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1. Unless Otherwise Specified:
All resistors are in ohms
All capacitors are in uF
All voltages are DC
All polarized capacitors are aluminum electrolytic

2. Interrupted lines coded with the same letter or letter
combinations are electrically connected.

3. Device type number is for reference only. The number
varies with the manufacturer.

4. Special signal usage:
_B Denotes - Active-Low Signal
<> or [] Denotes - Vectored Signals
5. Interpret diagram in accordance with American

National Standards Institute specifications, current
revision, with the exception of logic block symbology.

NET VOLTAGE
P5V_USB 5V
P5V_SW 5V

P5V_TRG_USB 5V

P3V3 3.3V
P3v3_MCU 3.3V

VDDA 3.3V
VREFH 3.3V
VREFL ov
VSSA ov
GND ov

VDD_INT 3.3V
VREF_DDR2 0.9V
VTT_DDR2 0.9V
VvDD_1v8 1.8V

Power & Ground Nets

DESCRIPTION

Primary input power. Filtered from USB connector. Input to USB power switch.

Output of USB power switch controlled by the 5V_EN signal from the
JM60 MCU. Used by OSBDM voltage translation circuits.

Output of USB power switch controlled by the VTRG_EN signal from
the JM60 MCU. Provides input to regulator.

Output of regulator using USB power input (P5V_TRG_USB).

MCU digital power. Filtered from P3V3.

VDDA power for MCU and analog circuits. Filtered from P3V3_MCU.
Upper reference voltage for ADC on the MCU. Filtered from VDDA.
Lower reference voltage for ADC on the MCU. Filtered from VSSA.
VSSA power for MCU and analog circuits. Filtered from GND.
Digital Ground.

MCU Internal supply
DDR2 VREF = VDDQ/2 supply for MCU and SDRAM

DDR2 VTT= VDDQ/2 termination supply for MCU and SDRAM
DDR2 VDDQ supply for MCU and SDRAM
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> PTE[0:28]

Place Y5 and related
components as close as

=lelel=lsls s = = 5 5 5]

C78 .“mPF 32KHz EXTL R91 0 EXTAL32 RTC
DNP P3v3
R93 Default
onp short 1-2
b4 R338
2.768KHz J1.om 10.0K
US3A
77 || 18PF. 32KHz XTL R92 0 XTAL32 RTC
yNP M L oRvice - TAVPEROTRTO WAKEUP
= T3 | DRYICE TAM PTCO/ADCO_SE14/TSI0_CH13/SPI0_PCS4/PDBO_EXTRG/FB_AD14/NFC_DATA11/1250_ TXD1
Place Y4 and related components as close & DRV\cEjAMPERz PTC1/ADCO_SE15/TSI0_CH14/SPI0_PCS3/UART1_RTS/FTM0_CHO/FB_AD13/NFC_DATA10/1280_TXDO
as possible to U53 Pa | DRYICE TAMPER3 PTC2/ADCO_SE4BTSIO_CH15/SPI0_PCS2/UART1 CTS/FTMO_CH1/FB_AD12/NFC_DATA9/I2S0_TX FS
R | DRYICE_TAMPER4 PTC3/SPI0_PCS1/UART1_RX/FTMO_CH2/FB_CLKOUT/280_TX BCLK
N6 | DRYICE_TAMPERS PTC4/SPI0_PCSO/UART1_TX/FTMO_CH3/FB_AD11/NFC_DATAB/I2S1_TX_BCLK
Mg | DRYICE TAMPERS PTCS5/SPI0_SCK/LPTMRO_ALT2/1250 RXDO/FB_AD10/NFC_DATA7/CMPO_OUT/I2S1 TX FS
DRYICE_TAMPER? PTCE/CMPO_INO/SPI0_SOUT/PDBO_EXTRG/I2S0_RX_BCLK/FB_ADY/NFC_DATA6/12S0_MCLK
DCo DPO Rl PTC7/CMPO_IN1/SPI0_SIN/USB_SOF OUT/I2S0_RX_FS/FB_AD8INFC_DATAS
ADCO_DPO S Rz | PGAODP_ADCODPO_ADC1DP3 "TC8/ADC1_SE4B/CMPO_IN2/FTM3_CH4/1250_ MCLK/FB_AD7/NFC_DATA4
ADCO_DMO 0CT PO 77| PGAODM_ADCODMo_ADC1DM3 PTC9/ADC1_SESB/CMPO_IN3/FTM3_CHS/I280_RX_BCLK/FB_ADB/NFC_DATA3/FTM2_FLTO
ADC1_DPO O DHo T5| PGA1DP_ADC1DPO_ADCODP3 PTGI/ADCA_SEGRTMPY_N412G1 SCLITTMS CH2S0.RX_FSTE ADBINFC DATAZIZST MGLK
ADC1_DM0 oP1 N1 | PGATDM ADC1DMO_ADCODM3 PTC11/ADC1_SE7B/I2C1_SDAFFTM3 S0_RXD1/FB_RW/NFC_WE
ADCO_DP1 ADCO DI Nz | PGA2DP_ADC2DP0_ADC3DP3_ADCODP1 PTC12/UAF(N RTS/FB_AD27/FTM3_FLTO
ADCO_DM1 TPt 1| PGA2DM_ADC2DMO_ADC3DM3_ADCODM1 PTG13/UART4_CTS/FB_AD26
ADC1_DP1 DTt 2| PGA3DP_ADC3DPO_ADC2DP3 ADC1DP1 PTC14/UART4_RX/FB_AD25
ADC1_DM1 = PGA3DM_ADC3DM0_ADC2DM3_ADC1DMi PTC15/UART4 TX/FB_AD24
@o\P R PTC16/CAN1_RX/UART3_RX/ENETO_1588 TMRO/FB CS5/FB_TSIZ1/FB BE23 16 BLST5 8
{8 DACO_OUT 1 Ra| DACOOUT_CMP1IN3_ADCOSE23 PTC17/CAN1_TX/UART3 TX/ENET0_1588_TMR1/FB_CS4/FB TSIZO/FB BE31 24 BLS7
DAG1_OUT/CMP2_IN3 DAG1OUT_CMP2IN3_ADC1SE23 PTC18/UART3_RTS/ENETO 1588 TMR2/FB_TBST/FB_GS2/FB BE15 8 BLS23 16/NFC GE1
8 ADCO.SET6 N3 PTC19/UARTS_CTS/ENETO_1588_TMR3/FB_CS3/FB_BE7_0_BLS31_24/FB_TA
- P3| ADCOSE16_CMP1IN2 ADCOSE21
{9) ADC1 SE16 ADC1SE16_CMP2IN2_ADCOSE22 PTDO/SPI0_PCSOUARTZ RTS/FTM3 CHO/FB_ALE/FB CS1/FB TS/I281 RXD1
Ts PTD1/ADCO_SE5B/SPI0_SCK/UART2 CTS/FTM3_CH1/FB_CS0/12S1_RXDO
To | EXTAL32 PTD2/SPI0_SOUT/UART2_RX/FTM3_CH2/FB_AD4/1251 RX_FS
XTAL32 FTDYSPID_SINUART TXFTMG CHAFE ADAES1 X BOLK
Ri6 PTD4/SPI0_PC: 0 RTS/FTM)_CH4/FB_AD2/NFC_DATA
{689 RESET B RESET PTDS/ADCO_SE6B/SPI0_PCS2/UARTO GTS/ e cm FTMO_CH| DATAD/EWM Sut
R8o USBOR DP M1 PTD6/ADCO_SE7B/SPI0_PCS3/UARTO_RX/FTM0_CH6/FB_ADO/FTMO_FLTO
{8} USB0 DP RS0 USBOR DN Mg | USBODP TD7/CMT_IRO/UARTO_TX/FTMO_CH7/FTMO_FLT1
{8) USBO_DN USBODM PTD8/2C0_SCL/UART5_RX/FB_A16/NFC_CLE
(6.89) PTAD.29] < v Place R89 and R90 and related components PTD9/12C0_SDA/UARTS TxFB,An NFC_ALE
o as close as possible to US3 - PTD10/UARTS RTS/ 8NFG RE
A Ng | PTAOUTAG TCLK/SWD CLK/EZP_GLK/TSI0_CH1/UARTO_CTS/UARTO_COL/FTMO_CHS PTDI1/SP2 PCSURRTS CTSISDHC_GLKINFE ,_ A19/GLCD_ CONTRAST
2 Tg | PTAIJTAG TDVEZP DITSIO CHZ/UARTO_RX/FTMO_CHE PTD12/SPI2_SCKIFTM3_FLTO/SDHCO_D4/FB_A20/GLCD_PCLK
I P PTD13/SPI2_SOUT/SDHCO_D5/FB_A21/GLCD _DE
I R PTD14/SPI2_SIN/SDHCO_D6/FB_A22/GLCD_HFS
I 71 PTD15/SPI2_PCS1/SDHCO_D7/FB_A23/GLCD_VFS
A TRATE T pins i AS/USB_CLKINIFTMO_CH2/RMI0_RXER/MIO_RXER/I2S0_TX_BCLKJTAG TRST
X TRACE 15| PTAG/ADC3_SEGAULPI CLK/FTMO_CH3/l2S1_RXDOTRAGE GLKOUT PTEO/ADC1_SE4A'SPI_PCS1/UART1_TX/SDHCO_D1/GLCD_DO/l2G1_SDA/RTG_GLKOUT
i “TRACED: Fiz| FTATIADCO_SEIQULP DIRFTMO CHATZS! X BCLITTRAGE D3 PTEVADG1_SESATSPI1_SOUT/ARTI RW/SOHCO_DUIGLCD Di201 SCUSPI1_SN
I T13 | PTAB/ADCO_SE11/ULPI NXT/FTMi_CHO/I2S1 1_QD_PHATTRAGE D2 2/ADC1_SE6A/SPI1 'SISDHCO_DCLK/GLCD_D2
13 | PTAS/ADC3 SESA/ULPI STP/FTMi_CH1/MIl0_RXD3/ T _QD_PHB/TRACE D1 PTE3/ADC1_SE7A/SPIi_SINUART1 RTS/ SDHCD ) CMD/GLCD_D3/SPI1_SOUT
A Fi3 | PTA10/ADC3_SE4A/ULPI DATAO/FTM2_CHO/MII0_RXD2/FTM2 QD_PHATRACE DO PTE4/SPi_PCSO/UART3_TX/SDHCO_D3/GLCD_D4
A WMi0 | PTA11/ADC3_SE15/ULPI DATA1/FTM2_CH1/MIl0_RXCLK/FTM2 QD P PTES/SPI1_PCS2/UART3_RX/SDHCO_D2/GLCD_DS/FTM3_CHO
A Rio-| FTAIZCAND TFTM_CHORMIO_RXDTMI0 RAD1/250 TXDUFTAIQD.P PTE6/SPI1_PCS3/UART3_CTS/Il250_ MCLK/GLCD_D6/FTM3_CH1/USB_SOF OUT
A R /CANO_RX/FTM1_ CH1/RMII0_RXDO/MII0_RXD0/I2S0_TX_FS/FTMi_Ql PTE7/UART3_RTS/I2S0_RXDO/GLCD_D7/FTM3_CH2
A 1 MP3_INO/SPI0_PCSO/UARTO_TX/RMIIO_CRS D Mnojxnwlzso RX_BOLK1250_TXD1 PTES/ADC2_SE16/l280 RXD1/UART5_TX/I250 RX FS/GLCD_D8/FTM3 CH3
A NiT| PTA15/CMP3_IN1/SPI0_SCK/UARTO_RX/RMI0 TXENMIO_TXEN/I2SO f PTEQ/ADC2_SE17/1280_TXD1/UARTS RX/I2S0 RX_BCLK/GLCD D9/FTM3_CHa
A T11| PTAI6/CMP3_IN2/SPI0_SOUT/UARTO CT: MI0_TXDO/MIID TXDO/\2SO RX_FS/1280_RXD1 PTE10/UARTS CTS/I2S0_TXDO/GLCD_D10/FTM3_CH5
FTATS Ti5| FTAIZIADC! SE17ISFD SINUARTO RTS/RMIO TXD1/MIIO_TXD1/1250_MCLK PTENU/ADCS, SETBUARTS. RTSZ50. TX_ FS/GLOD DITFTVG CHo
PTA1S Tia | PTAIS/EXTAUFTMO_FLT2/FTM CLKI PTE12/ADC3_SE17/1250_TX BCLK/GLCD D12/FTM3_CH7
BTAST i3 | PTAI9XTAUFTM1_FLTOFTM CLK\N! teTiRo ) ALT1 PTE16/ADCO_SE4A'SPI0_PCSO/UART2_TX/FTM CLKINO/FTMO_FLT3
BTASS Ria| PTA24/CMP3_IN4/ULPI_DATA2IMI0_TXD2/FB_A29 / /
FTA% i3] PTA25/CMP3_INS/ULPI DATA3/MIO TXCLKIFB_A28 PTE18/ADCO_SE6A/SPI0_SOUT/UART2_CTS/I2C0_SDA
FTAss 15| PTA26/ADC2_SE15/ULPI_DATA4/MIO_TXD3/FB_A27 PTE19/ADCO_SE7A/SPI0_SIN/UART2_RTS/I2C0_SCL/ICMP3_OUT
BTA%s P14 | PTA27/ADC2 SE14/ULPI DATASMII0_CRS/FB_A26 PTE24/ADCO_SE17/EXTAL1/CAN1_TX/UART4_TX/I281_TX FS/GLCD D13/EWM OUT/2S1_RXD1
5TA%S Ni4 | PTA28/ADC2 SE13/ULPI DATA6MI0_TXER/FB A25 PTE25/ADCO_SE18/XTAL1/CAN1_RX/UART4 RX/I251 TX BCLK/GLCD_D14/EWM IN/I2S1_TXD1
PTA29/ADC2_SE12/ULPI_DATA7/MII0_COLIFB_A24 PTE26/ADC3_SESB/ENET 1588 CLKINUART4_( _CTS/2S1 _TXDO/GLCD D15/RTC_CLKOUT/USB_CLKIN
(89,10} T 0 Mi2 PTE27/ADC3_SE4B/UART4_RTS/I2S1_MCLK/GLCD_D16
5 Wi | FTEWADCO SEBIADC_SEBIADC2 SEBADCI SEBITSIO WUIZ00_SCLIFTMI_ CHTIMIO MDIOMIO MDIOTMIQD_PHA PTE28/ADC3_SE7A/GLCD_D17
P P15 0_SE9/ADC1 SEQ/ADCS SEWTSIO_CHE/2C0_SDAFTMT_CHYRMIO_MDGI0_MDG/FTA QD PHB
P Wit Pos /ADCO_SE12/TSI0 CH o ) SCL/UARTO RTS/ENETO 1588 TMRO/FTMO PTFO/ADC2_SE11/CANO_TX/FTM3 CHO/I2S1_ RXD1/GLCD_PCLK
Ni5| PTB3/ADCO_SE13/TSI0_CH8/I2C0_SDA/UARTO_CTS/UARTO_COL/ENETO_1588_ TMFWFTMD FLTO PTF1/ADC2_SE10/CANO_RX/FTM3 CH1/1251_RX BCLK/GLCD DE
Mia| PTB4/ADC1_SE10/GLCD_CONTRAST/ENETO_1588_TMR2/FTMi_FLTO PTF2/ADC2_SEGA/I2C1_SCLIFTM3 CH2/1251_RX_FS/GLCD_HFS
L7 PTBS/ADCT_SE! VENETO 1560 TMRaF T2 FLTO FTFIADOZ SETAIZCT SDAFTNG CHAZST REDUGLCD_VFS
PTF4/ADC2_SE4B/FTM3_CH4/l251_TXDO/G
P FTB7ADC] ssws/FB,Anzz PTF5/ADC2_SESB/FTM3 CHS/I251 TX_F! D 0y
o/ IWRET GEPI0: B8/UART3_RTS/FB AD21 PTF6/ADC2_SE6B/FTM3_CHe/l251 TX_BCLK/GLCD D2
KN——+ms10 T PTBY/SPI1_PCS1/UART3_CTS/FB_AD20 PTF7/ADC2_SE7B/FTM3_CH7/UART3_RX/2S1_TXD1/GLCD_D3
R—mit FTBIDADC_SET4SPI_PCSOUARTS_ RXIZ51_TX_BOLKIFE ADISIFTHO_FLT1 FTFSFTMO_FLTOUARTS TX1ZS1 MOLK/GLOD D4
G PTB11/ADC1_SE15/SPIi_SCK/UART3 TX/I2S1_TX FS/FB_AD18/FTMO FLT: RT3 RTS/GLCD D5
PTBI7 113 | PTB16/TSI0_CH9/SPI1_SOUT/UARTO_RX/I2S1_TXDO/FB_AD17/EWM IN PTHIODARTI G /GLCD_D6
518 Hia| PTB17/TSI0_CH10/SPI_SIN/UARTO_TX/I251_TXD1/FB AD16/EWM_OUT PTF11/UART2 RTS/GLCD_D7
R—+mis 15| PTBI8/TSIO_GH11/CANO_TX/FTM2_CHO/12S0_TX_BCLK/FB _AD15/FTM2_QD_PHA PTF12/UART2 CTS/GLCD D8
R—Frez0 G137 PTB19/TSI0_CH12/CANO_RX/IFTM2_ CH1/1250_TX_FS/FB_OE/FTM2_QD_PHB PTF13/UART2_RX/GLCD D9
K—re21 G4 | PTB20/ADC2 SE4A/SPI2_ PCSO/FB_AD31/NFC_DATA15/CMPO_OUT PTF14/UART2 TX/GLCD D10
G G5 | PTB21/ADC2 SESA/SPI2_SCK/FB_AD30/NFC_DATA14 TS/GLCD D11
1825 Hig | PTB22/SPI2_ SOUT/FB_AD20/NFC_DATA13 PTF18/9P2_PCSUFTM) CHYTIARTO CTSIARTD _COL/GLCD D12
— PTB23/SPI2_SIN/SPI0_PCS5/FB_AD28/NFC_DATA12/CMP3_OUT 17/SPl2_SCKIFTMO_CH4/UARTO_RX/GLCD_D13
PTFiS’SPI2 SOUTIFTMI_GHUIUARTO_TXIGLCD D14
91SPiz SINFTMI OHVUARTS RX/GLCD D13
/SPI2_PCS1/FTM2 CHD JARTS TX/GLCD D16
PTF21/ADC3_SE6B/FTM2_CH1/UART5 RTS/GLCD D17
PTF22/ADC3 SE7B/I2C0_SCL/FTM{_CHO/UART5 CTS/GLCD D18
1oF2 PTF23/ADC3_SE10/12C0_SDAIFTM1_CH1TRACE_CLKOUT/GLCD_D19
PTF24/ADC3_SE11/CAN1_RX/FTMi_QD_PHATRACE D3/GLCD D20
PTF25/ADC3_SE12/CAN1_TX/FTM1_QD_PHBTRACE D2/GLCD D21
PTF26/ADC3_SE13/FTM2_QD_PHATRACE D1/GLCD D22
PTF27/ADC3_SE14/FTM2_QD_PHB/TRACE_DO/GLCD_D23
PK70FNTMOVMJ12
J18
J18 OFF -> Y1 Enabled
HDR 1X2 TH
o J18 ON -> Y1 Disabled
P3V3 J19
HDR 1X2 TH Lz

iy 2 AI o33V OSC

V c81
1200HM  10UF

50MHZ

0202 1438 14
F—] p
. -
(7
o o, g
1 B - :
U I (N
# n # 508 s
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CLOCK Input
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2 1
100 OHM@100MHZ
HDR 1X2 TH

{10}

DDR2_ADD[12:0] )

ololololo
=|
|
|

DDR2_CAS_B
DDR2_CS B
DDR2_RAS B
DDR2 WE B

DDR2_ODT

DDR2_DQ[150] {10}

P3V3_MCU

VOUT 3V3 0 88

VREGIN

A 219+ boR_Ao DDR_DQO
51 DDR At DDR DQ1
3| DDR_A2 DDR DG2
4 Gio] DDR_A3 DDR DG3
4 Aig| DDR A4 DDR_DQ4
4 Aiq| DDR A5 DDR DQ5
Bii| DDR A6 DDR_DQs
AT5 DDR_A7 DDR_DQ7
4 5i5-| DDR_AB DDR DG8
45000 B3] DOR A9 DDR DQ9
JBI] B3] DDR A1 DDR DQ10
B 15| DDR Al1 DDR DQ11
Dig| DDR A12 DDR_DQ12
P28 :j DDR_A13 DDR_DQ13
P29 DDR Al4 DDR DQ14
DDR_DQ15
{10} DDR2_BAO Lges 2| DOR_BAO
{10} DDR2 BAI — 25 DDR_BAT DDA _GAS
10 DDR2 BA2 DDR_BA2 R G
DDR_RAS
{10} DDR2_CK L Al DR ck DDR_WE
(10 DDR2 GK B $>—DORZ CK.T &is-| DDRCK DDR_ODT
{10, DDR2_CKE DDR_CKE
DDR_VSS1
(10} DDR2_DQMo 3>—DBBRZ DAMO 2 ooR oMo DDR_VSS2
{10} DDR2_DQM1 DDR_DM1 DDR_VSS3
DDR VsS4
v R— o vees
{10} DDR2 DS DDR_DQS! DDR VSS6
By DDR VSS7
VOD_1v8 Da| DDR VDDI DDR VSS8
o B4 DDA VDD2 DDR VSS9
T 85| DDR_VDD3 DDR_VSS10
7| DDR_VDD4
857 DDR VDD DDR VSS BULKI
VREF_DDR2 £16°] DDR_VDD6 DDR VSS BULK2
£12] DDR_VDD7 DDR VSS BULK3
£15-| DDR_VDD8
Gis DDR_VDDS
DDR_VDD10 vsst
vsse
L LG8 | oon vrer VSS3
Oy VSs4
P3V3 MCU TP13 1UF VDDINT Hl:s VDDINT1 Vess
= i ETH VDDINT2 VSS6
§ vss7
DD = N R ke
vDD2 VSS9
17 18 30 31 23 4 S8 Voo veate
1UF 1UF 1UF 1UF 1UF 1UF Gio | VDD4 vssti
0] VD5
= = = = = = <i0-] VOD6
N N N N N N VDD7
s VPFM £10 oog vouTas
2 1 N5
100 OHM@100MHZ ) VREFH VBDA
2 1 1 P VREFH
[c22 100 OHM@100MHZ '\’\1 VREFL
Ta vssA
= F5-| VREFOUT CMP1IN5_CPOINS ADC1SE18
R olUF 2 s VBAT VREGIN
L I—WWDDMHZ 20F2
1

2 1
100 OHM@100MHZ

P

2016/25/32
Coin Cell

DNP
VREF OUT
VBAT
V3 _MCU t: 1-2
23v3MC0)
J17
1
2
1o
HDRTH 1X3
e
1UF

PK70FN1MOVMJ12
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(489 PTAD.29] . .
P33 MCU Pavs
P5V_TRG_USB s Re7
1 PTA3 PTAS s
3108 PTAD
5 PTA2
J2 pNp KEY - EIN T 3 0_cE PTAT 100K
2 PTA4 R72 0 EZPCSRA slso
1 TGT PWR 1 OUTULPI CLK RTZ PTA6 Place R137 and R138 as close as
L 3loo e PTa possible TOGETHER and close to US53
HDR 1X2 TH 7193 TRACEDZ\UL PTAB
Default: no sh 200 LRACED3\UL FTA7
(bisconnect Ta )
JTAG HDR_19P
o o
(7.89)  PTE[.28]
M[1.44]
/ N
On Board OSBDM/Serial Bridge |
c13
0.AUF
P5V_USB B =
Board Rev T Board ID U9
P3V3 — 13 eEQ
M4 R40 4.99K 12 S Lyl PTAO,
DNP [ DNP | DNP IMIT A 4 ‘ PTAT
PRI PR®R PR3 ? R P Ret 10— 8 PTAS
? R® 100K P 10.0K »10.0K 100K 10.0K JM13 pour 9¥ 30E 3 PTA2
3A
10.0K JM15 4 558 8
26 4 20E 2y ]
R85
M2 2A 5
JM34 XD R¥D EN B 10 3 BRDG RXD PTEI7
B %1 s TOE S 1Y
1A 5
PSV_USB P5V_S|
1 7aLvcizs™ Pava RXD Source Select
. . R3s JM15__our En B
? R P RBYP AW
11 9 15 10.0t 10.01 10.0K =
2| 2 Ri5
[1OUF 1UF 1UF 18K UBA 330
vee
= = = 1 Mtz b 3 2 «
«
B us ) GND g
TS 74HCT125, | P3V3_MCU
3 4 ovrens M5 s D2
1_1%01 B e 23 JM23 RESET
T e PTEOTXD1 E PTBOMISO2/ADPO 55 Ao DNP S o
5 R SN74LVCOAAPWES PTE1/RD1 3 PTBIMOSI2/ADP1 55 e = S Ant ORANGE |
P i1 T PTE2TPMICHD S PTB2/SPSCK2/ADP2 |55 e - To.0k
10.0K CLK_EN
ouT EN o itz PTESTPMICH1 g TBI/SS2/ADPS [—57 oy of
DouT 13 PTE4MISO1 DP4 75 JM28 RESET B
ESTEOT e PTESMOSI1 PTI DP:
= = PTEG/SPSCK1 R74 j
N PTE7/SS1 )
uac 0 JMao M1 TRESET ouT RSTBD 1 a2 sw3
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1 Purpose

The purpose of this document is to provide a written overview of the TWR-K70F120M board. The schematic
source, BOM, layout, and other design files are all available for download from the Freescale website (TWR-
K70F120M-PWB). The schematics and board design package are useful for reference, but notes embedded in
the schematic are not sufficient to document important items and explain design decisions.

This document will walk through the schematic for the TWR-K70F120M rev C2 board page by page providing
explanation for connections on the board and pointing out design rules and tips.

1 Abbreviations

This summary will refer to components using the reference designators in the schematics. The beginning
letters or letters identify the type of components as follows:

C = Capacitor ex: C1
D =LED ex: D1
J = Connector (male)ex: J1
P = Plug (female) ex: P1

R = Resistor ex: R1
T = Transformer ex: Tl
U = Device ex: Ul
Y = Crystal ex: Y1
RP = Resistor pack ex: RP1
SW = Switch ex: SW1

TP = Test point ex: TP1

DNP = Do not populate. There is a footprint present on the board for the component, but it is not installed
on the board.

2 Schematic Page 1 - Table of Contents and Revision History

3 Schematic Page 2 - Notes

In addition to some notes on units and signal nomenclature, this page provides a list of the power and ground
nets used in the design. This includes the nominal voltage for each rail and a brief description of the usage.
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4 Schematic Page 3 - Unused

5 Schematic Page 4 - K70 Processor (Non-DDR signals)

This page is the first part of the symbol for the K70 processor. In general most of the signals are routed to
buses or other off page connectors so that the signal names can be references for making connections to
circuitry on other pages of the schematic.

5.1 Clocks

There are three clock inputs available on the K70 processor, all of which have circuitry on this page of the
schematic.

S TIP:
All signals on your board should be properly coupled to a plane with enough distance between traces to
make sure the traces couple to planes instead of each other. This is particularly important for clock
signals, so pay special attention to the layout of all clock traces.

5.1.1 EXTALO/EXTAL_MAIN

The circuit in the lower, left hand side of this page provides the primary clock input to the processor on
the EXTALO pin (EXTAL_MAIN net). This board is designed to support an RMII Ethernet connection. In
order to support RMII, the 50MHz clock used for the Ethernet PHY must also be routed to the processor
on EXTALO. For the tower system, a TWR-SER or TWR-SER2 card configured for RMII operation would drive
the 50 MHz PHY clock on the CLKINO net shown here. Because the tower needs to run in stand-alone
mode (no other tower cards present), there is also an option to use an on-board 50 Mhz oscillator to
provide the main input clock. Jumpers (J18 and J19) and/or 0 ohm resistor population options (R94 and
R122) can be used to select between the two clock sources.

In order to support the flexibility of the tower system, the circuit here is more complicated than what
would be used in a typical end system where the input clock would usually come from a single, fixed
source.

= TIP:
Keep in mind that if RMII is being used the EXTALO input must be 50 MHz and the clock trace length
should be setup so that the clock reaches the Ethernet PHY and processor at the same time. Skew
between the two clocks could result in timing violations on the RMII signals.
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5.1.2 EXTAL1/XTAL1

The K70 supports a secondary high frequency clock input on the EXTAL1/XTAL1 pins. The Kinetis Peripheral
Module Quick Reference document (KQRUG) available from the Freescale website, contains useful
information and board layout guidelines for crystal circuits. Please refer to “Section 2.1.3.3 Oscillators” in
the KQRUG for more information.

= TIP:
0OSC1 can be used as the reference clock source for one or both of the PLLs, but there are some
restrictions on its use. The following items should be taken into account if you are considering using OSC1
as the main clock input on your board:

e Either OSCO or OSC1 can be used as the reference clock source for the PLL being used as
MCGCLKOUT.

e Only OSCO or the RTC OSC can be used as the FLL reference clock so one of those clock sources
MUST be available to the MCG if using FEE, FBE, or BLPE clock modes or when transitioning from
the reset default FEI mode to PBE mode (or any “external” clocked MCG mode). You must
transition through FBE mode to enter PEE mode and use the PLL as the MCGCLKOUT source.

e [f OSC1 is to be used it must be configured in MCG_C10 and enabled in OSC1_CR.

e [f OSC1 is the only external clock source then the only MCG clock modes available are FEI, FBI and

BLPI.

5.1.3 EXTAL32/XTAL32

The final clock is the 32 kHz oscillator. This input is primarily used as the reference clock for the real-time
clock (RTC), but in some modes it can be used as the main reference for the entire processor. The
schematic includes loading capacitors and a resistor for the crystal circuit (C77, C78, and R93), but these
components are not populated (DNP). The loading caps are not required because the K70’s internal
oscillators include programmable loading caps up to 30pF. In this case the internal loading caps can be
used, and so the external caps are not necessary.

5.2 USB

In order to maximize the eye for the USB signals, it is important that the on-chip FS/LS transceiver signals
(USBO_DP and USBO_DM) include 33 ohm series termination resistors. These resistors need to be placed
as close to the processor as possible. The USB signals should also be routed as a 90 ohm differential pair.
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6 Schematic Page 5 - K70 Processor (DDR signals and Power)

This page is the second and final part of the symbol for the K70 processor. This portion of the symbol includes
all of the power and ground signals for the processor and the signals for the DDR memory interface. The DDR
signals will be discussed later on the DDR memory page.

6.1 DDR_VDD

The DDR_VDD pins are used to power the I/O pads for the DDR signals. This net can be 1.8V or 2.5V
nominal depending on the type of memory being used. 1.8V is used for DDR2 or LPDDR1. 2.5V is used for
DDR1. The TWR-K70F120M uses DDR2 memory, so DDR_VDD is 1.8V nominal.

6.2 DDR_VREF

The DDR_VREF net is actually not used as a reference for the DDR pads on the processor. The DDR2
memory on the TWR-K70F120M does require DDR_VREF, so there is a special regulator included to
generate this voltage (on page 11). For DDR1 and DDR2 designs, the DDR_VREF net can be tied to the
VREF used for the memory.

For LPDDR1 designs, the memory does not need VREF, so the DDR_VREF net on the processor can be tied
to VDD_DDR. A midpoint VREF voltage is not required.

6.3 VDD_INT

In order to allow for reduction of power without affecting the I/0 rails, the K70 includes VDD_INT pins.
The VDD_INT pins are used to supply power to the internal logic on the chip. J20 is provided so that the
current draw on VDD_INT can be measured and/or a different voltage can be used to supply VDD_INT
than what is being used for VDD.

In a typical design VDD _INT would be connected directly to its power supply circuit or the VDD rail.

6.4 VDD

The VDD pins are used to supply the power for the I/O pads on the processor with the exception of the
DDR pads and the RTC/tamper pins. J8 is provided so that the current draw on VDD can be measured
and/or a different voltage can be used to supply VDD than the 3.3V supply that is provided.

In a typical design VDD would be connected directly to the main power supply circuit. Separation of the
power into P3V3 and P3v3_MCU nets is not recommended unless there is a specific need for separate
nets.
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6.5 AVDD/AVSS

The AVDD and AVSS pins are the power and ground for the analog blocks on the K70. In order to minimize
noise to the analog blocks both AVDD and AVSS are a filtered nets derived from the main VDD and VSS
nets for the processor.

6.6 VREGIN

The VREGIN pin is the input to the on-chip USB regulator. In this case the USB connector is off-board so
the VREGIN net comes from the elevator connectors (page 8). A jumper is supplied so that VBUS can be
disconnected and/or a voltage can be supplied directly.

For a typical USB device system, VREGIN would be connected to VBUS from the USB plug. The USB
connector is subjected to ESD from users plugging/unplugging cables, so some ESD protection on USB
signals including VBUS is strongly recommended.

For a USB host system, VREGIN would still connect to the USB plug, but as the host needs to supply power
a 5V power source on the board would be used to power both VREGIN and the VBUS at the plug. ESD is
still an issue for hosts, so again, ESD protection on the USB lines including VBUS is strongly recommended.

= TIP:
VREGIN is used to provide power to the on-chip FS/LS transceiver. In order to use USBO_DP and USBO_DM
VREGIN MUST be powered.

6.7 VOUT33

The VOUT33 pin is the output from the on-chip USB regulator. The USB regulator can supply 3.3V and up
to 120mA that can be used as the main power for the processor (VDD) and powering the board. Because
the total current for the tower system with peripheral cards plugged in can exceed 120mA, the tower
board is not setup to be powered by VOUT33 by default. R88 can be populated to experiment with this
feature.

6.8 VBAT

The final power domain for the K70 is the VBAT domain. The VBAT powers the RTC, Drylce, and a small
register file. On the tower board the VBAT can be powered directly from the same supply as VDD or you
can use the coin cell circuit. The diodes in the circuit allow the VBAT to be supplied by P3V3_MCU (VDD)
when the net is powered or by the coin cell if the main power is not present. For a typical end application,
only one approach is needed, so J17 would be removed and VBAT would be connected as needed for the
specific system.

TWR-K70F120M Executive Summary Page 7 of 12



<>

Z “freescale"

semiconductor

6.9 Decoupling/Bypass caps

The exact amount and value of decoupling/bypass caps required for a design will vary. The values used on
the tower board should only be used as a reference. The value and quantity of bypass caps needed for
your own design will most likely not be the same.

6.10 Test Points

The tower board is an evaluation system, so test points, jumpers, headers, and connectors are available
on most signals to allow for monitoring and debugging. While some applications might not allow for
liberal use of test points and other means of monitoring signals (especially if the application has size
constraints), keeping test points on critical signals can make debugging a much smoother process.

7 Schematic Page 6 - 0S-BDM/JTAG

This page is the open source JTAG circuit. This on-board debug circuit provides a JTAG debug interface and
a power supply input through a single USB mini-B connector. The OS-JTAG also includes a virtual serial
port.

For most designs inclusion of a full JTAG debugging circuit is not needed. A typical end application would
only include a standard ARM JTAG header, and in many cases the header would not be populated on
production units. ARM has standards for several different connectors in different form factors. The
number of pins and size of the connector can be selected based on design constraints and debugging
capability required for the application.

8 Schematic Page 7 - SD Card, IrDA, and Pushbuttons

8.1 SD Card

The SDHC module on the K70 can be used with either a full size SD connector or a micro connector. The
TWR-K70F120M board has a micro SD card connector. The card detection is done using a GPIO signal.
There is an erratum that affects detection of SD card insertion and removal, so use of a GPIO signal for
card detection is recommended over using the card detection features of the SDHC module. Refer to
device errata e6934 for more information.

8.2 IrDA

The TWR-K70F120M includes an IR transmitter and receiver. The PTD7 pin was selected for the IR
transmitter specifically because there is an option in the processor for extra drive capability on this pin.
The PDT7 pin is double bonded to two pads within the package, so it can be configured for dual-pad drive
strength. This setting is configured using the SIM_SOPT2[CMTUARTPAD] bit.
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8.3 Pushbuttons

There are two simple pushbuttons included on the board for use as general inputs to control an
application. The signals used for the pushbuttons were selected to minimize conflicts with other functions
of the pins being used elsewhere on the board. In general all GPIO pins have the same functionality, so
any free GPIO would be suitable for use as a pushbutton input. Keep in mind that there is only one
interrupt line per GPIO port, so when possible try to use GPIOs from different ports if interrupt capability
is needed. This will prevent/reduce the need for polling inside of the interrupt handler to determine the
specific pin that triggered the interrupt.

9 Schematic Page 8 - Elevator Connectors

While the TWR-K70F120M is designed so that it can be used by itself, the functionality of the board can be
expanded by building a tower comprised of the MCU card and peripheral cards. The tower peripheral card
schematics are useful references to see how peripheral circuitry that is not included on the main MCU card can
be connected to the processor.

The backside of the elevator connectors provide excellent access to all Tower card signals to assist with

hardware debugging. Note that the Kinetis K70 is highly integrated and uses signals on the secondary elevator
card where many lower end devices do not.

10 Schematic Page 9 - Sensors

10.1 TWRPI connectors

In addition to adding tower peripheral boards, the tower functionality can also be expanded by adding
tower system plug-in boards (TWRPIs). Like the tower peripheral cards, TWRPI boards can be a good
reference to see how various sensors and other devices can be connected to the processor.

10.2 Sensors
The TWR-K70F120M includes an accelerometer and touch electrodes with LEDs.

The accelerometer communicates with the processor using an 12C interface. The 12C bus is designed as a
multi-master/multi-slave bus, so the same 12C bus used to communicate with the accelerometer is also
used for the TWRPI and the elevator connectors.

The touch electrodes used on the tower board are simple rectangular electrodes with a small hole in the
middle so that an LED can be populated under the board to shine through the electrode. A large variety of
electrode patterns and arrangements can be supported. Refer to AN3863 “Designing Touch Sensing
Electrodes” for more examples and hardware guidelines for touch electrodes.
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11 Schematic Page 10 - DDR and NAND

11.1 DDR2

The K70 includes an SDRAM controller that supports DDR2, LPDDR1, and DDR1. The tower board uses
DDR2 memory, but in general the rules for connecting any of the three memory types are the same.
Making the schematic connections for the memory is simple, but the layout can be tricky.

11.1.1 DDR Layout Recommendations

e Try to minimize the overall trace lengths. The DDR should be placed as close to the processor as
possible.

e The data, DQS, and DQM signals for each byte lane should be matched. Ex: DDR_DQ[7:0],
DDR_DQSO0, and DDR_DMO should be matched.

e Data bits can be swapped to make layout simpler, but any data line swaps must be within the same
byte lane. You can swap DDR_DQO and DDR_DQ1, but not DDR_DQO and DDR_DQ8.

e The address and command signals should be matched--DDR_A[14:0], DDR_BA[2:0], DDR_CK,
/DDR_CK, /DDR_CAS, /DDR_CS, /DDR_RAS, /DDR_WE, and DDR_ODT (if used).

e DDR_CK and /DDR_CK should be routed as a pair.

11.1.2 DDR Simulation

Freescale recommends using your board layout file, the processor IBIS model, and the memory IBIS model
to perform signal integrity simulations of DDR signals whenever possible. These simulations are the best
means of determining if termination resistors are required on any of the DDR lines before spinning a
board.

11.1.3 Terminations

The exact terminations required for the DDR signals can vary depending on your specific board and the
type of DDR that is being used. For many designs, especially if the overall DDR trace lengths are short
(recommended less than 2 inches), terminations might not be required at all. NOTE: LPDDR1 designs
should never need any parallel terminations. For longer trace lengths series terminations might be
needed.

All parallel DDR termination resistors consume power, so elimination of external termination resistors is
desired whenever possible. In addition to reducing power, removing parallel terminations also simplifies
the BOM and the board layout. DDR1 designs might require parallel terminations on all signals (both data
and address/control). DDR2 designs can make use of on-die terminations for the data, DQS, and DQM
signals, so if parallel terminations are needed they would only be used on the address and control signals.

S TIP:
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Keep the overall trace lengths short should be one of the key goals for the DDR layout. If the trace lengths
are short, then the design most likely won’t need any external termination resistors.

11.2 NAND

The K70 includes an on-chip NAND flash controller. The NAND signals are shared with the FlexBus
interface; however, the processor can switch between functions dynamically. This means that a board can
use the FlexBus and NAND with no pin conflicts, but you cannot access memories or devices on the
FlexBus and the NAND simultaneously.

12 Schematic Page 11 - DDR Regulator

Use of a regulator specially designed to supply Vref and Vtt voltages is recommended for any DDR design that
requires parallel terminations. Designs that do not require a Vit voltage for parallel terminations can use a
voltage divider circuit like the following:

0.75V Reference

1V5 SR DDR_Vref

G590
—0.1UF

(0402
1&v)

— C567
0.1UF
(0402
1&v)

S TIP:
Never use the Vref net for parallel termination resistors. It is important to have very little noise on the
Vref as this voltage reference is used by the DDR1 or DDR2 memory to determine if a signal is high or low.
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The current draw through the parallel terminations will cause the Vref voltage to move and can cause
signals to be incorrectly sampled by the memory.
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