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Internal SMPS Circuit External Supply Input Block
1 a1 ™2 3V3_HV_Reg
4
(PG4) VREG_SWP 3
TP3 ‘ x 1
LI 5V.0C R 33V DCR  125V.DCR
5 J1
. 6 1
(PG4) VREG_I-SENSE > S134438D% = = = = = = o
1.25V_SR_LDO ™ C7_||10000F | 24K ° 2
Place close to Q2.4
2 1 . 1.25V_SR LDQ REG 1 2 3
O=0 L1 220H ol °
4
HOR 1X2 2R3 c1o ct1 sliciz elicts eficta elicts elicts D1 °
240K 0.1uF 0.1uF A0uF A0uF A0uF A0uF A0uF ss8PaL CON_4_Tt
DNP a =
1.28V_SR 1.2V DC_R
J2 = = = = = = =
1 2 - - - - - - - - o
3 3 1.25V_SR_LDO
HDR_2X2 =
3.3v Regulation
50V SR 5V.DCR
3 ut 3V3 REG o 3V3_HV_Reg
1 2 5V_IN i H
3 T e 50V_SR_LDO ) 9 4 3v3_HV_LDO 11 50/ SR SV.OCR Eagle Supply Switching Reg - 4A, 4.2V
709 VINT vouT1 Q=0
HOR 2X2 VIN2 vouT2
= ar L HDR 1X2 4 N The loops formed by the input capacitors
u 1 2 should be as small as possible by placing the
2<—— DN ENSE/AD. i
C SENSEADJ 3 4 L capacitors adjacent to the VIN1/2 and GND1/2 pins.
— ENABLE PGOOD
= o HDR_2X2 The input capacitors, along with the inductor and
ss GND output capacitors, should be placed on the same side
of the circuit board, and their connections should
33VSR 38V.DCR EPAD *chw be made on that layer. Place a local, unbroken
- 3.3V SR LDO ToF u2 ground pla the application circuit on the
95 23V SR 10O N 1SL80103IRAJZ = layer closes he S;é;f/gszol?vex‘-
1 2 _SR_L 14 _GD_T
310914 TN100F ENUV
HDR_2X2 : vt
— POWER_GD_1
c22 601 19 Lo
SYNC/MODE 4V2 SW_REG
- - TRISS R9 0
2 C25
? INTVCC - al
. . 2—10uF =
3.3v Linear Regulation for DAC o1 1ou 22
HDR TH 1X3 ToF RT -
50V LR 5V.DC R 5.0V LR_HV a 858
2 R11 z zz
3v3 REG = MK 5 &6
o us 3.3V_LR_HV_DAC o o] o] LTeeia
1 2 E i
3 4 3 2 R12
VIN % vout = 412.0K
NOTE: SYNC Pin should be
HDR_2X2
- o|ic29 o o|ic30 tied to INTVcc for Pulse Skipping
2UF APTITY33G-13 10uF Mode, or external clock can
be applied for synchronisation.
DO NOT LEAVE FLOATING.
3v3 REG
u4
— uin vout 2 3V3_LR_HV_RAW < 3V3_LR HV_RAW (PG4)
2
oficat © elica
2UF AP1117Y33G-13 10uF H
: J . Supply Status LED's GND Test Points
3V3_HV_Reg 5.0V_LR HV 4V2_SW_REG 5.0V_LR_HV
¢ R148 R149 2 Ri151 R150
1K 11K 1K 11K
1.2v Ethernet PHY Regulator
D5 D6 D7 D8
BLUE BLUE BLUE 1.25V_SR_LDO BLUE GND GND
s V2_LR_HV - >
> >
3.3V_SR_LDO
—= ? o N1 outt Hg B3 o o] o]
IN2 ouT2 - _ =
c33 % 7 20 } R14 = = =
uF IN3 ouTs 100k | elicaa [
14 100F W2 MMBT3904LT1G
EN 4
= 13 PG
- ¥ ss 2
5 SNS. =
*—o | s0Mv 3 B
7 100Mv FB >
5| 200Mv
10 400MV/
¥— 800MV o
X—H16V o F 12
20 N Ne A
!
0o uw
TT TPSTAT100 v {
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J33

125V SRLDO 2 [P 11 126V SRLDOLV . . . .
=1
HOR 1x2 ca7 [ (1] C50 c51 c52
Iqu Iqu 4.7uF :[4 TuF IA,NF IA,NF
= = = = = = o2l ol (2] ololo) ul1c L3 48
i o e | SKT BGA 257 TH + S32R274 2 R~ 2 1_1.25V_SR LDO
439 CamYwor@oo-NOT® C53 s T O=0
3.3V_SR LDO 1 omo2 8888888880a00a0 1000pF 0.1uF G55 600 O HOR 1X2
i 555555555gg0g0000 10uF m
HDR 1X2 56 cs7 1A
49 uF 0.1uF L3 D9 1.25V_SR_LDO
3.3V_SR_LDO 1 Omo2 . . . 33VSRLDOIO . . = = N4, xgg,w,ﬁgg,hi VDD_LV_DPHY 1.25V_SR_LDO T
_HV_ADC.| R
FDR 1X2 cs8 59 60 ce1 | ce2 63 VDD_HV_ADCREFQ N2 [\ aooReR V0D LY 10 AURORA 6 P8 F IWF
0.1uF 0.1uF 0.1uF 0. 1ul 0.1uF 0.1uF M1 VDD HV ADCREF VDD LV 10 AURORA R7 R7 oquj I o I o - - Tpg
VDD_HV_DAC_2v5 ce J3 - T cuwe T ou
L L L - L L AV DA £5-| VDD_HV_DAC 2v5 VDD_LV_I0_MTI QAE 40 cos coo
= = = = = g VDD_HV_DAC D3 T ouwe [ e
; ; ; ; ; ; VDD_LV_RADARDIG [~G3
c70 c7 c72 c73 c7a c75 c76 33V_SR LDO FLA L VDD_LV_RADARREF C79 ] cao
0.1uF 0.1uF 0.1uF 0.1uF 0.1uF 0.1uF 0.1uF RV 1 ! (J) 0.1uF 1uF
E4 ] c82 C77 ==C78
I I I I I I I A6 | VDD_LV_SDADC M c83 cea 0.1uF 1uF 047UF|_0.1uAP33 = = P10
E15 | VDD_HV_I0_A16 VDD_LV_SDCLK g5 TF =0 10F
K14 | VDD_HV_IO_E15 VDD_LV_SDPLL T T we = =
p——| VDD_HV_IO_K14 7 - -
? ? ? ? ? ? VDD_LV_LFASTPLL [———————— ~ - 1.25V_SR_LDO
c8s c86 c87 ces c89 c90 co1 ‘ €92 €93 ) €95
0.10F 0.1uF 0.1uF 0.1uF 0.10F 0.1uF 0.1uF U6 | oo v 0 ute vob LV osc |3 Iqu ‘Lu,mF ‘Lu,oqu fWOODF
I e I e e R e Wi e— L reg LY TV I L
= = = = = = = VDD_HV_IO_N17 P34 ) ) )
- T T T T T TR = = -
)_HV_IO_ N15 1 2 125V SR LDO
VDD_HV_I0_PWM VREG_ISENS O=O
33V_SR LDO 1 [7J:‘AA 2 gl; VDD_HV_I0_PWM P16 KVREG.I-SENSE ‘PGl“Lceg *Lcmu ‘Lcwm *Lcmz HDR 1X2
/ SR | O=O . . . . VREG_POR |18 ((VREG_POR B  (PG6,7)
RI6 D1 | VOD_HV_PMU VREG_POR uF 0.1uF 0.01uF _|_1000pF
HOR T2 (PG3) 3V3_LR_HV_RAW T15| VDD_HV_RAW N4 L = — —L-1000p!
3el. VDD_HV_REG3V8 VREG_SEL [Ryg - - - -
VREG_SWP [———<KVREG_SWP (PG3;
rooosanTY
CR2RSARNR
Japapayapatapatata)
6868863858848
5555555555
Snigaelcielelol
3V3_HV_Reg x R
}_AV_ 33V SRLDO Rz
R18
1.25V_SR_LDO LV REGULATION SELECT 0
nternal Regulation
xternal Regulation J10
HDR TH 1X3
MCU Grounds Supply Decoupling
LAYOUT NOTES:
33V_SR LDO R19 005 VDD_HV_I0_PWM .
| T T T - Decoupling caps should be placed as close to the DUT
C113=—=C114——C186——C115 pins as possible, smallest 0201 caps should be directly on
I‘“F IU“‘FI‘”“FIWOUPF DUT pins where possible.
33V_SR_LDO - = = = = - 3.3V_SR _LDO_IO should have a wide trace length
o] o] vi1D 35V SR LOO FLA - VDD_HV_RGMII trace should have a wide (at least 200 mil)
~lolERlx 22 ol 2 A1 / SR_LDO | —
SI5[3(3) SKT BGA 257 TH + S32R274 OO T 1o trace from 3.3V_SR_LDO_IO.
PRBTRBERR2ES HDR 1x2 TR
BRBLBBBLBBPD = =
222222288009 = =
L4 A10
VSS_HV_ADC L4 VSS_LV_DPHY_A10
P4 _HV_ADC |  LV_DPHY B10
U1 VSS_HV_ADC_P4 VSS_LV_DPHY_B10 |10 33V_LR_HV_DAC
VSS_HV_ADC_U1 VSS_LV_DPHY_C10 [0 R21 005 VDD_HV_DAC
| o2 VSS_LV_DPHY_D10 - Cii8 119 Ci20
— i | VSS_HV_ADCREFO p7 ‘LmF ‘L0,1uF ‘Lwooch
b7 VSS_HV_ADCREF1 VSS_LV_I0_AURORA P7 [gg
VSS_HV_DAC VSS_LV_I0_AURORA R4 i2 = = =
A7 vss_Hv_I0_at7 VSS_LV_IO_MTI [
T1a | VSS_HV IO E14 VSS_LV_LFASTPLL
VSS_HV_IO_L14 VSS_LV_OSC fp VDD_HV_DAC_2v5
VSS LV PLLO [ _HV_DAC
U171 vss hv_io_ut7 VSS_LV_RADARDIG [— Jqu'FZ‘ JLgﬁZF AL%OZEDF
D11 T LT
R15 | VSS_HV_I0_PWM c4 UZE
D3] VSS_HV_PMU VSS_LV_SDADC |64 - - -
VSS_HV_RAW VSS_LV SDCLK |4
T16 VSS_LV_SDPLL
D5 | VSS_HV_REG3V8 Ha
VSS_HV_REGDAC VSS_SUB_INPWBO [ 33V SR LDO VDD HV_RGMII
P8 VSS_SUB_INPWB1 [ /SR | HY |
12| VSS_HV_IO_P8 VSS_SUB_OUTPWB
Bi7 | VSS_HV IO P12
VSS_HV IO P17 QILeL-®2goaay
DRDDDDDDRD DD
BRBBBP88885%
222222222222
ol llclelellelslslz]
SIEREEME SRR
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U118
USB_3v3 -
UART to Mini USB = RRU Connections (PG8) PAQ A wom weo CANO_TXD [ CANO_TXD (PGB)
e b i e v FRe — e
WGM_WG2_P CANT_TXD [175 -
F 05A L4 3300HM I TuF (PG8) PA3 ‘; WGM_WG2 N CAN1_RXD H&’ CANO_RXD  (PG8)
" (PG8) PD8, WGM_WG3_P CAN2_TXD [~g15 — S CAN2.TXD (PGB}
CONN USB MINI-B ur CANZ_RXD CAN2RXD  (PG8)
- CTE_CTEPQ 1128 R,
X RGMII_TX D3
(PG6) CTE_RCS }—— 315 CTE_CTEP1 ENET_TX_D3 ?11 ROMITTX D
veccio CTECTERS D14 | CTE CTEP2 ENET_TX D2 [py RGMITTX DT
vee (PG6) CTE_RFS }>— CTE CTEPT A14| CTE CTEP3 ENET_TX D1 [Ry ROMIETRD0
31 3 CTECTEP D12 | CTE CTEP4 ENET_TX_DO [py RGMI-TX EN
USBDM 0 112 LIN1_RXD CTE_CTEPO 1 TTE_CTEPE C CTE_CTEP5 ENET_TX_EN
useoP RXD oot T e T o1 &5 Crepr
: 2 ~ ut1 RGMII_TXCLK
NC1 R [ 2 L] TTECTEPT 710 CTE_RFS B1s ENET TX CLK g, —
NC2 CTS# [bgr—X HDR_2X2 TTECTERT 5 [° 0 1 CTE_RC Bi7 | CTE_RFS ENET_TX_ER — <K GPIO_PH9 (PGB)
N Strs |2 e o CTEOVFT K15 | CTE_RCS Pt RGMII_RX_D3
NC4 DSR# X —— 1001 C12 | CTE OVFL ENET_RX_D3 [Ry RGMITRX D
NCS5 DCD# 53— (PGB) CTUO_EXT_TRIG Y)—————"5+ CTUD_EXT_TRG ENET_RX_D2 [y RGMIT RX DT
Rift (53 HDR 26 ENET_RX D1 773 RGMI_RX_DU
RESET# CBUSO [ 57— 15 ENET_RX_DO 77 RGWITRX D
NC6 CBUST [Fj5—% = (PG8) DSPI2_CS1 i | DSPI2_CS1 ENET_RX_DV
oscl CBUS2 [47 % - (PG6.8) DSPI2_CSO Bi4 | DSPI2_CSO
0sco CBUS3 [ —X (PG6) ETIMER2_ETC3 DSPI2_CS3 T13
3V30UT cBUS4 X (668 DSPIZ SCK F15 ENET_RX_CLK [~ FLEX_CA RX (PGB)
O oagr 8) ; DSPI2_SCK ENET_REF_CLK
e 0522289 (PG6:8) DSPI2_SIN :‘3” DSPI2_SIN ENET_REF_cLK (212 ENELREF.CLC
L5566 F Hi6
K17 ENET_TIMO [~G15 GPIO_PI1_(PGB)
— RRIE Frasra (PG6,8) ETIMER2_ETCO Y)————————"— ETIMER2_ETCO ENET_TIM1 GPIO_PE15 (PG8)
(o) R0 A1 unt_Rxo ENET_MDIO o120
(PG8) LIN1_TXD LINT_TXD ENET_ MDC [~
F16
ENET_TS1588 |75 GPIO_PF14  (PGB)
F1a ENET_COL GPIO_PH6  (PGB)
(PG68) SIUL EIRQS 17 PAS R14
(PGB) PA9 B76 | PAY 12C1_CLK |14 12C1_CLK (PG8)
(PG6,8) Dpsgg,iggT D16 | PA12 12C1_DATA 12C1_DATA  (PGB)
RGMII_RX_CLK ( PB3
P brits cam_cik_outo [P4——K cik_outo (pag)
SKT BGA 257 TH + S32R274
L5 6000hm 33V SR_LDO .
1 - Flexray/FlexPWM Connections to MB
DVDDH_AVDDH 2 1
RGMII_RX_DV R69 0
Gb Ethernet PHY ciat craz DNP FLEX CBRX (PGE)
10uF 1UF
o RGMIl_TX D2
L7 R70 [}
6000hm  3.3V_SR_LDO NP FLEX TXEN.B (PGB)
= 1A
AVDDH_AVDDH 2 1
RGMII_TX D1 R71 o
c198 c1e2 c1e5 c1e NP FLEX.TXD_8 (PGE)
01uF 1uF 1uF
o RGMII_TX D!
V2_LR_HV = - Bz L FLEX_TXD_A_PD0 (PGS)
— L6 -
DVDDL_AVDD) . 2 1
RGMIl_RX_DO R73 [}
c143 Cctag cta7 Ctag ci50 cist ci5: . ci53 DNP PDS (PGE)
1000pF —0.01uF == 1uF 1uF = 1uF 2 uF —=qouF  6000Nm 1UF
olsle | ol 10v 1
) o RGMII_RX_D1
e —= Rrd u PD6 (PGB)
TN — ) BNP
] 2 = s TVZLRHV
858 88 2 DvoDL 1 [ AVDDL_AVDD) RGMII_TX_D3
= ! [8 2 1 RS 0
RGMII_TXCLK 24 333 2=z DVDDL_2 [53 DNP PG10 (PG8)
GTX_CLK DVDDL3 726 c206 c207 c208 c209 c204 c203 c201 c202 C205 c199 c200
33V_SR_LDO RGMII_TX_DO 19 gxggt—g 30 = = = E = = = = = = 600 Ohm 1uF
3 o ———2y s 1A RGMII_TXCLK
pvooL 6 2 ELSP 0 PG11 (PGS)
AVDDL_1 Fg—] =L
AVDDL_2 a4 - RGMII_TX_EN RI7 0
44 V890-1AX1-A1 DNP PC15 (PG8)
AVDDL_PLL 14
[LEDYC [
RGMII_RX_CLK MDI
— RX_CLKIPHYAD2 13 - B8 L PGS (PCE)
RGMII_RX_DO 32 2 TRDOP M
RGMITRX DT 37 RXDOIMODEO TXRXP_A 7 Ro7
RGMITRXD: 58| RXD1/MODE1 TXRXM_A 680 MpC RT9 o
RGMITRX D! 57| RXD2IMODE2 TXRXP_B 33V SR LDO BRE PGY (PGB)
—= RXD3/MODE3 TXRXM B e i
RGMIl_RX_DV 33 TXRXP_C
RX_DV/CLK125_EN TXRXM C [1g RGMIl_RX_D2 R8O 0
TXRXP D 3 TROZN t 6 DNP PH4 (PGS)
TXRXM_D = v R28
! 2 80 RGMII_RX_CLK
q R81 0
33V_SR_LDO c1s5 NP P13 (PG8)
0.1uF 1
16V 16V
RGMIl_RX_D3 R82 0
DNP
33V_SR_LDO
42 ——
47Kpae,7) RESETB Yp— 424 REGET ENET REF CLK  Rot o
—= BNP GPIO_PI2 (PGS)
38 | e
ENET_CLK INT/PME_2 R32 9 R33
? 10K 10K
ENET_REF_CLK 41§ £\ K125 NDOILED_MODE - Keep zero ohm links close to RGMII trace.
Joc N 17 - Keep trace length before link matched for
MDIO a7 NS LEDY/PHYADOPME_T l all RGMII signals.
15
LED2IPHYAD1
X0 45
0 x0
X 46
Y1 xi LAYOUT CRITICAL!
1
ISET - use short parallel traces with same length
D for pairs. 3x min distance between pairs.
— 2 3 Nors - 3x min distance to other signals inlc. GND
50V
25HZ Near o
ABMIN25,000MHZ 82T v 2
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2 1 1
J15
MIPI-CSI2 Connector  arioorioak
SH: SH1 a2, _FW,REG
1
Ut1A 3 {
SKT BGA 257 TH + S32R274 5 1
SD_0_ADCN = o g Y
w3 A1 C161]| 0.220F 2 1 [
(PG8) ADCO_AN_0 N1 | ADCO_AN_0 SD_0_ADCN g7 Ll C162][0.220F D_0_ADCP 219 3 PGS) ETIMER? ETCA 1
(PGB) ADCO_AN_1 N3 | ADCO_AN_1 SD_0_ADCP tls 5 g 5 (PGS) . ¢ o 3 1
(PG8) ADCO_AN2 ADCO_AN_2 SD_1_ADCN 5 7 D_0_ADCNPNP e, 6] 15 1
(PG8) ADCO_AN 3 P ADCOAN 3 SD_1_ADCN B2 C'SS.HMZ“F C160][0.220F DT _ADCP ‘ I ° D_UADCP | | 17 1 o
(PG8) ADCO_AN 4 R1| ADCO_AN_4 SD_1_ADCP cls V] 191 ADCO_AN 0
(PG8) ADCO_AN 5 ADCO_AN_5 A3 " SD_2 ADCN HDR_2X4 N T
(PG8) ADCO_AN 6 T4 ADCO AN 6 SD_2 ADCN g3 - 63.“022“F A [0250F D2 AD! (PGS) CTE_RFS [z R
(PG8) ADCO_AN7 R5 | ADCO_AN_7 SD_2_ADCP el === pess) DsPIz SOUT — ESET B (PG56,7)
(PG8) ADCO_AN_8 ADCO_AN_¢ e SD_3_ADCN o [
(PG8) ADCO_AN_11 ; ADCO_AN_11_ADC1_AN_11  SD_3 ADCN Q: + 0165.“0 A 166 [0225F D3 ADCP (PG58) DSPI2 SIN CTERCS  (PGS)
(PG8) ADCO_AN_12 75| ADCO_AN 12 ADC1_AN_12  SD_3_ADCP v tls (PG5,8) DSPI2_CSO 31 1 CSI_LANE2N
(PG8) ADCO_AN_13 U | ADCO_AN_13_ADC1_AN_13 N (PG5,8) DSPI2_SCK TSI LANEZP
(PG8) ADCO_AN_14 ADCO_AN_14_ADC1_AN_14 36|
SD_CM ? 38 37 1 CSI_LANEOP
5D PG5,8) SIUL_EIRQS
PG8) ADC1_AN_0 4 R JLCW Lcwes a8 e o e N
¢ 11| ADCT AN O 0.1uF 1uF 2 | [
(PG8) ADC1_AN_1 Ka | ADC1_AN_1 MCU_CLK_P CSI_CLKN
(PG8) ADC1_AN_2 2 ADC1_AN_2 = = WMCU CCR_N &7 CST_CLRP
(PG8) ADC1_AN_3 ADC1_AN_3 AR_CLKN_0 N N W]
AR_CLKP_0 - )| 2 CSI_LANE1P.
52| CSITANETN
CSI_CLKN Q; CSI_CLKN AR_TXN_O "7 (PG5,8) ETIMER2_ETCO = -
—=——————F————— A CsiClkp ARTTXP0 DRFO_TXP s MCU_CLK_SE 56 | 55 1 CSI_LANESN
CSI_LANEON 3 CST_CANE3P
ég CSI_LANEON AR_TXN_1 519 DRCLK 60 | 7
§60 - ¥
CSI_LANEOP AR_TXP_1 DRFO_RXN 712 SH H3.
CSILANETN A8 DRFO_RXP 59 0
a Ba ] CSILANEIN AR_TXN 2 10 2
CSI_LANE1P AR_TXP_2 0
CSI_LANE2N A5 ERF8-0(
T W BS CSI_LANE2N AR_TXN_3
— CSI_LANEZP ARCTXP 3 v LAYOUT CRITICAL!
CSI_LANE3N A9 - Use short parallel traces with same length
R38 a0 CarANESR uts BROLK for pairs. 3x min distance between pairs
Place R3S & CSI_LANE3P LFAST_REF CLK [jg —DRFU_RXN_ P . n p -
18 Match length LFAST RXN =3 DRFO_RXP_ - 3x min distance to other signals inlc. GND
3 B [ B e — - Avoid vias where possible but if required
2 19 DREOTXN ensure they are matched for all signal lines,
5 DAC_AN LFAST_TXN [jg——DRFUTXP_ f Yy g
= DAC_AP LFAST TXP [— with 50ochm controlled impedance.
HDR THX3 - DAC_AP. cs G1 .. MTI_NO_IUC a9 - Ensure all pairs have matched trace lengths, c
T DAC_C MTLNO Gz MT_PUI0C T8 09 45 551 1102 P 106 including CLK lines.
R39 300 - - Ensure no tracks run parallel to diff pairs to
c174 ci72 D4 H1 eren MTI_N1_IUC WTI_NO_TUC nsure P P
PO — 04uF  3.3V_LR_HV_DAC AFE_FILTER MM'_HJ& H2 T WTT_P1_10C :\m Z« Hé minimise crosstalk.
= 1ov - R e
= g MTI_N2_IUC WITT_PZ_T0T
MTI_N2 > WTT_PZ 10T WTT_NT_TUC
' ' MTI_P2 MTT_N3_T0T
ci78 c179 180 XOSC_EXTAL F1 Ki 7t MTLN3 UG To use Eagle Differential clock supply
TuF 0.1uF 1000pF XTAC BT X95C- A TS ke T WTP3IuC Clock Sources solder O-ohm links M5 & M6.
=g - L DNP To use External SMA supply remove the above
L L L o o MU OLK SE and solder M3 & Md.
= = = rir W s
(PG8) FCCU_F_0 éé M4 ] FCCU_F_0 u10 NPC_NEX_RDY_B. MCU_CLK N
(PG8) FCCU_F_1 FCCU_F_1 NPC_NEX_RDY_B [~E77 1 Supply from Eagle via
N16. NPC EVTLIN "G94 — NPC EVIO B = MCU CLK P | ! MIPI-CSI2 connector.
D — e y
(PG5,6,7) RESET_B RESET Eg i “
. =) LAYOUT CRITICAL! M5 ) we | M7 ) 20
C3vo £9¢ - use short parallel traces with same length DNP § DNP § DNP 1 [z CON 1 SMA
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