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TPM@ : TPM function
DSP@ : DSP function
N14@ : DGPU N14P-GT
N15@ : DGPU N15P-Q1

CPU PCH
uvit uvit

NISRI@ N5P-Q1  N14R1@ N14P-GT

CPU
uvi

NISR3@ N15P-Q1  N14R3@ N14P-GT

Samsung 2G Samsung 2G

s

s

K4G41325FC-HC04_FBGA170P~D
VRAMSR3@

uve

K4G41325FC-HC04_FBGA170P~D
VRAMSR3@

Y

K4G41325FC-HC04_FBGA170P~D
VRAMSR3@

K4G41325FC-HC04_FBGA170P~D
VRAMSR3@

K4G41325FC-HC04_FBGA170P~D
VRAMSR1@

Y

K4G41325FC-HC04_FBGA170P~D
VRAMSR1@

®

J4G41325FC-HC04_FBGA170P~D
AMSR1@

O

K4G41325FC-HC04_FBGA170P~D
VRAMSR1@

Hynix 2G

s

H5GC4H24MFR-T2C_FBGA170P~D
VRAMHR3@

uve

H5GC4H24MFR -T2C_FBGA170P~D
VRAMHR!

Y

H5GC4H24MFR-T2C_FBGA170P~D
VRAMHR3@

H5GC4H24MFR-T2C_FBGA170P~D
VRAMHR3@

Hynix 2G

Y

o

H5GC4H24MFR-T2C_FBGA170P~D H5GC4H24MFR-T2C_FBGA170P~D
VRAMHR1@ VRAMHR1@

Oy

uvig

O

H5GC4H24MFR-T2C_FBGA170P~D H5GC4H24MFR-T2C_FBGA170P~D
VRAMHR1@ VRAMHR1@

Security Classification |

Compal Secret Data Compal Electronics, Inc.

Issued Date I

2011/08/25

2011/08/25

| Deciphered Date | | e

BEPARTMENT £5

THIS SHEET OF ENGINEERING DRAWING IS THE PROPRIETARY PROPERTY DOF COMPAL ELEGTRONICS, INC. AND CONTAINS CONFIDE!

Cover Page

5]



http://www.rosefix.com

T28M 16 x4 =1G
VRAM * 4
GDDRS5 P.29-30
Memory Bus (DDR3L)
CB7-128 D,Zl Channel DDRIII-DIMM X2 CPU XDP
PEG 3.0x16 BANK0,1,2,3,4.5,6,7 Conn. vs
1(\;52) or Intel 1.35V DDR3L 1600 MHz page 14,15 —
- nte
- 16GB Max
s Haswell J
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Mini DP mbP. pr
edriver p37 eDP FHD
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\|/I’1/l'1 3 \|/I'lll'/ 4 PS8520 P43 P43
Mini Card-1 (Half) Card Reader Port 1 Mini Card-2 (mSATA)
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/N Port 2
USB2.0 | SATA ODD Conn. b
Port 4 3inl Intel
Socket .
Daughter board Lynx: Point LF Lo - g:Bd&aer P45 USB Powershare
Daugh { _ -
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. “ Port 9 Touch Panel
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KB9012 + (Combo)
RTC CKT. 16 KC3810 .38
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Compal Confidential

Project Code : VAUBO
File Name : LA-9941P

JTS — Touch screen
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USB PORT# DESTINATION
0 USB Conn 1 (Power share)
1 USB Conn 3 (Power share)
2 USB Conn 2 (Power share)
3 USB Conn 4 (Power share)
PCH 4 JMINI1 (WLAN)
5 None
6 None
7 None
8 None
9 Touch screen
10 None
11 None
12 CAMERA
13 None
“uses ] DESTINATION
1 USB Conn 1 (Power share)
2 USB Conn 3 (Power share)
3 USB Conn 2 (Power share)
4 USB Conn 4 (Power share)
Symbol Note :
% : means Digital Ground

%

:means Analog Ground
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Voo 33V
Ra 100K +- 1%
Board ID Rb Board ID | PCB Revision
a 0 0 DI5 0.1
1 +-1% 1
: : -
; : o
; -
9 1% 9
10 +H- 1% 10
11 +- 1% 11
12 +-1% 12
13 K +- 1% 13
14 270K +-1% 14
15 330K +H-1% 15
16 430K +H-1% 16
17 SE0K +-1% 17
18 750K +H-1% 18
19 NC 19
PCIEXPRESS| DESTINATION SATA | DESTINATION CLKOUT| DESTINATION
Lane 1 None SATAO HDD PCIO PCH_LOOPBACK
Lane 2 None SATAT1 SSD PCIH EC LPC
Lane 3 MINI CARD-1 WLAN SA n
Lane 4 CARD READER SAT e L e
Lane 5 None SATA4 None PCl4 None
Lane 6 None SATA5 None
Lane 7 None
Lane 8 None
DIFFERENTIAL DESTINATION FLEX CLOCKS | DESTINATION
CLKOUT_PCIEO None CLKOUTFLEXO0 CLK_PCI_TPM
CLKOUT_PCIE1 None CLKOUTFLEX1 None
CLKOUT_PCIE2 None CLKOUTFLEX2 | None
CLK CLKOUT_PCIE3 MINI CARD-1 WLAN CLKOUTFLEX3 None
CLKOUT_PCIE4 CARD READER
CLKOUT_PCIE5 None
CLKOUT_PCIE6 None
CLKOUT_PCIE7 | None T T |
CLKOUT_PEG_B None ADE SECRET |_1_\u=o MATION. THIS SHEET MAY NOT BE TRAN:
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SMBUS Address [0x9al
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SMBus Block Diagram

Document Number

gp &
~ ~
2.2k +3V_PCH vave ‘
SMBCLK
=0 [ovmesoo]
U1 SMBDATA ' ] 200 | DIMMA SMBUS Address [A0]
IDMNGGDD
— +3VS_NGFF 202 : |
| DMN66DO0 |— - 200 | DIMMB SMBUS Address [A0]
IDMNSGDO |
4
PCH «{ x
~/ N 5 ITP SMBUS Address [TBD]
~ ~
60
6 FF! SMBUS Add: TBD
2,2 +3V_PCH L@ | norF | svsus adaress [man) | FFs | ress [TED]
us SMLOCLK
51
[omnesno |—
SMLODATA —_
R7 o T +3VS # 55| xoP SMBUS Address [TBD]
‘ ;
%) 8 10| Touch SMBUS Address [TBD]
+3V_PCH ~ ) Screen
8 10
5 ALS
_ SMBUS Address [TBD] SMBUS Address [TBD]
| t
2.2K
2.2 +3Vs
B8 EC_SMB_CK1 8
A6 EC_SMB_DA1 . , 7 I ADS1115 | SMBUS Address [TBD]
8
7 | ADS1115 | SMBUS Address [TBD]
2.2K
+3VALW_EC
2,2K
a8 EC_SMB_CK1 100 ohm 4
a7 EC SMB DA1 . ’ 100 ohm 5 i BATT | SMBUS Address [16]
9
8 |CHARGER| SMBUS Address [12]
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[8] XDP_PREQ#
[8] XDP_PRDY#

[10] CFGO
[10] CFG1
[10] CFG2
[10] CFG3

[8] XDP_BPM#0

[8] XDP_BPM#
[10] CFG4
[10] CFGS5
[10] CFGe
[10] CFG7

[208] H_CPUPWRGD
[18,38] PBTN_OUT#

[12] CPU_PWR_DEBUG
[183858]  IMVP_VR_PG

[14,15,17,39,43] PCH_SMBDATA
[14,15,17,39,43] PCH_SMBCLK

[8] XDP_TCK

The resistor

for HOOK2 should be
placed such that the
stub is very small
on CFGO net

XDP CONN

+VCCIO_OUT +VCCIO_OUT
[e] [e]
XDP_PREQ# CFG17
a CFG17 [10]
XDP_PRDY# CFG16 8 CFG16 [10]
CFGO cFas
cFG8 [10]
B CFGi CFGY 8 cres Hol
CcFG2 CFG10
CFG10 [10]
B CFGa CFGTT 8 g b
XDP_BPM#0 CFG19
CFG19 [10]
XDP_BPM#1 CFG18 8 CFG18 [10]
CFG4 T CFG12
CFGI2 [10]
= CrGS Creis ] & o
CFG6 1 [ CFG14
CFG14 [10]
= Corar Cret S & 9
RU7 1 2 1K 0402 5%~DjH _CPUPWRGD_XDP CLK_CPU_ITP
— CLK_CPU_ITP [17]
B CLK CPUITP#  [17]
XDP_RST# R RU12 1 1K 0402 5%~D G PLT_RST# [18,38,40.42.8]
XDP DBHESET“I < XDP_DERESET# [188] - P
XDP_TDO
XDP_TRST# XDP_TDO_ [8]
AoE T XDP_TRST# [8]
XDP_TDI_[8]
|:> XDP_TCK XDP_TMS XDPﬁTMS 18]
SAMTE_BSH-030-01-L-D-A-TR
CONN@
Lavs P <~ ~
RU36 1 2 1K 0402 5% _IMVP_VR PG

www.aitech1.ru
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DMI_CRX_PTX_NO
DMI_CRX_PTX_N1
DMI_CRX_PTX N2
DMI_CRX_PTX_N3

DMI_CRX_PTX_PO
DMI_CRX_PTX_P1
DMI_CRX_PTX_P2
DMI_CRX_PTX_P3

DMI_CTX_PRX_NO
DMI_CTX_PRX_N1
DMI_CTX_PRX_N2
DMI_CTX_PRX_N3

DMI_CTX_PRX_P0
DMI_CTX_PRX_P1
DMI_CTX_PRX_P2
DMI_CTX_PRX_P3

@
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GETXNA4 X N G
PEG_TXN15 55 P G 5
PEG_TXPO [g5 P G Fia
PEG_TXP1 | pg X_GRX P c X_P13
PEG_TXP2 I"Ey X_GRX_P c X P12
PEG_TXP3 "G5 X_GRX_P11 cU X P11
PEG_TXP4 [£5 S GRXPT0 Gusz T 5 Tl
PEG_TXPS " jg X_GRX_P Cu23 1_| PE! X P9
PEG_TXP6 |"G3 PEG HTX GRX_P! Cu24 1_| PE! X_P8
PEG_TXP7 [ EGHTX GRX P u PE X7
PEG_TXP8 EG HTX GRX P Cuse 1] U D PE X6
PEG_TXP9 | T EG_HTX GRX P cuz27 1| u D___PE X
PEG_TXP10 ["Re—PEG HTX GRX P U U D PE X
PEG_TXP11 "R EG_HTX GRX P CU 220 D___PE X
PEG TXP12 g E X_GRX_P cu 22U 0402 D PE! X
Egg’lﬁg:i T: El X_GRX_P CU .22U_0402 D PE! X
. 2 PE P - PE
e [T X_GRX cu 22U 0402 16V7K~D X
10F 12
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UsA th= 400 mil +VCCIOA_OUT
C %
pEG_RCOMP 248 oue__Aus 2 249 0402 1%
AB2 PEG_RXNO I"G10PEG _GTX_C_HRX _N14
AB3 | DMI_RXNO PEG RXNT [o10—pEaOTX_C_HAX
AC3 | DMI_RXN{ PEG_RXN2 "Eg —PEG GTX G HRX
AGT| DMI_RXN2 PEG_RXN3 59— PEG GTX G HRX N1 7
DMI_RXN3 PEG_RXN4 "5 PEG GTX G HRX N0
AB1 PEG_RXN5 5 G HRX
AB4 | DMLRXPO PEG_RXN6 [T5—p X CHRX
AC4 | DMIZRXP1 PEG_RXN7 s PEG GTX G HRX
ACZ | Bl b g PEG_Rxa | L —PEC GDCC HAX
L g | 5 PE CH PEG_GTX_C_HRX N[0.15
AF2 PEG_RXN10 O _ PEG_GTX_C_HRX_N[0.15] [24]
AF4_| DMI_TXNO PEG_RXN11 I-y; PE X_C_HRX PEG_GTX_C_HRX_P[0..15
AG4~| DMLTXN1 @ PEG_RXN12 [ PEG GTX G HRX — e ] PEGLGTX C_HRX_P[0.15] [24]
————aco| DMI_TXN2 g PEG_RXN13 PE i PEG_HTX_C_GRX_N[0.15
(el eyt & PEG RXN14 [ PEG OTX C_HRX —EC X C ORX N0 ISl PEG_HTX_C_GRX_N[0.15] [24]
PEG_RXN15 PE CHRXP PEG_HTX_C_GRX_P[0.15
AL ot Txpo PEG AXP0 [o10—PEG GTX C HAX PIS — e C O PRI > PEGLHTX_C_GRX_P[0.15] [24]
a3 | DMLTXP1 PEG_RXP1 A10—p X CHRX P
——————ac1] DMLTXP2 PEG_RXP2 F g X CHRX P
DMLTXP3 PEG_RXP3 g X C HRX BT
PEG_RXP4 [~z = X C HRX P10
PEG_RXP5 PEG GTX G HRX P
PEG_RXP6 [T PEG GTX G HRX P
PEG_RXP7 PEG GTX G HRX P
F11 PEG_RXP8 PEG GTX G HRX P
F1z| FDI_CSYNG PEG_RXP9 FiT——PEG GTX G HRX P
DISP_INT PEG_RXP10 PEG GTX G HRX P
PEG_RXP11 [ PEG GTX C HRX P
PEG_RXP12 [ g X C HRX P
PEG_RXP13 [y, g X CHRX P
PEG_RXP14 [y B G HRX P
PEG_RXP15
PEG.TXNO o2 22 vz e
PEG_TXN1 S50 Vi 3
PEG_TXN2 S50 i 3
X
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™ HASWELL BGA DDR3L Compensation Signals
Processor Pullups MISC.
P 81 srocoEEST o BB51 SM_RCOMPO SM_RCOMPO__RUS8 1 2 100 0402 1%~D
4VCCIO_OUT PT I PROCDETECT | &  SM_RCOMPO pRs3 S RCOMPT
G%C fe— ] 2 gm{}ggmg; BB52 SM_RCOMP2 SM_RCOMP1 _RU59 1 . A A 2 750402 1%D |
G 3 S BRATRES LBEST H DRAMRST#
LBESTHDRAMRSTR:
RUSO 1 2 62 0402 5% H PROCHOT# 18] H_PECI PECI £ SM_DRAMRST SM_ACOMP2 _RUB1 1 2 100 0402 1%-D
H_PROCHOT# RU32 1 2 56 0402 5% H PROCHOT# R ES0| s - N53 PRDY#
place RU33,RU30 near CPU [s853.56]  HPROCHOTH [ > 53] PROCHOT PRDY PRs> PREQH XDP_PRDY# 6] CAD Note
[20] H_THERMTRIP# < THERMTRIP PREQ Psg K XD';J’REQ” (6] Trace width=12~15 mil, Spcing=20 mils N/
RU33 1 2 10K 0402 5%-D H CPUPWRGD o TOK 5T T™MS XDP_TCK (6] Max trace length= 500 mil
2 TMS |33 XDP TRSTH XDP_TMS 6]
Ds2. = TRST PNy XDP_TRST# _[6]
20 E[W ]H CPUPV&;&‘S E i PM_SYNC E 0! hag XDP_TDI (6]
1208l Ph SYS PWHGD BUF 7 APas | OO WROK 3 % F53 _XDP_DBRESETE o i, 186l
[20] CPU_PLTRST# RUS < BUF CPU RSTE _L54d BISRsTiN st - PU/PD for JTAG signals
+VCCIO_OUT S BP0 [~Rsy XDP_BPM#0  [6]
[17] DPLL_REF CLK# ﬁgg DPLL REF CLKN ggm; ; 5?) XDP_BPM#1  [6]
[17] ~ DPLL_REF_CLK DPLL_REF_CLKP o BPM#3
RU40 1 2 10K 0402 5%-D  CLK CPU SSC DPLL CLK _CPU_S5C DPLLE V6 2 49
R TR seou i o § s
AB6 - DPLL_REF_( 51
o [17] CLK_CPU_DMI# BCLKN BPMit6
@RU44 1 2 10K 0402 5%-D  CLK CPU SSC DPLL# 1171 GLK_CPU DMI ARG | SCHN oo 25t +veeP
XDP_TDO RUB6 1 2 510402 5%
For ESD concern, please put near CPU
20F 12 XDP_TCK RUS7 1 2 510402 5%
SSC CLOCK TERMINATION @
’ HASWELL_BGA1364
IF NOT USED, stuff RU40,RU44 - XDP_TRST# __ RUB8 1 2 510402 5%
+3VS
XDP_DBRESET# RU35 1 2 1K 0402 5%-D
UsJ HASWELL_BGA
[36]  HDMI_A2N_VGA g§§ DDIB_TXNO EDP_AUXN [-E13 EDP_AUXN  [35]
[36] HDMI_A2P_VGA A5z DDIB_TXPO EDP_AUXP g7 EDP_AUXP  [35]
[36]  HDMI_AIN_VGA B25| DDIB_TXN{ EDP_HPD EDP_HPD  [35]
[36] HDMI_A1P_VGA Caq | DDIB_TXP1 Cia
[36]  HDMI_AON_VGA Do4-] DDIB_TXN2 EDP_TXNO (A7 EDP_TXNO  [35]
[36]  HDMI_AOP_VGA As4 | DDIB_TXP2 EDP_TXNI [p14 EDP_TXN1  [35]
[36]  HDMI_ASN_VGA B24 | DDIB_TXN3 EDP_TXPO B3 EDP_TXPO [35] ,yceioa_ouT
[35] HDMI_A3P_VGA DDIB_TXP3 EDP_TXP1 EDP_TXP1  [35] -
om0 son ceu & ooic v o rooup [-ACE T EDP COUR AR YT s i e R T
[37] mDP_AOP_CPU ‘A51| DDIC_TXPO EDP_DISP_UTIL X Max le mils.
[37] mDP_AIN_CPU 857 DDIC_TXN1 ciz2
Buffered t to CPU [N ey c20 | DDIC TXPT FOLTXNO 575 EDP TXN2  [35]
+avs 43V LVCCP [37] mDP_A2N_CPU DDIC_TXN2 FDI_TXPO EDP_TXP2 [35]
nuuc, ered reset to [37]  mDP_A2P_CPU 223 DDIC_TXP2 FDI_TXN1 g:: EDP_TXN3  [35]
PLACE PULL-UP RESISTOR WITHIN 2 INCH OF THE CPU {g;} mggﬁ:g';ﬁggﬂ FDLTXP1 EDP_TXP3  [35]
- o
@RU42 RU13 +3VALW
750402 5% 1K_0402_5%~D
S o ST
T | | RU118
°l o2 10K_0402_1%-~D
c1z
o DDID_TXNO
loa840428 LT RSTH 4 BUFO CPU RST# @RU48_1 2 43 0402 1% BUF CPU RST# 2 BTN 6 Voo PH
[18,38,40426] - SN74LVC1GO7DCKR_SC70-5 Btz | DDID_TXN1
o DDID_TXP1 HU101 1 CPU ch
RU11 100K_0402_1%_TSMOB104F4251RZ cLose chip
20K_0402_5%~D
n 10 OF 12
@ HASWELL BGA1364
. e +1.35V
SM DRAMPWROK S3 circuit:DRAM_RST# to memory
- PM_SYS PWRGD BUF 2 PM SYS PWRGD BUF R should be hlgh durlng S3 -
NOTE: S3 POWER TION IS RUS6 02_5%-D RU72
THIS CIRCUIT 1S TERNAL ING PURPOSES ONLY. 1K 0402 5%-D
au7 o +3VALW =
BSS138-G_SOT23-3 N
1.35V_CPU_VDDQ S -
- La +1.35V_CPU_\ H_DRAMRST# 3 9 DDR3 DRAMRST# R RU73 1 2 1K 0402 %D [ poga pRAMRSTY  [14:15]
3 [Ea)
S8 -
S
[55] +1.35V_PWROK 2 - U7 Qus
DRAMRST CNTRL 83 @H 54 3 +3VALW RUBO 4.99K_0402_1%~D BSS138-G_SOT23-3
of & 1.82K_0402_1%
g o
& ol UU3 o
F I 74AHC1GOIGW_TSSOP5
RUS0_1 2 0 0402 5%-D JCPU1.5V 53 GATE R 1 e
[38.56] +V1.05S_VCCP_PWRGOOD [ >—@AUS0 1 A & 1 B 4PM SYS PWRGD BUF
[18] PM_DRAM_PWRGD [ >—@RUSL T 20 N DRAMRST CNTRL §3
o g3 [1438] DRAMRST CNTRL S3
+3VALW 2 RUG2 100K_0402_5%~D cusg
& 0.047U_0402_16V7K
NE 2
S
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HASWELL_BGA
[14] DDR_A D[0.63] < = = Uee [15] DDR_B_D[0.63] < = HASWELL BoA UeD
DDR_A DO AH54 D31 D! Y3
DDR_A D1 _AH52 | SA-DQ0 RSVD 25 D RSVD ﬁgw267
DDR A D2 AK51 | SA-DQ! SA_CKNO [5Fa5 M_CLK_DDR#0 _[14] ) SB_CKNO [aya7 M_CLK_DDR#2 [15]
DDA A D3 AKS4 | SA_DQ2 SA_CKO [~BEgq M_CLK_DDRO  [14] 5 SB_CKO [-AUs6 M_CLK_DDR2 [15]
DDA A D4 AHS3 | SA_DQ3 SA_CKEO D25 DDR_CKEO_DIMMA _[14] 5 SB_CKEO [~AW26 DDR_CKE2_DIMMB__ [15]
DDR A D5 AFB{ | SA_DQ4 SA_CKN1 5o M_CLK_DDR#1  [14] 5 SB_CKN1 ayzs M_CLK_DDR#3 [15]
DDR A D6 AKB2 | SA_DQ5 SA_CK1 [BFas M_CLK_DDR1 [14] 5 SB_CK1 [~AUSS M_CLK_DDR3  [15]
DDR A D7 AKB3 | SA_DQ6 SA_CKE1 [gEa3 DDR_CKE1_DIMMA  [14] 5 SB_CKE1 o8 DDR_CKE3_DIMMB  [15]
DDR A DS ANB4 | SA_DQ7 SA_CKN2 gro3 D SB_CKN2 Ayag
DDA A D9 ANS2 | SA_DQ8 SA_CK2 cag 5 SB_CK2 [Ay3s
DDA A D10 ARST | SA_DQ9 SA_CKE2 03 5] SB_CKE2 [8an7
DDR A D71 ARS3 | SA_DQ10 SA_CKN3 [Bcos 5] SB_CKN3 [Aya7
DDR A D72 ANS3 | SA_DQt1 SA_CK3 aDas 5] SB_CK3 [Ay3p
DDA A D75 ANST | SA_DQ12 SA_CKE3 5] SB_CKE3
DDR_A D14 AR5z | SA_DQ13 BE16 D BA20
DDR A D15 AR54 | SA_DQ14 SA_CS#0 DB DDR_CS0_DIMMA#  [14] 5 SB_CS#0 _B DDR_CS2 DIMMB# [15]
DDR A D76 Avsz | SA_DQ15 SA_CS#1 g7 DDR_CS1_DIMMA# [14] 5 SB_CS#1 [aUTe DDR_CS3_DIMMB#  [15]
DDR A DT/ Avas | SA_DQ16 SA_CS#2 g1 D SB_CS#2 ;ngo
DDR A D78 Ays2 | SA_DQ17 SA_CS#3 [8C1g D SB_CS#3
DDA A SA_DQ18 SA_ODTO [BF7p M_ODTO [14] 5 AY20
5DR A SA_DQ19 SA_ODT1 [BFT7 M_ODT1 [14] 5 SB_ODTO _B M_ODT2 [15]
DDA A SA_DQ20 SA_ODT2 [8p17 5] SB_ODT1 [avig M_ODT3 [15]
DDA A SA_DQ21 SA_ODT3 [gcag 5] SB_ODT2 19
DDA A vs3 | SA_DQ22 SA_BSO (5551 DDR_A BSO [14] 5 SB_ODT3 [
DDA A SA_DQ23 SA_BS1 3032 DDR_ABS1 [14] 5 DDR_B_BSO [15]
DOR A SA_DQ24 SA_BS2 DDR_ABS2 [14] 5 DDR_B_BS1 [15]
DOR A SA_DQ25 BC21 5 DDR_B_BS2 [15]
DDR A §a-baze s O_‘} D
DOR A SA_DQ27 SA RAS Dgray DDR_A RAS#  [14] 5 DDR_B_RAS# [15]
DDA A SA_DQ28 SAWE Pggor——————————————— R_ WE# [14] D DDR_B_WE# [15]
DDA A SA_DQ29 SACAS P R_ 4 5 DDR_B_CAS# [15]
DDA A SA_DQ30 A MA — DDR_A MA[O..WS] [14] 5 BA30 DDR A — DDR_B_MA[0..15]  [15]
DDA A SA_DQ31 SA_MAO A VA 5] SB_MAO ~AW30DDR A
DDA A SA_DQ32 SA_MA1 AMA: 5] SB_MAT Ay30 DDR A
DDA A SA_DQ33 SA_MA2 A VA 5 SB_MA2 AV30 DDR A
DOR A SA_DQ34 SA_MA3 A VA D SB_MA3 AW32DDR A
DOR A SA_DQ35 SA_MA4 A MA D SB_MA4 AV35 DOR A
DOR A SA_DQ36 SA_MAS5 A MA D SB_MAS5 [AT30 DDR A
DOR A SA_DQ37 SA_MA6 A MA D SB_MA6 AV32 DDR A
DDA A SA_DQ38 SA_MA7 A MA 5 SB_MA7 8335 DDR A
DDA A SA_DQ39 SA_MA8 A VA 5] SB_MA8 [AU32 DDR A
DDA A SA_DQ40 SA_MA9 AMA 5] SB_MA9 AU23 DDOR A
DDA A SA_DQ41 SA_MA10 AMA 5] SB_MA10 [-AY35 DDR A
DDA A SA_DQ42 SA_MA11 AMA 5] SB_MAT1 [-AW350DR A
DDA A SA_DQ43 SA_MA12 A VA 5 SB_MA12 [-AU20 DDR A
DOR A SA_DQ44 SA_MA13 A VA D SB_MA13 [AW360DR A
DOR A SA_DQ45 SA_MA14 A VA D SB_MA14 835 DDR A
DOR A SA_DQ46 SA_MA15 5 AV SB_MA15
DDR A SA_DQ47 A DQS#0 —__> DDR_A_DQS#0.7] AD52DDR B DQ —__> DDR_B_DQS#[0.7] [15]
DDA A SA_DQ48 SA_DQSNO Das SB_DQSNO [~AU6 i D
DDA A SA_DQ49 SAEDQS A SB_DQSN1 [gpagp| D
DR A SA-Dost Aoy B SB-DasNs [ BISEDR B D
3?, ﬁ SA_DQ52 SA_D@SN4 AA SB_DQSN4 ﬁw 3?, ?,
SA_DQ53 SAD SB_DQSN5 R
33 2 SA_DQ54 SAD@ > A f\ SB_DQSN6 ﬁ‘ﬁ 3% 3@
DOR A SA_DQ55 SA_DQSN7 [aWas 5 M2 | SB_DQSN7 [gE3g
DOR A SA_DQ56 RSVD [R)53  DDR A DQSO DDR_A_DQS[0.7]  [14] ) R RSVD 3DDR B DQSO e > DDR_B_DQS[0..7] [15]
DDR A | SA_DQ57 SA_DQSO "Ap53 DR A _DQsT D AKT | SB_DQSO ["AV46 DDR_B_DQST
DDR_A SA_DQs8 SA_DQS1 "AWs3 DDR_A_DQS2 D! AK4| SB_DQS1 "BF48 DDR_B_DQS2
DDR_A SA_DQ59 SA_DQS2 "Ba26  DDR_A_DOS3 D! AMT_| SB_DQS2 "BF23 DDR_B_DOS3
DDR_A SA_DQso SA_DQS3 "BF12 DDR_A_DOS4 D! AM4 SB_DQS3 "Aw15DDR B _DQs4
DDR_A SA_DQ61 SA_DQS4 "B57 DDR_A_DQS5 D AK2 | SB_DQs4 DDR_B_DQS5
+V_SM_VREF DDR A SA_DQ62 SA_DQS5 "BR3 — DDR_A_DQS6 D AK3 | SB. SB_DQAS5 "AWs DDR_B_DQS6
SA_DQ63 SA_DQS6 [AT3 —DDR A DOS7 SB_DQ63 SB_DQS6 [AT3 DOR B DAST
SA_DQS7 [~aWao SB_DQS7 [gp3g
ARG | SM_VREF RsvD [ RsVD [
[14] +v_DDR_REFA_Rgﬂ SA_DIMM_VREFDQ 40 Fa9
[14] +V_DDR_REFB_R SB_DIMM_VREFDQ RSVD [~Ava0 RSVD [~Re3g
BCs3 | RSVD 8A39 RSVD [&Fa7
RSVD RSVD [Ayag RSVD [gga7
RSVD [~Rva0 RSVD [RD3g
RSVD [~AU40 RSVD [Rcag
RSVD [Avag RSVD [Rgay
RSVD [AU39 RSVD [Bpa7
RSVD RSVD
30F 12 40F 12
HASWELL_BGA1364 HASWELL_BGA1364
@ @
+1.35V_CPU_VDDQ
RUS3
V_SM_VREF 1K_0402_1%~D
RU84
1K_0402_1%~D
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RH30
49.9_0402_1%

HASWELL_BGA

RSVD_TP gy
B RSVD_TP
B% RSVD_TP RSVD_TP
RSVD_TP RSVD_TP
% RSVD_TP CFG_RCOMP [os—SFC_RCOMP Lree
RSVD_TP CFG16 vas——Grars CFG16 [6] -
G CFG18 [y51 — GFG17 CFG18 [6] - RU77
5| RSVD_TP CFG17 v2z—GFaTg CFG17 [6] RH27 1K 0402 1%-D
Fo7 | RSVD_TP CFG19 CFG19 [6] o - 1
CPU_TESTLOW1 P2t SESTiow et o 49.90402_1%
F51 | VSS RSVD [anie L
F55 VSS RSVD Amas w
55| VSS RSVD 27
+VCC_COREO—— 1 VCC RSVD 26
A4 RSVD
t% RSVD_TP RSVD 3
RSVD_TP RSVD [As
151 RSVD PCI EXPRESS STATIC LANE REVERSAL FOR ALL PEG PORTS
o RSVD
E% RSVD TP . 1: Normal Operation; Lane # definition matches
a F . A
RSVD_TP socket pin map definition
cpu TesTLowo P20 BSVRLTE o)
RHa1 6] CFGO cl ? ’;g:g CFGo rsvD K18 % 0:Lane Reversed
49.9.0402 1% o Gre 2 AciS o ros
ls] cres A Veo| CFG3
[6] Cras 5 AB: CFG4 -
(6] 6 CFG5 12 RU115
[6] CFG6 - CFG6 RSVD_TP &g 1K 0402 1%~D
6] CFG7 CFG7 RSVD_TP =
6 &res Gras e ~
161 CFG9 VSS [HB3
6] CFG10 CFG10 VSs
lsg (4;;(%;12 U CFG11 H51
(6] 1 V54 | CFG12 VSS [Hsz
Is] CFG13 Rea| CFG13 vss
o Grais Rz ] CE8ls rsvo [22)
L RSVD %gg < Display Port Presence Strap
L RSVD RSVD
:233 1 : Disabled; No Physical Display Port
110F 12 CFG4 attached to Embedded Display Port
HASWELL_BGA1364 % 0 : Enabled; An external Display Port device is
@ connected to the Embedded Display Port
CFG6
UL HASWELL_BGA | |
RU85 RU86
1K_0402_1%~D 1K_0402_1%~D
B3 A3 A3
v = [
F51
:233 F52  BE52 BF52
S Ee A% ngg RevD | BFS3BES3 BF53
AS3 B3 AS3 | RAVD RSVD g; g: gg
RSVD 63— caBo PCIE Port Bifurcation Straps
C3 B2 B2 RSVD
B3 A3 B3 | RSVD RsvD -S54 B54 C54
aso B2 BS2 RsvD B! %11: (Default) x16 - Device 1 functions 1 and 2 disabled
A53 B3 B63 | RSVD | D54 CFG[6:5] | 10: x8, %8 - Device 1 function 1 enabled ; function 2
BS54 C54 _B54 | RSVD RSVD .
RSVD disabled
01: Reserved - (Device 1 function 1 disabled ; function
2 enabled)
5E1 8D 00: x8,x4,x4 - Device 1 functions 1 and 2 enabled
RSVD
RSVD RSVD ﬁg? CFG7
RSVD RSVD [-arg -
RSVD RSVD
RSvD RSVD -6iq o0z 1%-D
RSVD RSVD 17 0402
RSVD RSVD Apas
RSVD RSVD [~AG4s o
RSVD RSVD
RSVD
PEG DEFER TRAINING
120F 12 1: (Default) PEG Train immediately following xxRESETB
HASWELL_BGA1364 CFG7 de assertion
@ 0: PEG Wait for BIOS for training
Security Classification Compal Secret Data Comp_al Electronics, Inc
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0.1U_0402 10V7K~D
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1
Q-Y9AE'9 20v0 N}
11
1]
Q-Y9AE'9 2000 N1
Q-Y9NE'9 20v0 N}

Q~M9AE9 20P0 Nt

6100
26100

~

Q~MIAE'9 20P0 Nt

11
Q~MONE'Y 2000 Nt

66110
Q~M9AE'9 20v0 NI
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102no

+VCCIO_OUT

+1.35V_CPU_VDDQ

HASWELL _BGA

+VCC_CORE

CU36 SHOULD BE
LOSE TO CPU CU36e
0.01U_0402_16V7K~D

1 CAD Note:

4VCC CORE

RU96
RU96 SHOULD BE PLACED CLOSE TO CPI

100_0402_1%~D

+/0C_CORE O—————— 75| VC
Mo vce

+VCCP

+VCCIO2PCH

RESISTOR STUFF

2 00805 5% 1 +VCCIO2PCH
30mA

NG OPTIONS ARE

PROVIDED FOR TESTING PURPOSES

— |

300mA  ,vceio_ouT

[58] VCCSENSE

+VCCIO_OUT

VCC SENSE

+VCCIOA_OUT

VCCIO out

+VCCIO_ouT

RU91 1 2 75 0402 5% VR SVID ALRT#

RU90 1 2 130 0402 1%~D VR SVID DAT

Note: Place the PU resistors close to CPU

AD
- WWW

+1.35V_CPU_VDDQ Source

+1.35V +1.35V_CPU_VDDQ

4210mA

JP3
1

PAD-OPEN 4x4m
@JP4
1

PAD-OPEN 4x4m

[58] VR_SVID_ALRT#

2 43 0402 1%

VCOMPﬁOUT
5| RSVD

Jiz|
AR4 |

H_CPU SVIDALRT# __ J53

VR_SVID_CLK

VR SVID_CLK 3520 VIDALERT

(58]

VR_SVID DAT ViDsoLk

g VR SVID ALRT# _ RU93 1

CPU_PWR DEBUG

58] VR_SVID_DAT

(6] CPU_PWR DEBUG

VIDSOUT

itec

150_0402_1%~D

CPU_PWR DEBUG

+VCC_CORE

vss
PWR_DEBUG
SS

213l 2[z(2l2[2|
<
3
o

212

5|5
<
3
o]

50F 12

FC D5 CPU_FC PWR @ PAD T2 @

- CPU_FC_PWROK @ P\ T3 @

HASWELL BGA1364
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Usl HASWELL_BGA

vss VSS Ga3 ]
vss VSS ~Go5 1
VsS VSS Gog 1
- VSS VSS &s0 1
" VSS VSS G331
— VSS VSS &3
- VSS VSS F&a0 1
. VSS VSS
*—BG3s | VSS VsS
—BG3s | VSS VSS G5o 1
—BG4T | VSS VSS Gsq 1
vss VSS &7 1
VsS VSS &g 1
VSS VSS —Gg—1
VSS VSS Haz 1
B VSS VSS
B VSS VSS
T VSS VSS
Vss VsS
vss Vvss
vss Vvss
vss Vvss
VsS Vss
VSS VSS
VSS VSS
VSS VSS
VSS VSS
VSS VSS
VSS Vvss
vss vss
vss vss
vss vss
vss Vss
VSS VSS 5o
VSS VSS s
VSS VSS s
VSS VSS
VSS VSS
VSS Vvss
vss vss
vss vss
vss vss
vss Vss
VSS VSS
VSS VSS
VSS VSS g1
VSS VSS Fpep—1
VSS VSS g1
VSS Vvss
vss vss
vss vss
vss vss
vss Vss
VSS VSS
VSS VSS
VSS VSS
[ ] VSS VSS
VSS VSS
VSS Vvss
vss VSS 5o
vss VSS Fuss 1
vss VSS Fuss 1
VSS VSS g
VSS VSs |7
VSS VSS [vzg
VSS VSS |7
VSS VSS |yg
A4 Ss VSS
VSS Vvss ‘;g
vss VSS ezt
vss VSS ezt
vss vss
vss Vss
VSS VSS
VSS VSS ?&
VSS VsS
5| vss
—E20 | VSS VSS AB4g 1
—E21 | VSS Vss
a5 | VSS Vvss
24 | VSS vss
| E25 | VSS
26 | VSS VSS_NCTF
—E50 | VSS VSS_NCTF
t—E33 | VSS VSS_NCTF
t—E5 | VSS VSS_NCTF
t—E40] VSS VSS_NCTF
£44| VSS VSS_NCTF
£49| VSS VSS_NCTF
t—E57 | VSS VSS_NCTF
t—Es3 | VSS VSS_NCTF
—gg | VSS VSS_NCTF
—F5 | VSS VSS_NCTF
—F56 | VSS VSS_NCTF
t— 3| VSS VSS_NCTF
t—F30 | VSS VSS_NCTF
t—F33 | VSS VSS_NCTF [g5—1
t—F37 | VSS VSS_NCTF @
F4| vss VSS_NCTF
Fa0] VSS VSS_NCTF
= xég VSS_NCTF
Fé Vss VSS_SENSE {__> VSSSENSE [58]
G711 Vss -
G131 Vss
Gi xgg CAD Note: RU99 SHOULD BE PLACED CLOSE TO CPU
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Ml +1.35V +1.35V
o DiMM1 o
V_DDR REF 1
[9] DDR_A_DQSH[0.7] < w—— +V_DDR_REF + 3 | VREF_DQ VSS 7 DDR A D1
SS DQ4
DDR A D4 5 DDR_A D!
[9] DDR_A_DQSI0..7] < DORA D5 >{ pao DQ5 -
pat VSS F10 1 DDR_A_DQS#0
[9] DDR_A D[0.63] < e t— Vss DQSO# DDR_A DASO
+—3-] DMo DQSO
191 DDR_A_MA[D..15] < +V_DDR_REF DDR A D3 15| VSS VSS 1776 DDR A D2
< DDR_A D7 Da2 Dbag DDR_A_D6
E 5{ Da3 DQ7 f2p
=] DDR_A D9 21| VSS VSS I o5 DDR A D12
&R DDR_A_D8 23 | D8 Dat2 §54 DDR_A D13
s 55 DQ9 DQ13 |55
23 DDR_A Das#1| 127} ggssw hi
All VREF traces should 3 DDR_A_DQST N R LU o DDR3_DRAMRST# <] DDR3_DRAMRST# [15.]
have 10 mil trace width 3 { 31 1uss vss 32—
S DDR A D15 3 34 DDR A D14
DDR_A D11 5 | bato Dat4 I35 DDR_A D10
> pat1 DQ15 38
DDR_A D16 39 &Sﬁs D\g% DDR_A D21
. DDR_A D17 1 DDR_A_D2i
Layout Note: 1 oai7 DQ21 0
Place near JDIMM1 DDR_A_DQS#2 45| VSS VSS 51
DDR_A_DQS2 7| Das2# OM2 ¥ 781
[ a9 | DAS2 VSS 1501 DDR A D22
DDR A D18 1] Vss DQ22 I755 DDR_A D23
DDR_A D19 53 | DQ18 DQ23 I754
+1.35V 55 | bQl9 VSS I 55 DDR_A D25
[ DDR_A D26 57| VSS DQ28 I5g DDR_A_D30
DDR_A_D24 59 | DQ24 DQ29 5o
61 | D925 VSS I"62 DDR_A_DQS#3
2 2 2 2 63 | VSS Das3# I"sq DDR_A_DQS3
1S 1S 1S 1S 65 | DM3 DOS3 65
< < < < t—571 VSs vss |-sg—1
2o 49) 2o 49) DDR_A D28 67 68 DDR_A D29
83 S8 83 38 DDR_A D27 69 | D926 DQ3o f-70 DDR_A D3t
o o o o > Q27 DQ31 75
2 2% 2 2% ——{ vss VSS |-
< < < <
s s s s
2 2 2 2 DDR_CKEO_DIMMA 7 74 DDR_CKE1_DIMMA
S S S E [9] DDR_CKEO_DIMMA [ 73 ckeo cKET Ha <___|DDR_CKE1_DIMMA [9]
7%* ,Y,(D;D VAEE; 78 DDR_A_MA15
DDR A BS2 80 DDR_A MA14
A4 [9] DDRABS2 [ > 2 511 BA2 A4 g5
DDR_A_MA12 83| VOO VDD [gq DDR_A_MA11
DDR_A_MA9 85 | A12/BC# A1l 186 DDR_A_MA7
+1.35V 87 | A0 A7 1788
Q DDR_A_MA8 89 | VOD VDD I"g0 DDR_A_MA6
DDR_A_MA5 I e A6 19p DDR_A_MA4
3 As Y 55 ;
2 DDR_A_MA3 5 XSDD V'z\'g 96 DDR_A_MA2 { All VREF traces should
=) s =) s =) s 2 DDR_A_MAT 71 no |22 DDR_A_MAO { have 10 mil trace width
\C \C \C \C \C \C 1 ‘G 9 VBD VDD 7% 3
8 g g g g g % @ wewssm e LU oo o pony w oo |
8, L8 8, L8 Gy LB, =88 [9] M_CLK_DDR#0 52 cros ki fHoe M_CLK_DDR#1  [9]
o0 T o o0 T o og T oo [~ — e +V_DDR_REF
) 4 o2 4 o2 o 2 R_A_MA10 7 [ 108 DDR_A BSt —PPR_
25 25 s° 125 s® 12s® 2o DDR A _BSO 10 DDR_A _RA! DDR_A_BS1 19
g g g g g g 2 [9] DDRABSO [ > o DDR_A_RAS#  [9]
© © © © © © z ] DDB A\ 4 . DDE-LS0 DI IMMA# [9]
18 M
oDT1
MEGDT1
% 9] DBRICS 2
|
12
128 4
Layout Note: DDR_A D32 30 DDR_A D36
°
Place near JDIMMIL.203,204 P 2 DbA A DI , 2
DDR_A_DQS#4 VSS I 36 ] 59
DDR_A_DQS4 82
vsS 1 DDR_A D38 e
DDR_A D34 DDR_A_D39 23
DDR_A D35 3
+0.675VS DDR A D44 =
0 DDR_A D40 DDR_A D45 E
DDR_A D41
DDR_A_DQS#5 A4
DDR_A_DQS5
< < e ey DDR A D42 DDR_A D46
1ls 1ls 1l 11
£o g £9 §§ DDR_A D43 DDR_A D47 M3
»~ 5 ® »© %S DDR A D48 DDR_A D52
Zg 2% 2% 2% DDR_A D49 DDR A D53 hrﬁa
2 B 2 B +V_DDR_REF .
z 2 z 2 DDR A DQS#6 ) {_>+V_DDR_REFA_R [9]
DDR_A_DQS6 QD1
DDR_A D54 »BSS138-G_SOT23-3
DDR_A D50 DDR_A_D55
7 DDR_A_D51
DDR_A D60 DRAMRST CNTRL S3
bOR A D56 e [3.8] DRAMRST_CNTRL.S3 [ >—
DDR_A D57
DDR_A_DQS#7 N
Layout Note: DDR A DQS7
Place near JDIMM1.199 DDR A D58 DDR A D62
DDR_A_D59 DDR_A_D63
V.
RD81 2 10K 0402 5%-~D
A0 EVENT# PCH_SMBDATA +V_DDR_REF Iy 3
o 99
RDo1 2 10K 0402 5%-D VS 201 ] VDDSPD s PCH SMBCLK PCH_SMBDATA [15,17,39.§3.6] {__>+V_DDR_REFB_R [9]
05 SA1 PCH_SMBCLK  [15,17,39,44,6] L] a2
43VS +0.675VS O———————A VTT VTT ——0+0.675VS ..BSS138-G_SOT233
ol R
% GND1 GND2 %
BOSST Bossz |2
DRAMRST CNTRL S3
e N BELLW 80007 1021
18, 1S4 A4 N
L gy L 8gu 4 CONN@ . n
jgﬁ ~*‘gm M3 Circuit (Processor Generated SO-DIMM VREF_DQ)
2’z 2o
2 4
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+1.35V +1.35V
M1 7w, 9
V_DDR_REF 1
+V_DDR_REF = 5 VREF_DQ vss | DDR B D4
DDR B DO 5| VSS ba4 DDR B D5
DDR_B D1 7 Bg? egg (s |
DDR_B_DQS#0
71| VSS paso DDR_B DASO
t—5] DMo DQS0
DDR B D2 15 | \65052 ggz {16 | DDR B D6
DDR B D! DDR B D7
- 5 baz DQ7 2
. +V_DDR_REF DDR B D15 I VSS I35 DDR B D14
[9] DDR_B_DQSH[(.7] < e DDR B D8 53] Da8 DQ12 f57 DDRE D9
55 DQg DQ13 f55
[9] DDR_B_DQS[0..7] < o DDR B DQS#1 57 Vss VSS k551
= T DQS1# om1 |54
[9 DDR_B D[0.63] < wmme TSo Note: LD B DOST 2] oast ReseTs [ COA DRAVRSTY <] DDR3_DRAMRST# [148]
&8 . DDR B D13 [ 33| VSS VSS I3z DDR B D12
[9] DDR_B_MA[0..15] < w—— RsE Check voltage tolerance of DDOR B D11 5| DQto DQ14 35 DDR B D10
23 VREF_DQ at the DIMM socket [ a7 | DAl Dats I-5g
All VREF traces should 3 DDR_B_D16 ‘6%5‘6 D}’JSZ% 1 DDR_B_D20
have 10 mil trace width 3 DDR B D17 DDR B D2t
3 DQ17 DQ21
DDR_B DQS#2 [ 45 VSS A B
DDA B D4Ss DQS2# om2 |75
[ a9 | Das2 VSS 150 1 DDR B D22
DDR B D18 1| VSS DQ22 I755 DDR_B D23
DDR B D19 53 | bA1s DQ23 I754
55 | D219 VSS I55 1 DDR B D28
DDR B D24 57| VSS DQ28 g DDR B D29
DDR B D25 59 | DQ24 DQ29 5o
61 | D925 VSS 62| DDR_B_DQS#3
63 | VSS Das3# I"sq DDR_B_DQS3
t—55] DM3 DOS3 g5
Layout Note: DDR B D26 67 | VSS VSS 68| DDR B D30
DDR B D27 69 | D926 DQ3o f-70 DDR_B D31
Place near JDIMMB 71| DQ27 DQ31 75
—— vss VSS |-
[9] DDR_CKE2 DIMMB > DDR_CKE2 DIMMB 281 ckeo okt e DDR_CKES DIMMB <] DDR_CKE3 DIMMB  [9]
;7 ng VAEE; 78 DDR_B_MA15
DDR B BS2 80 DDR_B_MA14
[9] DDR B BS2 [ > = a1 BA2 A4 |55
+1.35V DDR B MA12 83 | VOD VDD [gq 1 _DDR B MA11
DDR_B_MAS 85 AE‘f/BC" AA; 86 DDR_B_MA7
87 88
DDR_B_MA8 89 XgD V[/f\'g 90 1 _DDR B MA6
B e B e DDR_B_MAS gl nafe2 DDR_B_MA4
23 23 23 23 DDR_B_MA3 95| /oD VOD ¥ o6 DDR_B_MA2 i
S8 B8 =—R8 =—B88 DDR_B_MAT 97 :'f :g 98 DDR_B_MAO { All VREF traces should
23 22 29 22 991 Ol Voo [0 { have 10 mil trace width
S H 5 H fg) oLk DORe i GHk Do o cK1 [Hoa—{—irGri Bos l4_CLK DDRS (9 |
ES s ES s [9] M_CLK_DDR#2 CK1# M_CLK_DDR#3  [9] :
© © © © DDR B _MA10 DDR B BS1 DDR B BS [9] +V_DDR_REF
[9] DDR_B_BSO DDR B BSO DDR B RAS# DDR_B_RAS# [9]
\ 9] ggDDR B, DD WES”# < ]DDR csz DIMMB#  [9]
135V [o}f/DDR_B_GAS# < |m_oDT2 [9]
9 SRUES3 D 'B < ]M_ODT3 [9]
(o1 \|8Pr_cg3. Diflver
5 > s > 5] >
c c c c c c DDR_B D32 DDR_B D36
18 18 18 18 18 18 DDR B D33 DDR B D37 °
8o #;‘80 #;‘So —~\80 ;;‘So e 80 DDR B D ‘\Co
9 T o0 T 90 T 90 T 980 T 90 Q584 f9
28 58 28 o8 28 o8 DDR_B_DQS4 &8
25 25 25 25 25 25 DDR_B D38 N
g g g g g g DDR B D34 DDR_B_D39 23
o o o o o o DDR B D35 S
DDR B D45 E
DDR B D44 DDR_B D41 S
DDR_B_D40
A4 DDR B DQS#5
DDR_B_DQS5
DDR B D42 DDR B D47
DDR B D46 DDR B D43
Layout Note:
Place near JDIMME.203,204 — —
. ’ DDR_B_D52 DDR_B_D49
DDR_B DQS#6
DDR_B_DQS6
DDR B D54
DDR B D55 DDR_B_D50
DDR B D51
DDR_B D60
+0.675VS DDR_B_D56 DDR B D61
[} DDR B D57
DDR_B_DQS#7
DDR_B_DQS7
e LE g LB Layoue Note: s s
tog ee 158 192 Place near JDIMMB.199
—A4_ <0 _1L Q0 [<3=] o0
=83 /—R& S8 SE RD16 1 2 10K 0402 5%-~D 20
28 28 28 28 L, svso—— [ 19 Unnapn PCH SMBDATA PCH_SMBDATA  [14,17,39,43.6]
RD15 1 2 10K 0402 5%-~D 201 PCH_SMBCLK
5 s 5 s +3VS0 = 503 SA1 504 PCH_SMBCLK  [14,17,39,43,6]
S E ES X +0.675VS O 208 Uy VT %1 —0 s0675vS
o o o o
205 206
43VS t—505] GND1 GND2 |50
o 20y gosst Bossz |2
- o N\  BELLW_ 800071021 N
2 N
c c
TSa TiSa CONN@
—— 50 —— 50
& T 8%
2o 2o
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RTC CRYSTAL

PCH_RTCX1

2 10M 0402 5%

PCH_RTCX2

YH1

1@2

32.768KHZ_12.5PF_FC-135

CH3
18P_0402_50V8J~D

+RTCVCC

RH2 1

CH4
18P_0402_50V8J~D

2 1M 0402 5%~D SM INTRUDER#

PCH Strap PIN

INTVRMEN Integrated 1.05V VRM Enable/Disable

L : Integrated VRM disable

+RTCVCC
RH13 1 2 330K 0402 5% PCH_INTVRMEN
@RH16 1 2 330K 0402 5% PCH_INTVRMEN
% H: Integrated VRM enable

SPKR No Reboot

the system is strapped to the "No

+3VS
@RH17 1 2 1K 0402 5%~D _ HDA SPKR
*LOW=Default
HIGH=No Reboot
If the signal is sampled high, this indicate that

Reboot" mode

+3V_PCH

‘ @RH32 1 2 1K 0402 5%-D

HDA_SYNC On-Die PLL Voltage Regulator Voltage Select

IHDA SYNC

On Die PLL VR is supplied by
/ when smapled high
/ when sampled low

ThIs sighal has a weak internal pull-down

Needs to be pulled High for Huron River platfrom

ME debug mode ,

L=>security measures defined
Descriptor will be in effect

HDA_SDO
Flash Descriptor Security Override/Intel ME Debug Mode
+3V_PCH
@RH23 1 2 1K 0402 5%~D HDA_SDOUT
xLow = Disabled
High = Enabled

this signal has a weak internal PD

in the Flash
(default)

H=>Flash Descriptor Security will be overridden

JTAG

+3V_PCH +3V_PCH

RH18 RH19.
210_0402_1%~D > 210_0402_1%-~D

PCH JTAG TDO ) PCH JTAG TMs

+3V_PCH

RH20
210_0402_1%~D.

PCH _JTAG TDI

PCH_JTAG TCK

RH24 RH25
100_0402_1%-D > 100_0402 1%-~D

RH26
100_0402_1%-D

RH35
510402 5%

- PCH_RTCX1 B5
CHe CLRP2
+RTCVCC 1U_0603_10V6K-D |, [SHORT PADS PCH_RTCX2 B4
RH4_1 2 20K 0402 5%-D PCH_SRTCRST# B9,
_SM INTRUDER# A8,
+RTCVCC PCH_INTVRMEN G10
RH3 1 2 20K 0402 5%-D PCH_RTCRST# DS,
1
I HDA BIT CLK _B25
CH5 S CLRP1
1U_0603_10V6K-D |, o SHORT PADS HDA SYNC A22
7 HDA SPKR < J—HDASPKR _ AL10
HDA RST# 24
[46] HDA SDINo [—>—HDA SDINO 122
K22 |
G2 |
F22 |
HDA SDOUT A4
Bt

[18.37] DP_PCH HPD [ > OP PCH HPD C22

PCH _JTAG TCK AB3
PCH_JTAG TMS AD1
PCH JTAG TDI_AE2

PCH_JTAG TDO AD3

F8

Www

w7A LPT_PCH M EDS
Bes SATA_PRX_DTX_N
REV =5 SATA_RXN_0 [~BEg \ PRX DTX NO  [43]
RTCX1 SATA_RXP_0 SATA_PRX DTX PO [43] DD
RTCX2 SATA TXN 0 [V SATA PTX DRX_NO  [43]
2 SATA_TXP_0 SATA_PTX_DRX PO [43]
saTeRsTH Beio SATA_PRX_DTX N
SATA_RXN_1 [BETg \ PRX DTX N1 [42]
INTRUDER# SATA_RXP_1 SATA PRX DTX_P1  [42] ssp
AV10 __SATA PTX DRX N1 CH18 1 || 2 0.01U 0402 16V7l
INTVRMEN SATA_TXN_1 SATA PTX DRX N1_C  [42]
SATA T [AWI0 SATA PTX DRX PY CHi7 1 ” 20.01U 0402 16V7 B SATAPTX DRI Lol
RTCRST# 2 ™
——— & SATA_RXN_2 [-ppg
SATA_RXP_2 [~
HDA_BGLK
SATA_TXN_2 :w‘aa
HDA_SYNG SATA_TXP_2
SPKR SATA_RXN_3 HBC12
SATA_RXP_3 [~
HDA_RST#
> SATA_TXN_3 :?1'5
HDA_SDI0 & SATA_TXP_3
B
HDA_SDI1
SATA RXN4PERN1 (013
HDA_SDI2 SATA_RXP4/PERP1 [—
HDA_SDI3 SATA_ TXN4/PETN1 ,ﬁ\‘{v“f' SATA Impedance Compensation
SATA_TXP4/PETP1 [ cap .
HDA_SDO note: .
- SATA RXNS/PERN2 Jég: Place the resistor within 500 mils of the PCH.
DOCKEN#/GPIO33 SATA_RXPS/PERP2 [— Avoid routing next to clock pins
1
HDA_DOCK_RST#/GPIO13 SATA TXNSPETNZ agie 158
SATA_TXPS/PETP2 [
SATA_RCOMP |-AYS (SATA RCOMP RH21 1 2 7.5K 0402 1%-D *3(;/5
SATALED# pAPS PCH SATALEDH " @RHi4 1 310K 0405 5%
JTAG.TCK SATAOGP/GPIO21 |ATT_PCH GPIO21 RH12 1 2 10K 0402 5%-D
JTAG.TMS SATAIGP/GPIONo | AJ2_BBS BITO RH29 1 2 10K 0402 5%-D +15V8
JTAG_TDI H saTA IReF 224
JTAG_TDO Tpg A2
TP25 Tpg |52
Boot BIOS Strap
@RH245 1 2 1K 0402 5%-D_BBS BITO
[} RH244 1 2 1K 0402 5%-D

BBS_BIT1

8

GPIO19 => BBS_BITO
GPIO51 => BBS_BITI1
Boot BIOS Strap
BBS_BM[1] | BBS_BM[0] | Boot BIOS Location
H 0 0 LPC
HD Audio
0 1 Reserved (NAND)
HDA_BITCLK_AUDIO RH5 1 2 33 0402 5%~D HDA BIT_CLK 1 0 Pl
[46] HDA BITCLK AUDIO <} . 1 7 SPT
[46] HDA SYNG_AUDIO < }-BHZ 1 2 33 0402 5%-D HDA SYNC RTC Ba“ery
2 1M 0402 5%~D
+RTCBATT
14647] HDA RST AUDIOF [ > RHe 1 2 33 0402 5%-D HDA RST#
RH15 1 2 33 0402 5% HDA SDOUT +3VLP RTCR1
[46] HDA_SDOUT_AUDIO <} 1K_0402_5%~D
{88 HDASDO [ > RH11 1 2 1K 0402 5%-D
for enable ME code programing 20mils
W=20mils,|
BAT54CW_SOT323-3
Reserve for EMI +RTCVCC
W=20mils
CH12
, 1U-0603_10V6K-D
@CH1_1 H 2 10P_0402 50V8J~D HDA BIT_CLK
@CHz 1 H 2 10P 0402 50V8J~D HDA SDOUT
< Reserve for RF please close to UHL
Security Classification | Compal Secret Data Compal Electronics, Inc.
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u7C LPT_PCH_M_EDS XTAL25_IN
REV=5 XTAL25 OUT RH89 1 2 1M 0402 5%~D
| AB35 CLK PEG VGA¥
Y431 GLkouT PCIE N0 CIKOUT PEG A (2% CLKPEG VOAY [~ ik PEG VGA#  [24) YH2
4 3
Y4 cLkouT_PCEE_P_0 CLKOUT PEG A p [AB%0 CLKPEOVGA (> cik pec veA [24) < NG 0sC
PEG A CLKRO# 1 2
POIECLKREQO# 2814 pCIECLKRQV#IGRIOTS PEGA_CLKRQH/GPIO47 “——T—MFG = > PEG_ACLKRQ#  [24] 0sC__No
| ys 1 2 4 9% 25MHZ_10PF_X3G025000DA1H-D
ﬁﬁ% CLKOUT_PCIE_N_1 CIKOUT PEG.B |52 BHE4 0K 0402 §%D 5,3y pcH ”_ 10PF)
CLKOUT_PCIE_P_1 | yae
CLKOUT_PEG_B_P
— AF1ol PGIECLKRQ1#/GPIOTS U4 PEG B CLKREQH PT |1 1
ABag | PEGB_CLKRQ#/GPIOS6 P———— > PEG_B_CLKREQ# [19] == ChHer == Chzs
CLKOUT_PCIE_N_2 — CLK CPU_DMi#t 12P_0402_50V8J 12P_0402_50V8J
AB GrKoUT owi [AF3 CLKCPUDME 5 o1k cpuoms 5] , 12P0402¢ , 12P0402.
42 cLiouT PeiE P 2 AF40  CLK CPU DMI
PCH GPIO20 AF3 CLkouT pmLp =G D7 ik cPru DM [g]
PCIECLKRQ2#/GPIO20/SMIt A0 LK GPU SSC DPLLE Y& (&
AD43 CLKOUT DP |"AJ39GLK CPU_SSC DPLL B GLK CPU_SSC DPLLE  [8] — |
[40] CLK_PCIE_MINIG# A4 | CLKOUT_POIE N 3 CLKOUT_DP_P CLK_GPU_SSC_DPLL  [g] iz B
L. L. [40] CLK PCIE_MINI3 CLKOUT_PCIE. —— | AF35 DPLL REF CLK: CLK_BUF_BCLK# 4 A5
MiniWLAN (Mini Card 1)---> [40] MINIBCLK_REQ# MINIGOLK_REQ# T3 PCIECLKROG#!GPIOZS CLKOUT_DPNS :FSG DPLL REF ELK# DPLL_REF_CLK# [8] CLK BUF_BCLK 3 6
CLKOUT_DPNS_P DPLL_REF_CLK  [g] i 2 7
[40] CLK_PCIE_CD# AE43 1 GLiout POIEN 4 SN
F: RN 4 CLKIN DM CLKIN DMI 1 8
ol GLK PGIE OD CDCLK REQE AR5 cxour CLRI DV vy CLKIN_DMI
Card Reader -- [40] CDCLK_REQ# PCIECLKROA#/GPIOZE CLKIN_DMI_P 10K 0804 8P4R 5%
+3V_PCH AE — | AR24__CLK BUF BCLK#
AE4z | GLKOUT PC'E NS CLKIN_GND |"AT54 GLK BUF BOLK CLKIN_DOT96# RHe6 1 2 10K 0402 5%-D
4 PCH_GPIO44. CLKOUT P CLKIN_GND_P CLKIN_DOT96 RH67 1 10K 0402 5%-D 1
3 6 |PCIECLKREQU# PUIECLKRGSHGPIOss H33  CLKIN DOT96# CLKIN SATA# RH68 T 210K 0402 5%-~D
2 7 |PCH GPi0ad AB: CLKIN_DOT96N "33 CIKIN DOT96 CLKIN SATA RHE9 1 10K 0402 5%-D
0 e berr AB% GLKOUT PCIE N 6 CLKIN_DOT98P
CLKOUT_PCIE | BE6 CLKIN SATA
0K_0804_8P4R_5 149 NFC_RST# NFC RSTE A PC'ECLKROE”’GP'O“ CL%j‘gﬁﬁTé BC6 gLKIN SATA# CLK PCH_14M RH62 1 10K 0402 5%~D
Vs A | SATA CLOCK TERMINATION for YOId and neos
+3V_P@H CLKOUT_PCIE_N_7 F45 _ CLK PCH _14M
0 RPH25 Al EFOLK14IN "7 CIK PCI LPBACK close to PCH
o P2 5 |opoik meas 2 cLiouT peie P 7 CLKIN_ SIMHILOOPBACK
M6 IVINGOLK REQE NFC DET# Y3 AL44_ XTAL25 IN
%\/\/\- +—1PCH GPIO20 [49] NFC_DET# PCIECLKRQ7#/GPIO46 XTAL25_IN [~AM43  XTAL25 OUT
T 8 JLANCLK REQF Pt < VIV J) [ XTAL25_OUT +3V_PCH
[6] LK CPU_ITP# CLKOUT_ITPXDP . C40 CLK PCI TPM R RH97 1 2 22 0402 1% CLK PCI TPM CLK_PCLTPM  [0] T
0K_0804_BP4R_5- AH45 CLKOUTFLEX0/GPIO64 RHOE 1 2 100K 0402 5%-D Vs e
=S 18] oLk cruIme <} CLKOUT_ITPXDP_P F38 KB DET# VN o SMBCLK RHa48 1 2 22K 0402 5%~
CLK PCI LPBACK _RH144 1 2 22 0402 5% CLK PCI0 D44 CLKOUTFLEX1/GPIO85 <] KBDET# [39]
CLKOUT_33MHZ0 LKOUTHLExaGPIOss |E® @CH13 SVBDATA | RHase 1 2 22K 0402 5%~
198 CLKPOLLPG < -CLKPOI PG RH145 1 2 22 0402 5% CLK PCI1 B4 | 1 vout sawzi g s o] op ez soymrD o o ot 1 2 10K 002 5%
CLK PCI DEBUG _RH146 1 2 22 0402 5% CLK PCI2 B42 CLKOUTFLEX3/GPIO67
[42] CLK_PCI DEBUG < CLKOUT_33MHZ2 AM4S cCD INT
ICLK_IREF
F 4
44 cLiouT _samHzs | AD39 DRAMRST CNTRL PCH__1 2 1K 0402 5%-D
AdQ | TP19 [AD38 +1.5VS RH53
CLKOUT_33MHZ4 P18 [ RPH14
AN44 _PCH _CLK BIASREF 1 2 7. %~ SML1CLK 1 8 +3VS,
20F 11 DIFFCLK_BIASREF oo = Brizs 7.5K 0402 1%-D SVLIDATA B 7
: EMT (CLOCK SIGNAL PCH_SMBCLK 3 6 T
Reserve for PCH_SMBDATA 4 5 7
@CcH4 1 } 10P_0402 50V8J~D __ CLK PCI LPC LYNXPOINT_BGABSS 22K BP4R 5% 3V PCH
CH26 1 } 10P_0402 50V8J~D _ CLK PCI DEBUG @ s MW
SMLODATA | RH725 1 2 499 0402 1%
LPT_PCH_M_EDS NUQ@
=5 [
T
[3840.42]  LPC_ADO Bus
(38.40.42] LPC_AD1 | | of
‘ ! . LPC AD2 A18 . SMBDATA PCH to DDR, XDP, TP, FFS, AMP
[38,4042] LPC AD2 < |——————""-LAD 2 5 T&L
LPC AD3 ci8 ¢ SuLoALERT#GPIOG0 PNE DRAMRST CNTAL_PCH — 5 < 1 PCH_SMBCLK  [14,15,39,43,6]
[384042) LPC AD3 < }—————""-LAD 3 U8 SMLOCLK SMLOOLK (48] QHeA ol
SMLOCLK
LPC FRAME# _ B21 DMNGEDOLDW-7_SOT363-6-D _——!
[084042] LPC_FRAME# < |—PC-FRAMEE B2y ppuyicy A7 SVLODATA PCH to NFC SMEDATA - 3 T&T 4
D21 SMLODATA SMLODATA  [49] 3 PCH_SMBDATA  [14,15,39,436]
= LoRao# H6 _ NFC IRQ QH2B
620 | prarieriozs SMLIALERT#/PCHHOT#/GPIO74 Pro——r ottt NFC_IRQ  [49] OMNGEDOLOW S aT363-6-D
%~ L1CLK
Lavs o BHS 1 2 1Koz suD SMLICLKGPIOss | X6 ShLiC!
[38.40] SERIRQ )2 SERRG AL ] geping N11__ SMLIDATA
SML1DATA/GPIO75
F11
ook & :
PCH_SPI CLK R_AJ11 SPLOLK 3 = L0 No support iAMT
pos sl ose Ad o oo ik CL_DATA .
X 7
PAD-D T7 @ g POH SPLOSI# AL7J o oo o_nsti p
RPHS A0,
PCH SPI CLK 1 8 PCH SPI CLK R = sPics2# py | BA4S
PCH_SPI_SI 2 7 _PCH _SPI SI R PCH_SPI_SI R AH1 SPI MOSI
PCH SPL SO 3 6 PCH SPLSO R L pa | BO45
PCH SPI WP# 4 5 PCH SPI WP# R PCH_SPI SO R AH3 SPI MISO Thermal o
L 43
15_0804_8P4R_5% PCH SPI WP# R _AJ4 SPI 102 R BE44
PCH_SP| HOLD# _ RHa1 1 2 150402 1% POH SPIHOLD# R AJ2 | o o0 PR3 7”
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[38] PCH_SUSWARN# < S su USPWRNACK/GPIO30 sLp_sas PS8 PM SLP 544 S U] > PM_SLP S4# [38,55] -
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PETP_3 USB2P8 |4
USB2N9 :Mg — S usezone (33
PERN_4 USB2P9 B2y UsB20 P9 [35] Touch Screen
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PETP_4 USB2P11 [
3 USB2N12 [-oa2 — USB20_N12  [40]
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PETN_6 USB3RN2 [-Avas—USBonp USB3RN2  [45]
PETP_6 USB3RP2 [5Das—snan USB3RP2  [45]
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PERN_7 USB3TP2 |—AWa6—USBIRN USB3TP2  [45]
PERP_7 USB3RN5 [avos—USBIRP: UsaaNg [[40]]
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PETP_7 USB3TP5 AR29 USB3RN4 USB3TP3  [40]
USB3RN6 USB3RN4-{40} -
PEAN 6 UsB3RPo M USB3RP4  [40] USERRIS
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PETN_8 Recommended minimum spacing to other signal traces is 15 mils.
PETP_8
PG|
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OC1#/GPIO40 R USB_OC1# [40] RPH29 s
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9 OF 11
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@ RPH30 Q
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0K 0204 B4R 59
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USB OC1# __ RH84 1 2 10K 0402 5%-D
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R ————"=q /
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+3V_PQH T 4 5 EC_SMi# TACH1/GPIO1
3 6 PCH_GPIOT2 PCH GPIOB 14 | oo oioe
cPUNise
1 1 8 PCH_GPIO24 18] EC_RUNTIME_SCI¥ [ > EC RUNTIME SCi#__ GI5 | .\ oo oo avs
10K_0804_8P4R_5% B8 EC_SMi [ > EC_SMi# Y1 | spios o
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10K_0B04_8P4R_5% PCH_GPTO2 from EC PCH_WAKE# oot coions Y10 THRMTRIP DAL H THERMTRIPZ C RH162 1 A A ~ 2 390 0402 6% — i THERMTRIP (8]
+3VS — | GPlO24
WAKE PoRE Ri1 pLTRST pROCY PAM—CPUPLIESTE {7 cpy purRsT# 18]
RPHo [38] WAKE_PCH# > GPIO27 N10
t 4 5 EC_RUNTIME SCI# PCH GPIO28 ADI1 | 0o vss L
3 6 ODD_EN#
2 7 LCD DBC BT_RADIO_DIS# AN6,
I : & LoD DeE [40] BT_RADIO_DIS# < — Amo GPIO34
i% 10K_0804_8P4R_5% [35] LCD_DBC [ J GPIO35/NMI#
PCH GPIO36 A8 | o\ o 1036
+3Vs
PCH GPIOS7 AL | o x1a3GP/GPIOS7
RH174 1 2 8.2K 0402 5%-D BT RADIO DIS# PCIE_MCARD1_DET# AT7
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GPIO37 TLS Confidentiality A
Low - Intel ME Crypto Transport Layer Security (TLS)
cipher suite with no confidentiality
High - Intel ME Crypto Transport Layer Security (TLS)
% cipher suite with confidentiality |
RH169 1 2 10K 0402 5%-D PCH GPIO37
,3VSo RH180 1 2 10K 0402 5%-D PCH_GPIO49 .
GPIO28 On-Die PLL Voltage Regulator @Rk 1 2 10K 0402 5%-D T 13VS
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% H:On-Die voltage regulator enable +3VSo . -
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~
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Output WLAN_EN
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+1.5V_PWROK

Input  PM_SLP_S3#
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+V1.055_VCCP_PWRGOOD
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Output VR_ON

Output PCH_PWROK

PCH Output PM_DRAM_PWRGD
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-
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+VCC_CORE
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Input VGATE

SYS_PWROK

T37
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Discrete Power On Sequence

[AC in] [Battery only, AC absent]
ITEM Measure Point Time ITEM Measure Point Time
Ta B+ To| ACIN Ta Br To| ACN
To ACIN To| +3VLP To PBTN_SW# Tow pluse width NA
Tc F3VLP To| EC_ON Tc PBTN_SW# To| +3VLP
Td EC_ON To| +5VALW Td +3VLP To| EC_ON
Te EC_ON To| +3VALW Te EC_ON To| +5VALW
Tr EC_ON To| +VSBP Tf EC_ON To| +3VALW
Tg PBTN_SW# Tow pluse width NA Tg EC_ON To| +VSBP

I I

ITEM Measure Point Time
T PBTN_SW# To| PCH_PWR_EN
T2 PCH_PWR_EN To| +3V_PCH

T3 | +3V_PCH To| PCH_DPWROK

T4 | +3V_PCH To| PCH_RSMRSTH
T5 | PCH_RSMRST# To| SUSCLK

T6 | PCH_RSMRST# To| AC_PRESENT
T7 | PBIN OUT# To| Low pluse widih
T8 | PM SLP 5% To| PM_SLP_S4#
T9 | PM SLP_So¢ To| WLAN_EN
T10 | WLAN_EN To| +3VS_WLAN
T11 | PM_SLP_S4% To| SYSON

T12 | SYSON To| +15V

T13 | +15V To| +1.5V_PWROK
T14 | PM SLP_Sa7 To| PM_SLP_S37
T15 | PM SLP_S3% To| SUSP7

T16 | SUSP# To| +5VS

T17 | SUSPR To| +3Vs

T18 | SUSPR To| +15V8

T19 | SUSP# To| +1.8VS

T20 | +1:8VS To| +1.8V_PWROK
T21 | SUSPR To| +VCCP

T22 | +VooP To| V1055 VCCP_PWRGOOD
T23 | V1055 VGCP_PWRGOOp To| +VGCSA
T24 | +VCCSA To| SA_PGOOD
T25 | SA_PGOOD To| VR_ON

T26 | CPUT5V_S3 GATE | To| VR ON
T27 | CPUI5V_S3 GATE | To| +1.5Y_CPU_VDDQ
T28 | CPUSY S3 GATE | To| +0.75VsP

T29
GD

VR_ON
T35 | H_CPUPWRGD To| +VCC_CORE
T36 | +VCC_CORE To| VGATE
T37 | VGATE To| SYS_PWROK
T38 | SYS_PWROK To| PCH_PLTRSTH
T39 | SUSPR To| DGPU_PWREN
T40 | DGPU_PWREN To| +3VS_DELAY
T41 | DGPU_PWREN To| +GPU_CORE
T42 | DGPU_PWREN To| +1.5VSDGPU

T43 | DGPU_PWREN To| +1.05VSDGPU

GPU power on sequence

SUSP#

39
DGPU_PWREN ™|
T40 RC Delay
+3VS_DELAY
T41 RCDelay
+GPU_CORE
T42 RC Delay
+1.5VSDGPU 1
T43 RC Delay
+1.05VSDGPU
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