMII-G2-Near.msk

My Documents

Type

Mask Files
Mask Files
Mask Files

Mask Files

Run until
U]

‘ Earever User Data

B stop on Failure

. Perform Multip
Failure I}

Set up Multipi
| File Name:

Files of Type: | Mask Files (*.msk)

1)

Example: Genl TX Eye Mask.

Genl/ Receiver - Far end template.

Keysight Infiniium : Wednesday, May 22, 2019 8:46:08 PM

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

2.05 Mpts |12 GHz
@ 100mv/ |j0.0v o>

Real-Time Eye
 3.53379 MUL §
59 Wfms

SEea| [BIIUSA | SeaW Bl

640 ps
[2.00u1  Jo.0ur

%) Results (Measure All Edges)
Measurement Mean Min Max Range (Max-Min) | Std Dev

i @ Vp-p(1-3) 607.02 mV 606391 mV 60133 mV 613.85 mV 1252 mV
© Eye height(1-3) 3875 mv 39093 mV. 387.5mV. 4023 mV 148 mV
© Eye width(1-3) 73249 ps 735477 ps 73249 ps 75499 ps 2250ps
© Rise time(1-3) 11071 ps 1080348ps  8415ps 14488 ps 6073 ps
@ Fall time(1-3) - -~ 1103382ps  8436ps 15228 ps 6793 ps

SIUBWIBINSEDN|

MT7981B

5/22/2019

|@Tp.ov

400 mV

100 mv

-300 mvV

-400 mv
800ps 1

3184 mV

277 mV

3932ps

60449 ps 952351
66136 ps 952367

3peJs JojoD)
159 i5eW

@ Data rate(1-3) = 1250028 Gb/s 1222761 Gb/s  1281602Gb/s  58.84015 Mb/s 3.863636 Mb,  377958.
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Example: Gen2 TX Eye Mask.

Gen2/ Receiver - Far end template.

Keysight Infiniium : Wednesday, May 22, 2019 8:50:57 PM

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help 5/229

JECHNOLOGIES

-— '. ; ; [ 2.0 ¢ ejo.ov '5?
®360mv/ 0.0V (+

Real-Time Eye
2.10740 MUI
69 Wfms

720 mv

SEO| [BDILA | SeaW BwiL \

360 mv

-360 mv

-720 mvV

-256 ps 192 ps 128 ps 0 128 ps 192 ps
[2.00ur 0.0 UI Ty

"% | Results (Measure All Edges)
Measurement Current Mean Min Max Range (Max- Std Dev Count
@ Vp-p(1-3) 102283V 1.02009 V 101259V 103839V 2580 mV 4644 mV 69
: © Eye height{1-3) 487 mV 4933 mV 487 mV 506 mV 20mV 51mV 50
© Eye width(1-3) 24400 ps 248387 ps 24400 ps 27200 ps 2800 ps 5297 ps 50
| @ Rise time(1-3) 61.15 ps 684369 ps 51.01 ps 87.17 ps 36.16 ps 7.3725ps 712120
@ Fall time(1-3) = 683427 ps 50.62 ps 86.13 ps 3551 ps 7.0149 ps 712138
| @ Data rate(1-3) 3125733Gb/s  2921475Gb/s  3228915Gb/s 307439 Mb/s 4596300 Mb, 282610

ape.o 10j0D),
150145eW
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5.4.8 TX Electrical Timing Spec

Genl (1.25G) - Differential Transmitter Timing

Symbol Parameter Min Typ Max Unit Notes
] Unit Interval 799.92 800 800.08 ps Mean value
T X1 Eye Mask - - 0.15 ul
T X2 Eye Mask - - 0.4 Ul
T Y1 Eye Mask 140 - - mV
TY2 Eye Mask - - 400 mV
Vrx-oirrpp  |Output Diff Voltage 300 500 800 mV Vp-p
Trx-eve Minimum TX Eye Width (0.7 - - Ul
TTx-NTTER Output Jitter - - 0.3 Ul
TTX-RISE Output Rise Time 0.075 - - Ul
Trx-FALL Output Fall Time 0.075 - - ul
Rrx Differential Resistance |80 100 120 ohm
Crx AC Coupling Capacitor |80 100 120 nF
147 TIXEVEMN ——»
! -
T_Y2 1 l‘ _
T_Y1 ‘ }
|
Amplitude  ov G [T—
1 1
E . ) S I !
T_Y2 } ; : : v
0.0 T_.‘X1 T_‘X2 1-T‘_X2 1-TI_X1 1.0
Time Ul
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Genl (1.25G) - Differential Receiver Timing

Symbol Parameter Min Typ Max Unit Notes

ul Unit Interval 799.92 800 800.08 ps Mean value
T X1 Eye Mask - - 0.3 Ul

T Y1 Eye Mask 100 - - mV

T.Y2 Eye Mask - - 600 mV

VrxpiFfpp  |Input Diff Voltage 200 - 1200 mV

TRX-EYE Minimum TX Eye Width [0.4 - - Ul

TRXITTER Output Jitter - - 0.6 ul 1-Trx-EVE-MIN
Rrx Differential Resistance (80 100 120 ohm

4 TRX-EVEMIN—B=

a

VRX-DIFFp-p-MAX

l

R_Y2

R_Y1

Amplitude ov

-R_Y2

0.0 R_X1 0.5 1-R_X1 1.0

Time Ul
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HSGMII (3.125G) - Differential Transmitter Timing

Symbol Parameter Min Typ Max Unit Notes

V]| Unit Interval 319.96 320 320.04 ps Mean value

T X1 Eye Mask - - 0.175 ul

T_X2 Eye Mask - - 0.4 Ul

T_VY1 Eye Mask 200 - - mV

T_Y2 Eye Mask - - 800 mV

Vrix-oirrp-p  |Output Diff Voltage 800 900 1200 mV Vp-p
Minimum TX Eye

TTx-EYE Width 0.65 - - Ul

TTX-JITTER Output Jitter - - 0.35 Ul

TTx-RISE Output Rise Time 0.125 - - Ul

Trx-FALL Output Fall Time 0.125 - - Ul

Rrx Differential Resistance |80 100 120 ohm

Crx AC Coupling Capacitor (80 100 120 nF

e I— TTX-EYE-MIN E——

|

V/TX-DIFFp-p-MAX

T_Y2

T

Amplitude ov

& ol &

T_Y2

00 TX1 T.X2 1TX2 1T %1 10

Time Ul
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HSGMII (3.125G) - Differential Receiver Timing

Symbol Parameter Min Typ Max Unit Notes
V]| Unit Interval 319.96 320 320.04 ps Mean value
T X1 Eye Mask - - 0.3 Ul
TVl Eye Mask 100 - - mV
T_Y2 Eye Mask - - 600 mV
VRX-DIFFp-p Input Diff Voltage 200 - 1200 mV Vp-p
Minimum TX Eye
TRX-EYE Width 0.4 - - ul
TRX-ITTER Output Jitter - - 0.6 Ul
Differential
Rrx Resistance 80 100 120 ohm

«—TRXEYEMIN—B

V/RX-DIFFp-p-MAX

i

R_Y2

R_Y1

Amplitude ov

R_Y1

R_Y2

0.0 R_X1 05  1-R_X1 1.0
Time Ul
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6 MT7981 Qualified Vendor List (QVL) Table

6.1 Introduction

This document describes the MT7981B qualified Crystals, DDRs and all types of flash
memory that MT7981B SDK support. The DDR type is including DDR3(x16), DDR4 (x16). The
Flash type is including Serial NOR, SPIM-NAND, SNFI NAND flash memory and eMMC.
Customers are strongly recommended to design in with those parts that have been qualified by MTK.

6.2 Crystal

MT7981 support 40MHz, CL=10pF DIP and SMD crystal, QVL table as below:
TBD

Vendor Part Number Package
TAS-SAW TZ3451D
SIWARD XTL571150-M118-161 3225
YOKETAN S32A-040000-T10-HSN-1AMKA

Table 6-1 Crystal QVL Table

The table below lists the requirement for the XTAL.

Item Spec.

Nominal Frequency 40MHz

Size 3.2mmx2.5mm
Operating Temperature Range -40°C to +105°C
Frequency Tolerance (FL) +/-7 ppm @ 25°C +/- 3°C

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

Temperature +/- 20 ppm (referred to the value at 25°C) 100°C to +105°C
Equivalent Series Resistance (ESR) 15 Q max.

Drive Level(DL) 400uW max

Shunt Capacitance (Co) 3.0 pF max

Load Capacitance (CL) 10 pF

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

Table 6-2 : XTAL oscillator requirement
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6.3 Serial NOR Flash memory (3.3V only)

Vendor Part Number Density Package

Table 6-3 SPI Nor Flash QVL Table

6.4 SFNI Flash (3.3V only)

MT7981 support 4~12bits ECC algorithm, the ECC algorithm selection is depended on spare area
size per 512 byte sector,.

Page size Spare area size ECC algorithm
2048 bytes 64 bytes 4-bits ECC
2048 bytes 128 bytes 12-bits ECC

Before program Image by programmer, users should convert image files by MTK BCH tool, please
reference to the Readme for bch tool usage.

Reference programmer:
Dediprog http://www.dediprog.com/

\ Spare Area

Table 6-4 SPI-NAND QVL Table
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6.5 SPIM-NAND Flash (3.3V only)

MT7981 support Flash ECC, the ECC algorithm depended on flash.

Page size Spare area size ECC algorithm
2048 bytes 64 bytes 4-bits ECC
2048 bytes 128 bytes 12-bits ECC

Before program Image by programmer, users should convert image files by MTK BCH tool, please
reference to the Readme for bch tool usage.

Reference programmer:

Dediprog http://www.dediprog.com/

Vendor Part Number Density Page Size | Spare Area
Table 6-5 SPIM-NAND QVL Table
MT7981B MediaTek proprietary and confidential Page 74 of 76



w MT7981B HW Application Note

6.6 eMMC Flash Memory (3.3V only)

MT7981B only support 3.3V eMMC NAND Flash memory, 8 bit data and compatible with eMMC
4.5 above. The QVL table as below:

Vendor Part Number eMMC Package Density

version

Table 6-6 eMMC Flash QVL Table
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7 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.

MediaTek Inc. (Jhubei office)

5F, No.5, Tai-Yuen Ist St.
Jhubei City, Hsinchu County 302
Taiwan, ROC

Tel +886-3-560-0868

Fax +886-3-560-0818
http://www.mediatek.com
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