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xghstt. Z2A|A(172)= (PU(central processing unit), E& (PU & UE Z2AMAME X3t
SOC(system on a chip)¥ <= Att. & oo, TR2AH(172)=, F Z2AMY SLsAY F Z2A49 4
MY 4 9, GPU(graphics processing unit)E E3e 4 vk, Al2®l HE=(170)E #HAFY tlnfo]zo o
g 24 WEdES YedE HRg(174)E 2330, TRAA(172)E WY (174)S &838to] A28 (104) 9
F2H& Alojgitt,

A|2=](104)2 AlaFel A9S g5yl A Ees T3, A2F(104)2 Al=E BRE170)00] 2H 9L
= vl i wiEE ARdESS 2 Ae® Ao dn. wiE g (124)= wiE ] § B e Al
AES vebd o glal wiE e (126)+= wiE e e F2 Ee AaRES yehd 5 gy, dEdHom 4
g G B AvI= AAEe] JARE, AIAE(104) 9] AL WoelA Goldt miE el A ES] YA
Fo 7AE Hdavk glvk. 4 oA, A="(104)2 2 /) 23] wiEg A2HES 7Hd 5 Q.

A Z=81(104)& Al BE(170)0l] AAEE sk o]ide] o= 2 Jt=g X
A HE F o= Q1(182), o= <1(186), = <1(192) E of < oAlEta k. Al2E(104)S @
d o= Ql HEE XFE F 7Y B vl o= Ql HESS g k. FAH SR gAaR o=
2l E2 Aladl BE(170)00] tiek Aolgt f3o o= ¢l AAS HoFEth. Al AA eEHE niel 2

7 AAE dAEHA] AR, Al

Zafsttl, A <EN(104)L 47)9] o=

of the fyel Adel sbsdtth. AZ@(0)0] o= ol mEd g Aol

D020l EAE A0 fAHE AAS ETFT Atk AP EF R FABNA A (104)0
THE F Qe dold AN WA o= ¢l BEE dAs gtk U delM, AZH00)E BE o= 9l
BEE 9o 43HA0 BE o= o BEE el AFHE S ¢ HEES TP, T o HE ALY
(104)e] HAH oz o AEo] QA et

| A=l (104)° X
g . dE 5o, HFH NS $AHOR Fold ¥ EE StE =dholH
A71E Aednt. IRy 2EAE vz g dee] Fdd welx g4 FHE fAge vRYE
ki % =, ARSEAE AdEd Alag el we, A
e)2A ATd 4 Ak, delA, o= ¢l HES F s oS SDE UEhITE

o = QI HEEL EMF(electromagnetic frequency) '#AF B mo]Ze tis] Aojs= 7]
Al=E (104l 3 = k. A eollA, o= ]l RES T sk o3 A Sl b
A ItEES R 5 AN E P

#

a7t Y %

W T

s
2
=2
>
2
[
o,
-
oo
Do
rlo
D
i)
iy
~~
o
S
=
=
N~—
~~
—
o
=~
N~—
fr
>,
[>
<
f
[r
~~
—
~
[«
N~—

Addd. AYH84)= B9 whid
T BE yekdi. webs, A e e A
AAE o= Q1(182)S B3l ol HAXIE EARES 7R A2 38 Ths T

= 2 S 79 E & vehd=,
#9E (CONN) (188) & ol F PHRE AYHER
AR BE(170) el Eim 1 flell AREE s oo o= ¢ FtEE 2FE  es g

B
3o
v
2
[ d
[
=
X
rlo
i
=
Ho

= (m
[}

= 21(192)& AYE(CON)(194) S Fa Al2®] BE=(170)0] AZAFT. o= 21(196)& 4 E](CONN)(198)
Foll Alz=El HE(170)e] dZE . o= Q1(192)3 o= Q1(196)2> AZ Alx~Hl HE(170)& Aloldd FiL
2 dA|Fo] glon, o] o= ¢l HEEO] AlxEl HE(170)9] /doldt oAE EE tE FEE0

= [e)
A9 5 92 At AYH14) L AYHAW)E ekel B F ke E AYHED 5 .
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[0031]

[0032]

[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

[0039]

[0040]

SIHS31 10-2022-0092369

Al =" (104) & Al 2=®1(104) 9JF-¢] tnfo]~Ed] tigk [/0(input/output) AHEES YEllE AYEE(164)S
X33, o E 5o, AYEE(164)2 USB(universal serial bus) AYEHEY —’F AAL} o5 ¥
ATk AIEF(104)S taEdo] Ynfol 2~ Wek x3E 4 vl A[AEI(104)2 ZEAA(172)e] A=
EQA JE |25 23e = 9]

= 2a WA = 2 ofE Q1E USM AYEE vl EE AT e 55 telojadselt. viHEE
(210)= F A&E Z2ANE 298 F AXE BES UERIT. o= 91(220)2, Helo] 1S e R
E210)=A s, AxE BEd ddd g REs yEhin. BESC) A7) FHo] wEAl dAw
FHo® Hol gl= AL MB} Al2F HE e vl RE(210) R oojE Q1(220)9] AW 7152 st
A HQl FEE vEkd 5 gl

% 225 FF3H, FHEE(202)= U}HEE(ZIO) 9 o= Q1(220)9] HHEE oAgtt. mHEE(210) =3
5 %L“éé 214) Atele] =59 45 Yedle d=s(212)S £ 9 doA, H=E5(212)9 €2 v
HE(210)9 digt AdEEY] D}O] Oﬂo]u}. ol = Q1(220)2 Ml EE(210)9 HEE(212)S vHH3e= HES
(222)& ZS3Th, EE(222)L HE=E(212)0 S, 974 AEE(212)E FAHE ATEL USH AY
H(EAHoRZ SAHA g3)E 53 d=E5(222)2 AZ).

i

PEE(212) 2 J=E5(222)2 REE A9 w349 AYHE vepdth. o2 AYEHES PCBY sty o]de 3
o7 o] gAY BE ¥ ARE Hol gk, =Ee AdE 3 9Fd e v o] Hol ik A

A& 7hestA

P R = (210)9F mEZAI R, A dellA], of= Q1(220)& 270 235 77 (224) Atolel] iR

Zgaie, 237 FEe qus2)e 99 @5 9 23% FHEQI)L 2HER
(standoffs)(216)& E3Fstar ~AF T E(224)2 ’\%EPL*L%(ZZG)E E3er. 2hs=e E
M= M5 (226) UF T U5 29 Ao UARM(threading) & Eg@th. webr, ~23F FYELS, ol
oA B}t AE] 7lEE s vhel o], AYEE RESY uAHANA 2IFES FEF NTNE HES AF
Gl

MEEE(210)E Y THEC18)S EIFT. of= Q1(220)02 AE 7 E(228)S EIITE. A delA, A
d 7HEQ)I Ad 7HE228)2, A= ﬂ@ HEE gE W, BEE o] vY omAEelt. A oo

V H

A, Al EE(21009] 4 FHECIR) Y o= (22009 AE FHE(228)2 A2 FHHA &&=
FHE(202)0] oAl vheh o], Y FHE218)3 AY FHE(228)2 A2 AHEAL, AYE FAHOERE
eEAE FAL 2Tk 3232 gAE)S A T, Bt dE5(212) 2 415‘;(22 )¢ Sk
aehs FAAE dAlgtr. 94230 (7S dAE)S HE ?L“* =(218) 2 A9 FHE(228)9] T3 wakst
o eEA30e 48 THE FHoRree] eXAS etk o deld, ¥ FHES FAM2
2)oll TAls Fa .

N Q1(220) 23T THE(224)F FAT £ dE 23T FPE(240)L 2 AoE A Ho] drb. 23

F FHE224)2 RES] d49 v wgRE(210)00 2SI € BEQ] o7 HelA] o= <1(220) ’2}01] 4
Zstar, 2~3F FHE(240)S o= 1(220)9 HHZE o X Hﬂ?ﬂﬂr A% FHE dig & FAx
(identifier)& 235 FHE(224)0] Rl R E(210)d AAFE H=E(222)] 93] HXERNHT ~3F T
£(240)0] P RE(210)9F JAEE HEES 2 Fevhe otk 23 F FHE(240)2, ofgdA 7<H
= Akel Zol, tE HEC dAZHE dEES T F Adrh. didHom, o= < (220)g »A%F FHE
(240) Aol ojwe HEE%E 2EA] & 5 AT}, E(240)2 o= Q1 BE9 AAE 9T FUF X

A& el A28 ALl B of= 91(220)¢] AAE 7hHe st

s
3% FHE40)e 23F FEE e A2FE JdAES UehlE Hlels(242) & oAt 2=aF
5(224) Bl 235 FHECI4)] FHEEQ202) M AR 7HA A= FAREE HlolES R EggthE Aol
olgld ot} Ho}ES HIEEoA 9 B EH?‘L H5 golds ¥t HPFHown, Hd F9UE
(218) 2 A4 7HE5(228)2 ZAke] PCBES] Hlo] 5 (bare holes)olth. ho]dd 772 HIEo] Hojk 2
Mol Zo] Q= s ol AAHAY Z]jx]tﬁ_(groun plane) ®+= A=W (power plane)ol] AAFTh
T 2bE FxsHH, SUE(204)E BHRE(202)9] HEVEESS] FHUEE oA, FWR=(204)9 ##FE nid
A5 (204) =

HE(210)8] 23F 7FHEQI)I o= 91(220)9] 2=3F 7HE(224)¢] YAMES HolgEd, SH
gst7

=
=
T3 2ElE e IE5(216 E 226)0] USM AYEHE BREBo uAgsty] &) 23F FYE0] 24FES =88 &
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[0041]

[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

SIHS31 10-2022-0092369

A dellA], 23F FEEQRNM) B 23F FEE224)S FH50E HoldH HELAY A2RE FY ST,
F&3lE AFE JfFHRELS AEEQXE(216) B ARMEQIE(226)0], ALY, A2IF FHE Yo £H¥E
o, 2a%F FHES, A7), AtHEE(210)0]4 9 71(:1 ]Ud 2 o= I(220) el A o] FAH AAAZ F YA
gk, ofEfellA BT *o“ﬂ 3] 7leE e vkek #Zol, F FYES AAWE dZAYE AL AYEHE FHA
Al 4 Q. YA Q=S ARLE FTAE-SNT ¥ ZE M (post-SMT(surface mount technology)

assembly process)oll A U]'1 ZE9 o= 9 =5 ZHele AL 7hsshAl s,

A THER) 2 AE THE(2228)S HEE il
AdEE AN 235 FHEQCH) ¥ A3F FYHE(224)S 2 HEEd 149 v g=
A

é
re
N
(e
w
=
A
1%
o
lo
Y
0,
g
o
i)
ot
o
W
o
2
of{
ot
O
(e
w
=

S0 A7 AFAY] A% BRES TRAh. /1Y Y Py gomnyel Jud 4 4
F4Ql o= ol nE AEAUES Ha] HEE Aol wrh F& IAE AFsekA Bt

2RHESTEZA A YT VEH o] PAT, AHMEQIE(216) W AHMEQIE(226)L Hiotd oz AF o)A
59 oy, 2HEQ T E(216) W AEIEQ T E(226)9 AMES mlERE=(210)E o= <1(220)0] AAXA7
e AdE 3 AAFES IAHANTE YARES AFEt. A3 R0 2372 34477 Y Al&E A

= =
A9l U TrERA Adb" S 9‘22i, o7k WAk e WA 2ol Baw 8
B Hol A7k wpgae 4 e, 2 oolfre ~

: G &
=0 o] LpAAbo] AJA] ZABHE Q3T O] ur/«wur gym o}yﬂ Hux] e 4 9] wto|t}.
il

T 2cE s, AWUE(206)= H HEES dA3t. R =(210) 2 o=
(220)0] HEES] o}—‘ﬂr —i—ﬂd«ﬂ HEES LA FrhsE Aol AWE(206) ZEE TEE 4 v, A 4
A, USM AYE et HFadde HEE9 & SHAANLY AZ4S AFstt. weA], l=ss Zhe 3TH(

O 1l
A vk ge AR

AG ekl 4 vk, weA,

gH)e AR AFAHor TUI Hud

I/0(input/output)+ PCBS] ©x] 3% Zwof T 3% Fwol] S = At)t. AYEHE olojAq @A HEE
Aol Ao AdAE AFstr] f8 3% 11 A dEES AAAZ F Yo, o BHE Fe 737 AMES
MAANZA = At

AHZ(206) A, & doA, A= XE(216) ¥ 2BRI=Q X E(226)0], AZY], 23F FHYE(214) 2 23
F THE@2)E B3 ¢dd] EAE F dAY, BE £23F FYE U2 FEHoEY d44E F U, A
UH (EAHA] &5)+ Xé% THE(218) 2 AE FYE(228) W2 &3] AFHAY, AE FHE U=E FiE
Ao Rt AFHAY, BE Hd THYEES T3 448 s SHUA dFHe TA2EE EE HES XEE

3a WA = 3de <lEkel USM AYE ] oo &

Z tloloja#Eo|tt, tiololaWMEL A1 PCBL A2 PCBY
TAAE oAs. A oA, A1 PCBe vlH A

oy

A} =oli A2 PBE o= Q1 REo|tk. ¢ ojellA, A1 PCB
¢k A2 PCB & 5 of= )l HESen. Aol BEd AL 2709 RES AAATA = w9 A
Bo S5& Fo B 3= AAY AdHY 8258 A,

aZ Zxshd, H(302)& Al PB A2 H=ES A2 PGB A2 H=E3 d4A7]17] 943 A ojaEg
Alget.  El= Tl (320)2 AYE 7 aE wf Al PCB el H=E3 A2 PCB %
2 AAATE A7) dEE Be A7 AYEES Uiy, fEES ddHs O

>

& W5 £ W AgEOldan 49D S Q. A= 2A9C0el ds o
= = = Ak
T =

)3 gk "ol AxE RSl §‘EH+(330)i r‘ﬂ‘: 431101

(320)9] @& dAjgitt. = ZHP(320)S FE z M F=E5(332)2 T4
Hoh. sl FEE AL PCB Aol dl=eof HEstal thE FES A2 PCB Ao tl$she = FEsith, F
S A1 PCB 2 A2 PCBe] TS T HAL oA

A FAe FH(336) 0.7 gAHa FRHEYG. A
g, Z(arc)v FEE(332) F e g9 =

webd |, AdE e 2Ega A F50 o) nAHE u, AdEHE g= Zdd(3200% PB H=EE oz I
oAU glgate d=E AM% Bt =5 FAd mE, fE ZHd ofAERe Utz 49
St o] & ME F i HIAFHeR, E gese] Fo] AYE Alelsd gl wEtA ~IFE ol 713



[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]
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A drh). z2Eg ¥ Al PBE A2 PCBell 8t Hfslal =59 AV|A dAZES EAste ded 2
2 (engagement force)S A&3 & drt. AYE A7} o& 2 FIEE UhE o= ¢l Flud 2F HG3A
= Ql JFIEE wHREE oFo Bt HskE ARG g= ZYdEs JheetA A gE, a28g A2 1
AN198S 7HsstA gt

Ad 715G12) (e AE FHE)S A Ad Zydd o) wEuA € 7] e HE TREES 9
Algth. d dlelA, 2HEQXE(314) PBE W] AW driAoz AAdH. o dddA, 2aFE
(316)2 2BIEQ T E(314)7 2EAUT, yotdon  AEE QI E(314) P(BES AR He| d7)do=z AZ
23 e 2HoAEd d& dAE ¢ dAY, EE gtdoR, dEs] A3FE(316)0] A BtEEA
3l7] 98 REEdAM e Wo] AFEES Fd 2aFES A% Jlol=E AT 4 Jdrt. A= X E(314)
2 235 9 Y29 Yabe ¥ ¢ 9u 23FE(316)S TAHAL YA F2ES ATE 4 dd.
dejol oM 2FFEB16)S HE HA e Al2E FAlo] Hr]jdor ddrxo], AYEHE HAANL
ATt 2TAFEGLO)S =3 AZE 3 4 ARE AFS] do AES bEsA e, ol Hu &2 A
a9y HEEE JhsetA & ¢ Adrk. d delA, A= HA vh(grounding bar)(322) (tibA o2 HA vt
i AHE £ JeH)E T, HX vH(322)E F= ZHP(32009 HA WEo| MEzow A" 4 gl
ok A "WE digk HA uh(322)e] AAL Z7he] o] HARS] FAe HRE ARF BHAS 5 . A
YE] AWML 549 A5, HA vk322)e 55 AN 2H R HEE 9o, £2aFE5(B16) H 2HER
TEB)S T FARY A HA ARE AT 5 .

% 3bE FEEW, H@B= = =y
(320)2, A4 = A(324)° 93l Hol7]
ole Adeo z3=E HA vH(322)0] tig 71AA X]X]T(mechanlcal support)E g3t

(?—_._]
= &
BA WHE2)7E AR o 8] 98l B 9 pRE S5ARES 239 5 ot R4 5REe A
W eESa Beldom AEsa AU 9% Aug Bedon HEIET Aga & QA ] A9
.
.

] ShaL
Zed By Ex T &9l 7‘3%% A ey

AE ZHA(324)2 =S AR BAES g ZHA(32008 IAAIY. FHHeR ) Y Zyd
(324)& A1 PCB & A2 PCBolM 2] BE 7|53} BEEs TAEE, HE, B U8 IXEES X933, A
4 7158, 49 Zd 3200 o&) Golr] wiel, &

Ad 2 d(324) & S8 A, AW dAE= HAE A W A

d oM, AHFH _‘#4_?51]‘?:](324)—‘l Lty T Yoy, St~y =z Y2 3D(three-dimensional)
ZTHEHAY, Al AFHAY, Be HAdE & e A" F22Y S5 32 (nold piece)d 5 AT
AE ZHd(324)2 HE HAdE BY, AT G=E AolY Aol 2 AYEE AT 7 o, o
= PCB sl=Eo dishk A5 AT E JEd& @dste = 2 AAE A, AE =ZHd A7
FoEs Higste A 9ok, PBEAAS 4d FYEY w=de AY v 7Y EAFES J=7 9
59 A E 4ES nAS

L 3cE #F=xsHd, F@06)E AGE <3 wE" o Al PCB 2 A2 PCBe] $W(back side) H+ 3FH
(under side)& SJAIgTE. ~3F FHE(340), A2g AAle] weh, AfolaE e ~UEXE0] YA
U 2FolME e A2HEXEo] glE g AE, 2AFEY AMES 7hssHl sk PCBEAIAY FHEY

=(340)2 PCBEoIA o] AAwol] AAE7] e w5o= 2fo]dHil, BRES
=9 A714 2E& YET] S8l vloka(342)2A dAEo] Tt

239% FHES PB AAHE HAANE AL %53 HAAZ BAdsts AL B2 453 17 HAA 2 AY

HEZYH d& 98 4 A2E AFste FHol Ak, HE 715(312)2, PBEAM Y 45 FEdxa ¢

e, 449 ZU9(324) o 2REHe IAEE T HEZ AYA Jrr. oAl AFH nie} o], FAuEo|

e F2EEL = 2y FAd dis] LxAE £ dAY, e fE L FHo TS ' 5 3
— ( IS hvd 1

2 = =

324)0] AY EABESL A1 PCBY A1 AE 7Y %3 AIdsl= A1 EAE A 2 A2 PCB2

12 X2E &S X33 5 Qr}.

T 3dE #H&:EW, {H303)E st AVHE dAst, AMGEH0)= dE T 324)S JEF2Hsta, HHY
S o g = dFEASL drk. AHB)E 2AFE(316)S FEste 2AF

S X, 23%F PHEER)S 2AFEGIE) ] AYEE S Add F U st vk
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[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]
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(g 59, BEE 4o 2tl=esx i A o] 2ul=ex)st gtad o) 7deE A1 PGB % A2 PCBS
St B AW (350) el SAFEE UEY. AYE S PBEY A BAshs AL E3 PBES A
dE e @ BASES A5 gl

A ool A, AN (3500 F
s Aol Mol wEshe 3 3
HEAL 780l 4Y AsHe gaAAG. weh, 2 e

o AP e =AY do| WFoz g FEL shie] 23T gomyy nE ~aF 4ow

=
2 h2ad 34e 32 F Ao

Nl

& ool M, wijkHom Aols e AR Arda AFE e AME50)= A7) dEAelr. A delA
AW (350) = =5 = S5, ARs 7] A=AES =8 4 A=AS Algstes Adegdn. A8 (350)
7P Elc 331194(320)94 2

NS I’Jr?l—'é— T f=E5 ol EMF(electromagnetic frequency) X#H|&S #|¥3}7] u
L A FAMS Aed 5 Aok, A 8k322) 3 OA
wol= AAlE A & .

ﬁ
r_El
urt
o
N
R
63
[N
8
2 ©
Zi
>
> _I
i _\_4
rlr
=
o
27
fof
-
i rlo
oX,

A oellA, 2AFE(316) B AWM= TEB14)S ¥ ]
AeEe, ol AW (350) e B d W AYHA dig et &

2 NE
Hi

lo

20

N

20

b
oX,

[o

N

¥ ol
QL

rlr

ol
I
E

it

= 2d(320), AE ZEA(324) 2 AW (350)E EFstes AYEE HIFE A|EHAAY o= l FtEES
AANZ17] Y3 AdE olF|gAE AlEdtt. 2013d 12€°] xS 2EH PCI-SIG(Peripheral Component
Interconnect Special Interest Group)ZHF-E o]& 7}&3F PCI-SIG M.2 X2 PCI(peripheral component

interconnect), mSATA(mini serial advanced technology attachment), 2 USB(universal serial bus)$t 92

HE REES % A2 ZFTEE i A2HEY 2 F EE EolE A PaAFY. PCI-SIG M.2v HEe
& SUE ol HHE e HoES X, ol AE Yove HFY fule]zEoA Fold uig Atk
Q90d 4 Ak, M.2 E—fr% 2.4 mm ¥°], = 1% PCle 4(PCI express generation 4) AYEHES H$ 4
z]o] 2.75 mmE AskE T}, £(302, 304, 306 % 308)°] wWE ANE+= 1.3 mme &= AYE FolE Al
T AT
S

A FAELS 14 ANadd AZSNME FY3 FolE FAG= AL 7MesA 3ok, A, ﬂﬁ] H&
WiFi, SF%2, WAN, SSD REE, E& tE FH7|7] BEEC g 24 223 Asdds AT &
Ak, V=" AYEHE e REEQ 7hdd PCB X244 ¥ A X (post PCB processing installment)& A+
ojgk Al2El FAEC U F A" s H]8ES SUMA7IA] oA dig- gk ¥ HE AFHE ARHES
7VestAl & 4 Ak, AYdE s o] & 248 F43}=(emissions compliant) EEEY AFES 7l SHA
3k 4= glo], Aboldk Al A®El FLAEo] 3l EMI(electromagnetic interference) w=o|%2Z HAEZT FQAS 7}

% da YA E 4eE = QJ BEE 2l UM AYHEZE wgH o nAHA I E o9 EF tlolojagEolt),
o] tholo]xA;MEL HE(302, 304, 306 L 308)2] oo w2 AHYE <} HE(202, 204 2 206)°] W PCB T4

ki

428 FzsIH, F02)E dZEE 2719 PBE YEE mIEEE(410) 9 o= 21(420)S oAse.  mi
RE(410)+ H=E412)S Xgstal o= 21(420)2 M=E(422)S E8sitt. R =(410) 2 o= <21(420)
o] AY FHE(434)2 AVE(430) 0 et 71)S ATt

AME (430) 5 2AFEM0)E FEaE 23T THEUR)S AT, AU E P EE410) B o
= Ql1(420) *u ZREQ X E(436) ol e 2 fd w9, AYE(430)dAe] 23F FHE(432)S vleE
T(410) 2 o= 1(420)0ll A9 WSt 23F FHE EE FHET FLAAZIY. 2IAFE(440)2 AYE
(430)5 ®IHE=(410) 2 o= 1(420)° mAGAZIH, o]& AYE(430)9] BE=Eo] H=E(412) 2 H=E
(422)3} <1E H o] d3HA gt

AGH (430) = BE o] BE AVHE FE 7 AT, FU02)olA e Holx] AR, AYH430)+ HEE
(412) 7} =5 (422) Atoldl] A71H HES ATt = Zddd, = ZddS B8t AE 7950134
ey e 44 Zyd, ¥ 23FE0)S 785t A Zydy gE ZHds 2 /A= gF Ao~ ®
= AE £33,

k
NS
o
et
oY
BN
P,L
A
B
=
o
=
rlr

FE(440) 2 v RE(410) B oof= §1(420) 3 StE= AYE(430)5 A

_14_



[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]
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. Bu Ader, 2AFE2 FUM)A 2AFEU42) 2 AAFEU4)EAN AEEY. AAFE
(442)2 AE|(430) 9] &% S aAGAN7|= shte] 237 olztal A Hd = k. 7AE (430)7F, AY)

el dagshs #e olASel 23T 4ol o, AuHoR APl a2 2t oz wad Aol
£AFEW2)E AVHY 8% FL Ao YT 2AFEWDE AVE (3009 e % Fe dA¢] .

(442)4 49, 23FE F shue vlgREEA10) dd5a gE sus o= Ql(420)0] AAFT}.
48}711, E(444)9) AS, 23aFE F 3uE g R =410)0] d4H 3 o8 duE o= 21(420)9)
ATy, 23F ~(442)9 ANEI(430) 9] B=E 49 % T e st 23F Fo2 FdE
il 4L Pt 99 tgE & g e o 3% Fo g 159 Aol

[
iy
—{ru

oA, o= Q1(420)2 AlZ=E MAN(EAIEA] 5l o= 1(420)S AAAYIE 2AFE(EAHA &
T8 23F FPEMU24)S XT3 F404)ol A, o= 21(420)2 ﬂhﬂit(u Yol
A 2AFEM42) T Y 2 2aFEUM) F UE it 23F THES EFET. o= <
(420)&, F7F x4 AXZ el o= <1(420)9] 3% D (back end)S A|=HE AHA] 1 A= F7HAQ
2AFEE FE37] 98, mHREEMI0)ERE BE W & Y (far end)dl U 23F £

% 4cE FxE, F406)v= BEEC digh AdE dAS dAstE AYE(430)9 EHEE vepdth. o
el A, PEHEE(410) 2 o= 1(420) HEFC H|o}E(450)S XFeta, HEM e THES AEAR
gloldEal Zhate] REES HAWE AVHor dAdET, A oo, REEQ T E(436) H]oHE(450)0
SEgEy. wEkd, AEEQ T E(436)e HEBo] HAHY.

235 E442)E AFEoA 2= T E(436)d 1GH Aoz EAFo] Q. AT FE(444) Eg AYE
(430)9] T2 % GH-Z v BRE=(410) 2 o= 21(420)0] AAA7E Ao BT H(406)E, AME (43
0] =59 Bl Ausks FeA AYE A4S S7H7=, AYEU30)AAM S F5 5455 (460)
= AAg.

2AFE5(442) 2 2AFE5(444)S OHC 21(420) 2w EE=(410)0f gk ZeEstar ke AYEHE ATT F
ATh, Z2RIEQIS(436)0] FAHL 2AFE0] A7) B A A=A W, 235

PHEE = (410) 9F o= 91(420) 9] 1”“5 Atele]l & Bl A7 HAE 9%

] (430)+= 7H*d54 Az FARE AT 5 =, L olfr= EMI
FRASE 55 A=, AW T Aot FA Y] wioltt.

% Saxz Q1ERRD USM AMEe] oflef AF thelozrgioltt.  H(500)= PCB(510)E PCB(520)°l A&A7]= A4 H
(53009 AHEE oA E. PCB(510)E vPlERE T o= 9 b= 4= 9dtl. PCB(520)2 o= <l 7}=o]
=

AWE] (530) &= dpalel] o8] Eeel
Aoz E}HWEM UA= A
Ao HE= s sk tE FE
Al A °‘°)°ﬂ ofs uAgd o

T

=
=

=
=

EAFEE o3 xdEG. AIE(530) = £(532)% :IL"E?'&DP. T
21 =(532) 7} PCB(510) Aol HZEF =0 cHsL shte] FE 3 PCB(520)
E3ste Aoz wzE Aotk H(500) %, 74“‘6(530)7} 2AFE(%
I e AT F e, 34 FHE ZE fE=632)E dAgt. 2o
7} o7 Qg ofghe] A (flex)S ZHe ol Ao A=

K m1ru -

FAHE, gEE(532) 7%‘31(550)ETE1 A7bE = 3

Pdogx 33" £ o, o 5(532)2 FY3 HkH (opposite force)o @ thdtstt}.  uwhela], PCBE9)
AW (550) & IAGA7IE AL 71”'3(530)7} -EF%E 144 uw PCBE e H=Ed B fguEe] J5F
HES BoUes g=i(632)0 s 7kttt Ay 93] 7teix= g=5(532)0 ek 32 ofx F4E

A oA, ASEGRES AE AEsh BeHoR R A/HoR FEeE FEAA FU AWOETE 429
SWon At JES TR A o, PEEGIDS FY 99 TN FHon 92 A
FEe TPAY. dSE6IY 2xyel RBY u, FHOoR AgHE $EL FAL Fal WY (pinch)dhi
Aol ol Aolth. A eolA, AUE(530)E AEEGI £1 gHs Afolel F2b ofgz olojx: HA
HHE3E EFT FA HHE3)E PuEe] Hadon HEHES 54 oE AoldA oz AgHE W
52 EPRAL, AT fRlEe] A AAHA @4 GES WES TP eths glol oldE ol
UEB (52 Axy A4S A4 AEEY G4 w530 Alole] de Bald 2 474 HES wEE
A58 5 Q)
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[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

SIHS31 10-2022-0092369

AME (53003, AHAmNA 2] A szzA mAEe] g, Tedd(540)e EFTh  AA=, o9

olglal A HE 4 k. EA~
FEAE(544)E PCB(520) 4 9]

(5400 MRIASAE kel wAl 129 5 AW, 209 A Haed TR S . TAU(540)E o
E5(532)8 AAAAY. A oA, Ty A(540) EAE(542) B FAE(544)E XY, olE EXE+
PCBE WZ F+ P(BES 53 dA%EE ZHde FAEE B+ Y5 B dARES Yeh)a 54 X2EE
E IS
71%

(542)3= PCB(510)ellA 9] 719 FHEY AH== 719 SZF 48 e,
9 THED AEHE 71 5AF S depd.

AYE (530 HE=s B ZHAG40)S dERAEE AHG0)E XA AYEGI0OE AYEE
PCB(510) ¥ PCB(520)°ll AA7|E 23F FHE(EAHA &5)S 2. A dddA, AW (550)+= B4
EARERA FE EARE(552)S F33. FE(552)L AB(550)7F B =E(532)8] A2y ZHgo] Flo &
g5 A9 & IA gt

H(500)= PCB(510)o A <] H]o}E5(512) 2 PCB(520) 04 H|o}5(522)S dA gt  H|o}E5(512) 2 u]o}

(522)& 4] POBE Aol AAWO] ARHES PBE Aol A 29l NS QAN E A7) Hokse
k. mebd, B4 EEe PBES EWE 49 ASE5S o AW 949 & da, wolEe e
4Awel A+ gew, Ea AWGO] QAL ¢ Uw, ANGI)E EE ALTEE B AU

a4 + 9

T 5bie Al AfAlel AAEE kel UM AYEL o] the]ojaelt},  H(560)E AYEE PCB(510) 2
PCB(520)0] A 7= AT FE(536)S zt= AVE(530)9 HE 9A g},

g oA, A (530)= A= IES E3F) P(B(510) % PCB(520)¢] A HM, ~MEovEo ~gREm
ANEE 1ZA7= AS 7FsetA 371 A8l WAt ol AY UAMES Zheth. J(560)= AIAI(570) ¢ AA
71§18 AE (530)E B3l 18]aL PCB(510)E 3 A== £2aFE(536)S dArlgtt. ~aFE5(536) &
3 A A (570) 9l Oﬂéfal 7] A8 AYE(530)2 Ea Elal PCB(520)2 Ea A4dct. H(560)0] HAE Q)
A RANE, 2T FE(536) 2T ES Bl AAI(570)0] AZE & Qlt.

AMA(570)= PCB(510) 2 PCB(520)7F B&= o = AFH Alxwlol] 3k A s A]2H]

o A g, MA(570)E 2TFEG36) I FEAZAET] S8 AMAI(G70)e] WF THOZRE 2 AFE
= XAEEG72)S xEeT. TAES(572)S AYW FHES 71957 93 %‘ﬂ 1(540) 0.2 5F olg= <
2] = Eizgﬂ FHEEfof Fh}. EAEL(572) A2IFE(536)F vl UARKES 2t ZoR o AF
o} S}, AFE(536) X E2EE(572)9] U Ao yalibe] wt=a] dAS FH oz FHo] g F2 obd
o] o3l Ao 13} g2 A¥XFEEY] AU4 Eolg ¥ H|&Eo] T3 HtEA dAHI FHoZ FHo e A
<& oYt}

A oA, E2EESL PCB(510) ¥ PCB(520)9] AFEE UE AN 55 HES X3, oo we),
PBEL, ¥X2EE(572)0 AHH1 X2ES(572) 799 #H(lip) ol Fols 2FZER, X2EE A *

o EC 1:}

A F Yy, oloj 2T FE(536) AYE (530), 2 PCB(510)¢} PCB(520)E EAELC] uAANZA 4
Y2

ARES 2 A UN AVE ] wA dojth. AME(600): FHE, SUES 2

AYE (6000 AUHE PBEC] RAAYE 2AFES FEekE 23T FREEL)S TP, SUns
2 AWEE A49 PBE Ao HESI 45HES Ay 1
GO FREE W AUEL £ AGE (60009 Y SYPES HehlE EASEE0S oA
e d7dE neEd 49 FYE W2 AFHES ANE(600)9) FPRE Age

YRS BE lo] AUE(600)9] (Tholoj 1ol wjakel ulsh L) gukie] AAWL BE 27} sukie] A7
=

4 A9e eiy] A8 S dast. ANE 6009 7 A 5 B EAEE(630)0]

A7) Blmge] FAlol dia exg| & glgel $3E Aol

AME (600)¢] FE olAe] ZumolA, HE 13 B 2% Ay AeE 2 gY posel ds dAHe A

52 949 J9e & 4 . d5E 9 gFyel MEA Bad A ohirh. 4 SRS e oy
=

2 %
@ AL ofyrk. WY AdAS A 7t = 83 wEste] ofefell A Ale L.

AYE (60007 B4 shtel eloln], F4, FEH, FE BYH A7), AYE Aolze] f2o Afel5, 2 o}
ool Jbsalths Ale] olald glolth. A, AFEe] dEel AlFH, oEe dolum, WeHom

_16_



[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]
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A8 5 o e A A5 ug E 0E W4es wAos MFE & v e, @A) b4
FHel o5l Q.

gl 309, 409 e 60% AYEES] A AFEC] x F5 we v
(5 £ Zo])E, 29.3 mn B 29.8 mm¢t o], tiEf 29 WX
- I~
R T

dE 5™, F)&, 8.0 mm =& 9.5 mme}t Zo], g 8 A 10 mm¥ AT,z
Ag(ellE &9, FoD)=, 1.2 mm B 1.3 sk o], ti=f 1 WA 1.5 m 5= vk, 504 49 45, 7
UYH (600) = AE v HAE Atolol digf 0.4 me] IXE 7Hd & Ak, FE=E(62009 AHE Alol] A
T, 5.0 mm £+ 5.3 ¢t Zeo], W= 5 WA 5.5 m¥E F Jvk. vy FE& WE EZEEE(630) Atole] A g,
7.1 mm EE 7.25 mme} Zo], "ig 7 WA 7.5 m¥ F ATF. x FE WE XAEE(630) Aol AFe,
11.9 mme} Zo], tizf 12 md & JTh. vy FE& WE 23F FHE Aol AFE, 4.5 mm EE 4.8 ot 2
of, tigf 4.5 WA 5.0 m¥ F AL, x F& WE 23F FHE Abol9] A=, 25.1 = 25.7 ek Zel,

gk 25 WA 26 m 5 Y},

T 7a 2 X 7be USM AYEIE wbdA7]= Aol ofs] Aelgh A7) sj=Eof AZ=E k] USH AdE L] 4
o] tjolojoltt, AYEH(700)E HHA AYHZ qAdtt. BgIAS AGEHS Hold F3o o= <l
HEEd A&t o F83 = .

T 7a% FZ3W, AVE(700)7F dAIF 2 ZlEdHT. AVE(700)9] 32, 2o F dXE 2 Hu 7] 9
AEE 2te, dubdos AP o7 dAajyo] Qlrt. 7t9gA o=z AgHE AYE(700)9] T8& 7«37
a8l =235 FHE, A EAFE 2 f=Eo] dAFHY du. FE AVEY AE, agla AYHE B9

AE (700)= W5 (752) R WS (754)& A, o5& ddd Hege Ad s Aqse AVEHE
FH ddFE 48 SAFES vehig. AdE(00)= AYEE RES 1A4AYE FH 2758 78
Sk 245 7EE(742) R 245 FHS()E 29, feS do]l WEe R ®u= AYE (70009 21 ol
As w As ol eR ey s glov, A7t g dold HEd dddn. ~aF e

DE(700) 9] #e oAE wEh AL olF= o epuHEE] glon, Zprhe] e 276 HES 9 AdA

TbE FzFE, F cholol 1@ PB(7I0)e] thd W= elololE W PB(720)el g MEHel efojobs:
& AT IO, dAR v ol Amge e G Tifsk, shisl de pETI0el o
urh o e de oAz o del deld etk PB(720)E =B shte A& Eged, o

o
& PCB(720)2] oo Bt} 7HAAY T o] AL PCB(720)2] o x| ZH-E EE} el "ol JAN, 4%

1 1

’ [e}
o] 2#¥ FHL& ofYrt. uwelA, PB(710)v &% d=EY 9458 XFehal PCB(720)+ 3% dl=E9

= OE % dEsd 9 wga.

g (702)el M, AE(700)= PCB(710) ] oA 2FE Hrp H2] "dojxl Arse] dS Ao By 77k o
=59 d& 2t PB(720) 0l AAAA FAojrk.  wigE(704) A, AYE (700)= PCB(710)¢] oAl Bt 77k¢
HEES dE dAZRH By W] 9ojil =gl 48 zh= PB(720)0 AZAA7]17] 918 180% 3=t

e X5, 4% wgEAdAN, A23F FHE(742) @ 23T FHE(744)0] ADE(700)9 FHS w
PCB(710) 2 PCB(720)lAe] 3% Y=y AL=HUTE AL A, AVE(700)2] kS 743817
A8, B=E5(730)2] 3% Zwel ¢l PCB(720) 2 PCB(710)2] A~3%F FHEL 235 FYE(712)0]gtal A
A3, 2=E5(730)9 9E ZHHel| v AAF FHES 23T FYE(714)oHa A F P,

ik (702) 914, AWE (700)9] 23F FHE(742)& ~3F FHE(712)Y AEHn A9F FHE(T44)S X~
A% FHEG1HY ZEEg. w700, AGE(700)= FAHL 23F FHYE(T44)S ~3F FHE
(712)3 RAE¥n 23%F FHE(742)S 235 FYE(714)3 AE9).

F7HR o2, wE(702)o A, HE(752)2 PCB(710)9 FHE(764)3 FHH i ®E(754)2 PCB(720)¢] FHE
(768)3 AHLTE,  w3F(704)l A, WME(752)S PCB(720) 9 ?‘ﬂ%(m@z} AE¥a BE(754)L PCB(710) 9
THE62)% AdErt. d A, "5 (752) ¥ HE(754)2 E(730)9] T4 dis] g Hgoz o] AH
o dijbA < FdoA, HES FACRRE o A"E & AN Hi AEHA] &S 5 Avk. wEbA, ®HE
(752)0] ~3F FHE(742)S T3l LAY A, HE(754)E 23F FHETM)E F3 sdg e o
ZAE Bleltk. PCBECIAY tlgdhs THEC] ¥ SZAEY I es 24E Fart IS Aol
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[0103]
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= 82 A WG WA Aol Ga) 07 HEEe] gold Aol AAH: Al UM AdE
of alolth, AYE(800)E AR, FUE L ZUEEYH dAH ook,

7B (800) = AYEE PBE wAA7E 23F5S T8k 23F THEGI0S EFqIT. S
Add PBs Fel =S HHEF AYE ®9 opl R AgHE HEE(8200S AT =
& E3 AYER00)9] AE 5HFES T EXES(830)E cAwt. ol5e ddE BESe 4d
TEE R AFEHRES AYE800)9] SHFEFH AdE.

AUES BE To] 7HE(800)9] (Fholoj1slo] wlakel ksl L) Aol

I
2 AYS JeEr] 98 gAE dAEe. AGE (8009 #E oxe Ew
(840)RHF A9E (800)Y] FAlel tial exzAl=E 4 gl #zE o},

¥al BE 27 Skl A4
HE E2EE(830)0] 23 A

A9E (600)9] 1 A9 SHEAA, E~EE(830)°] =E(820)°] dis] diAY 4+ Jd+8 & + Uk, 4
oA 7% nie} o], AWE(800)7) 180=RHE 3| A w ¥FAEE(830)0] YT LTS ZHe 3, ¥ AE

5(830) 0] F=Eo dis] vt=A] gidd 22+ Q).

AYE (80007 B4 kel eloln], §4, FEH, FEO B4 A7), AdE Folxe) f2o A5, L b
Aol go] hshrhs Aol oldd Aotk A, A% e dolx, Wedo W
A 5 AU B AME A5Ed d i o0E 9 5 ok webd, v EA

o)

3¢l o 5o] Q)

“ 1

A e, AGE(800)= 408 AYE L o= dAditt. XFELS, 304, 508 EE 60¥ AUEHEI T,

o o}
g2 ge g5 dis) vldste] We 4 Aok, A delA, x AT (dE 5, dol)E, 26.0 nmeF Zo], ui=k
25 WX 30 M 4= k. y XF(dE 9, F)e, 10.75 ek Zo], tigF 10 WA 12 m% 4 Atk z X
F(dE EY, Fo)v, 1.2 m EE 1.3 mek Zol, digf 1 WX 1.6 m¥d + 3 408 Ao A4S, AY
H(800)= dAE E= AHE Ateldl oi=f 0.4 m® IAE 7HE F QAo EE(820)4 AHE Abol
A=, 4.3 meF Zol, g 4 A 5 m¥ 4 Y. vy FS WE XA2EE(830) Alole] A 4=, 6.5 ek
of, ok 6 WA 7 mmd = 3l X F& wE XAEE(830) Alole] A4, 13 me 2o, digf 10 WA 15
md F Ak, vy F& wE 235 FEE Aol AFE, 5.0 met Zo], tiEF 4 WX 6 mY 5 UL, x F

S E 23F FYHE Aol XgE, 21.25 e 2o, thEF 20 WX 24 mE 5 T},

T 9% USM ﬂﬁhﬂoﬂ o AAH= BEE9 #ololo ooty the]oj 1 (900)2 UM AYDEHE A&t
Az t& A% =g #ololy 9o AYERZRE YrE T AFAEY eHHE Ry FAXoR
k= aﬂolo}"% AA Hlols, B AT FRlE T HA vlolEy 423 #glE & 5 F9ES W

o
A% 5 9E 39 FHES Ad

QAL AP, QY FASE wo @

o} 9] = Az Eotd Al
o te FEES no A4S 45 dES A 4 Ak AYHe ARA0 SHREe AF s 4
of #Agle] WA ek, AN, ofgfo] d= AT W Fo] AT ES 2t Alde] gk Hx A
o o2 Az

PCB(910)% A2 PCBEA] PCB(920)0 $12% % A1 PCBE Uehdith. PBE = % <l=(end-to-end) EE ol
A 5 oA (edge-to-edge) & AAHTE. PCB(910)&E, TX0, RXO, TXI, RX1, TX2 % RX2¢} #&, A5 #lEe]
AdHE H=ES vehie HE=E50012)8 E3eTh. PCB(920) 9] W&ate 4S8 BlES dAlEo] A %A
Tk, AEE] saat 55 vhelo] 1 (900) 2 2R -E olsiE Aeolth. PCB(920)= AYE (YAIHOR =
w4 gE)e] BEE(930) T3 A=E912)d ddHE =5(922)S £

PCB(910)%= PCB(910)9] A™ell digh A5 Q159 AdASS vehde HA(GND) HlobE(914)& E3Hgiet.

SASAl, PCB(920)%= PCB(920)9] A A wo] g A5 #holSo] AASS e E AX(GND) HoFS(924)S X
shalr}, Als 9 79 AR AT (complement)7F M E gfoloE EE AT FAES EI AEHE 25 A|ad
FoR As7t xHEE= 3lo] ofFd slojvh. Abs 2EE 1 23S AaEHAA s FAES NN F
oth.  zHzke] & & Atolol 2709 AA| AF ol AlgElE AL AE EAAS gL AHAAZ 4 ).
T1elgk glojobe FashA &

AA HloksS S A= A Qo= A ddA, B=5(930)e] HA AT fleES A S ‘1501] o

a}
sk X (GND) AR E(942)S dAlE= A (GND) vH(940)0 HXE 4= Ark. oA 7sH vio] W2H, 347
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[0109]
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[0112]
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[0114]

[0115]
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[0117]

[0118]
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uk(940) 5= AvElS] thFE AwA A ulel
o}

%= 10a ¥ = 10bE Al USM A9E S 5 vlEE UM AVEHEZ zte A|2E w34 HEQ dF o A3},
A

re

24 o, A=A AW= oo FF 2aFES F8 HAd

4>
)

HE(1010)= shvel X7F vhe ARt dds] ¥ 1 Tax} HE Al AlzE BHEZ yepdic. Axyd
E(1012)7F H=(1010)°] o3t A28l T 2AM EE S2AE I2AA SOCE yericta 7F4shd, 31=(1010)
o] 3] A F7E ZRAMA LY AFERT JYE] d iﬂ 91 HE(1010)9 o 57t 49 o Ave 3

of B2E 4 A,

T 10atT RE(1010) ¥ 2= Ao gy BEC JdEAE HIXWEES AAES] Tr(looz)é A, F
(1002)&= HE=(1010)9] Ao AFES YERdAT. HBE(1010)5 Al&=® Z2A4 o)) Axd A E
E(10140)S XF3h. HE(1010)9 54 FEE& fg A9 FANA doje 49 7£L 5] & F 3

r

o

oA, A|2ElS B E=(1040)2 BEE=(1010)0] A7 I AYEE JeEh = UNMi(1042) S
ke, BHE(1010)E o= Q1 RE=9] 7leAS AlFste s o] AXWE(1044)5 xEgsit. AJaE
(1002)l14, RE=(1040)= F2 XE 71248 RE(1010)9] % %—‘%011 AZAHC},

I Moo

A doA], AJ2ES BHE(1040)7F A= @R dhgEe] RE(1010)9] thE & o] BE=(1030)E A4
= dEel A 2 AYHE Yehde UMi(1032)E £33k, 2 =(1030)+ REE(1010)00 7154S Al
| 38l BE e e sk o) ite] AEXIE(1034)E

A oellA, Al=EL HE(102008 HE(1010)d dAAA7IE F FIRE A Z2d AVEHE JeEhie
USMt(1022) 8 E3Fshcl. U doA], H=(1020)F HE(1010) Aol Fol7 =(1010)9F HESTF. i
Q1 ool A, BE=(1020)%, 2719 SH Alold] B} & 4737 S ¥ AS 7zt WE](USMt) (1022) 2, K.=(103
0)9] AR Qo] A= = dul. HE(1020)E HE(1020) Aol AFHE sy oo HAXWE(1024)5 %3
stoh, ool A, BE(1020)%F USMt(1022) 2 2=35(1026)5 Fdl R=(1010)0] AT},

E

it
=
T

X

B
%= 10bE HE(1020) % HE=(1030)7F HE=(1010)0] AAZ2¥ AHejz H
Sl

=(1010)9] RS WoF=, F(100
2)¢] FWEl, F(1004)5 dAFTE. [ (1004)0l 4], USMt(1022)% 142 o H=(1020)7} H=(1010)9F Bt
A TR AL & ¢ vk BE(1020)7F BE(1010)9F BEAl Fole= A¥ dixAom, BE(1030)+=

USMi (1032) 2 4%+ HE(1010)9F defelo] ALY 5L Hwe| Att.

USMi(1032) W] o1& dele zhel AdEel di A4 Er =g et dEs W 21105002
A AR, ) AR, geel el Qi s olie] AHR o 30 AA R FHow AFHE 5
dAlEhes, BlEe] SUE Z2ds At

USME(1022) o] o1F-& 9L § rleE Adge did 44 Bt =g deit, =t exad W A
A070)02A AMEg. emgE W AHe AM W A4 fA48 59 Zeag e, s F oshds
e ol dal FAew eEAdT. gEe] £4 eEAL § neE AWE £4 oma, 9 Add 27)
o] BEo] FHE Alo]o] $27 AolE wigdd Aolth, QZAE W A (1070)& tigtH e, "M T4 A
ARERRE QFEE dols WEL HolF 5 AHshs, olF W Adolzty AFd & At

5 10c= ¢lghel USM Addele] tigt W A oojrt, W HA(1050)L H(1004) ZFE] 2] USMi(1032) e o]
T Oé@'}oﬂ w2 HHe nr} sk T2 99 Tl 279 AAFRE JpH= v
W, X 10coll A2l W A (1050)2 e o] k. gkl AdE] ik §
5] 2 3

,
A EE s e F4 AR

"l A (1050) AAel ZAlo] = A X F(1056), AAF-(1056) =5 4
s

=

Fs 72 4(1052), R AAF-(1056)2ZH-E Hojx|= v wWgdow AXHE ofx I Zb= 9 (1054) S
oAl gtth.  9H(1052)2 AZEE Al BEol ¥WH Ao d= o Y FHAHY FEQ FE(1062)E AEFSTh
H(1054)2 A4dE A2 BEo] W Ao H= Ao U HAHde FEQ FE(1064)E Xt Al HEeo}

A2 WEE grseln] o WA SEe] iz @ F ggel olsd ol

©F(1052) 2 9F(1054)2, AZF7], A AF-(1056)ZF-E FE(1062) 2 1]al A A|H-(1056) Z5F-E FE(1064) =
o] FES Zte, ofA FAAES Y. FES W HAH050)0] A T 4 Ak, FFE FE(1062)
2 FE06H) FHE AFste] FEES O AR AEER JFG AR fAGT. 2375 AJEHE
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B Eo A w 7} A= = (downward force)oll 28] =3ro] AAHAT.

T 10deE F "E UM AdE digk ¥ FHe deltk.  oZAE ® HH(1070)L H(1004) ZH-E 9
USMt(1022) 9] o5 o we Ao Wt} 77k Folth. = 10bollAe ofFE 492, = 10dolA 9
AA(1070) 7 vPR7IA 2, F3tel 2719] AAF-E = e E A

1 o i
el e oEAE W Hg EE dsE 9 4 AR 2t g 34 AARES 188 + 9.

exAE W HH(1070) HHE FAH Jd= AAF(1076)5 dAeH, ¢4 (1072)E ofx] A4S 7HAH #]A|
F(1076) ZH-E] HAXA dFAT. By B AAF(1076)= Bu & 57 IAZ 2zt el 4" o
(1072)°] AZ="., 2=ZA"E W JAH(1070) FHe S ' AAF-(1078) 5 A5, %(1074)% o}
FAs A AAF(1078) ZH-E Holx Al JdFH., R 71 AAF(1078)& Ru @2 74 A& Z2e
HE d4= h1074)0l AAdnt. A oolA, AAF(1078)= AAF-(1076) B}t F7-9-1, o= AA|F7}
AV RZEE 9] 3S F714Ql £4 A S we} olgf & 9H(1074)0] Bt & HEd 5 A & £ vt
H(1072)2 AA=E Al HES] HH Ao = Ao Y FHo FEd FE(1082)F ek, (1074
AZE A2 HEo] W g dl= o v HAEY FEQ FE(1084)E XS, "AL" HEe} "A2" BHE
£ AU Aeln o] WA Ee] WE & F 9dgo] olsE Aoltt.

oF(1072) 2 ¢ (1074)&, AZ7], AAF(1076) ZHE FE(1082) 2 @il A A F(1078) ZHE FE(1084)%
o] FES ZE, ofX FAES EFT. S5 =" W FH1070)0] 252 & JA s, Hrh 74
Hog, Z4zhe] ¢to] wad 4= A k. FIFS FE(1082) H FE(1084) 4HE AFdte] FEES 1
Zzpe] sy HES AR FAgT. 2355 AYHE HEEdd AAZ o 7heiAe sl o)

’9\(1080)" OE‘)H% Ll @X (1070); zb= AR 48 BE
F(1074)l HFF = l
1+

TE UM AMHE Zts of= Q1 BES dojrh, AJARI(1100)2 & "HeE A 223 AYER
= 2 = oofE Sl HEO dE oAt RE(1110)= o= 9l HE

HE(1110)= BE Aol F2ss shy o] e HEUE(1120
HEs AJ2E(1100) el f4E HE(1110) A FHE
(covering) S YEitt. A= = AWE Az 14 A
EAE AdEHE o= Q HER/ZRES & A1dPE 93 iOE% wand
Aeolxg 23 o Advk= FHollA 7lsd AdE Sl W v& 4

HE(1110)014 9] 23F F7(1112) A9E (1130)9] A3 4

|3l 7S YERdY. 23F FHE(1132)2 23FES 78357 ¢
ek, AdE] i3t 4H 2975, FAFoR I SHo|
2 % SHd de AVHE A2 BB A=, AYY L3R5
H(1100) el FAAoE AAFHo A FTF. 2AF(1140)+= AVYHE o= g7
AFE YEhdt. A28 HE | FA7] BE EE Ao HEe| gig ~2aRES g 2aF FHES AX
H1(1100) ¢l Z=A1E o] YA &Tt.

_._4\_/

l

o
=
o}
S

U ool A, AN (1130)9) SAFES, AES] 249 FW Abole] £4 Aol E b5 e SFES A
dabat, Wz deel nEsh $ASAY A FAT otk A delA, AUH1130)E FEABNS X
Fech. AGE (60005 BTl AN ATH A5E] dFL, 2 F AFE Adsas, A9 A0 o
@ A5Ee o AFT F AT, 2 F AFE, £ 12 WA % 189 dSolN A8 A3 Po], AM

(1309] el FAEA el Fold % ALk, ool AT, AEAEFS A5
02 TeA g Ae ohd,

BE e 949

A5 (1100)2 AE (1130) 9] o= <1 3 AYE (1130)9] F+417] BE= F Ate]o] @IS vehfs 2324
(1150)= ARbet. Al2=81(1100) 941 8] @2 AL wd] HE(1110)9] FAelth. thE F#A4SA, ezl
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Bu =& B,

= 11bE F v E USM AdEe] iz 19 oejtt. & 10de] LZAH ¥ HH(1070)S USMt A o <
E AFIo. H(1102)= UMt HH thebyel F3EE 2= A 2¥(1100)9] FE Add. F(1102)+ Al
B BT (1160) 9ol RE(1110)E oJA)gt. AWE(1130)E HE(1110)S A28 B E(1160)9 AR 7t

H(1102)E HE=(1110) A9 si=53} Alx2® BE=(1160) Ao =% Atold A7H HAE=S A= HA

(1170)& Zssth. A ooflA, HA(1170)> ANE(1130)2] FHeZRE HE(1110)9 IHE=E7HH4] =

dor AXEE H(1172)& stk A oddA, FA(1170)2 AYE(1130)9] T 2HEH A~ HE

(1160) 2] HE=E7HA] o} = = &(1174)& E&sch. A oA, AVE(1130)9] $3H 3kt

o]l AAR(1176)E EFratt}. AAREL HAH(1170)9) S AVE(1130)9] 7| A4 F2E(4E 59,
|

I oo

E 125 o= 9 BEZ AxY mEs A% guel g F wheE UM AUHE 2t As" 749 ol
AZBAANE § ALE ARG 2 A2Y AE o, A B2(R100E, 120 22, R
=

HE(1220)S BEE RHE A AFEEE s oo HEWE(1230)F ZeE o= 9 HEE UERAT
USMt (1240)& E&(1220)5 Mol BE=(1210)0] d4A 7|+ & "FE AYYHE vehdok. 235 (1252) &,
USMt (1240) ¢ Jﬂ]{ o] Qe RE(1220)9 ©EQl, EE(1220)9 "TH" GRe 9 A3FE Vel A3
F(1252)%, RE(1220)9] B=E Z3 Ago] B=(1210) W& AAEE S zh= | 28 (1220)9] PCBo

LFHE es ztet.

2FF(1254)E UMt (1240) 8 EE5(1220)°] AANZIE 2355 ey, 235(1256) USMt(1240)E 7
glo] RE(1210)0] A= 2355 YEhdg, A g, A3F(1254) 5 23F TPy ddd AdEo
o] gAlz= e Fole slEE Zerh. 23F(1264)F EE(1220) WEE AZHAT Azl RE=(1210) W
2E d249x ¥ A dof A, ~23F(1256)F ~3F FHI A" AGECA Y gAML el Fole §
=R A==

Fol(z AFEA AEE)E RE(1220)9 BRE9 FAC & F vk, dF 59,

& SR 5
mm PCBS] 7%, USMt(1240)i e 2.0 me] ¥ol(2)E 7HE 4 Jdu. 9E =AM, &
mm PCBS] 749, UMt (1240)+= WiEF 2.2 mme] 0] (2)E 714 4+ Ut

(1220) 1l
(1220) 1l

132 of= ]l HEeh AJAR) BE Apold] of= 9l HE o] I

SIAE VA= F vREE USH AVMEE Zhs Ala" A
= /‘1*%‘44 dl& ekt Alle] BE(1310), AAE BE, vlHRE Es Tﬂre °HC ]l E—Eg‘r ks
=9 BnEvE dd 5 e HEE YERY,

29,

N
I~

fo it BE K1
5

(<3
:l:‘4

E

FE(1320)8 USMt(1340)7}
Aol HEFE(1330)E 2t o= 9 B
A71E 5 vE AYHE YERdT. o

o
K
L
g
[}
w
=
S
w
g
L S
rlr
nqn
S
w
Do
8
ﬂl
X
ko
o 0°
o
I
:
w
—
2
2

RE(1320)9 ¥HS , g HaE
S(1370)& ¥gsi,

2238 (1352) %, USMt(1340)2] wijso] & BE(1320)9] w391, EE(1320)9 "ZH" tio)] 9= AAFE
UERAT,  23F(1352)v, EE(132009 HEE T3l Jlglel BE(1310) W2 d4%+= YARES 2te, B
(1320)¢] PCBel AHE Fo& zt=rh, U dolA, A2E(1300)S 2E(1320)9] =9 slg]e] H=(1310)
Abole]l 18 B AsE A olA HE AHMIEQ I (1360)2 EFITE. AMEOITE= AR P Bojws

T ATt

233 (1354)E UMt (1340) 8 RE(1320)°] nAANI|E 23FE vedith, 235 (1356)= USMt(1340) )
o] HE(1310)9] AAA7|= 23FE e, A doA], 23F(1354)= ~3F T3 Ay AdEd)
A9l @Az~ Yo mol= F=E zterh, 23 F(1354)E RE(1320) U2E AFFEXAY g2 & 2Hoz =
A=A ek, A dolA, AAF(1356)E 23F I Add A Al Yol Fole dJ=E

i
Zh=
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Q dol Ay, USMt(1340)%, tierz o= o] X(base) T AAF Tt AAE 4= Jd=, FH(1342)S 330},
FH(1342)2 EE(1320) Mo E‘z(1310)°ﬂ AAAZL W BE (1320)011 g Fx24 AAE AFsheE
USMt (1340) 9] x5S vepdt. E(1320)0] 32 T ~EI=9 ¥ (1360)2 E3) AMEle] BE=(1310)
of 1A 23F(1352)° ]3| 1 AEa g F oA USMt(1340)°ﬂ o3 A w, ~23F(1354)8
23 Bro] Add o] yteld 4 k. FH(1342)S USMt(1340) ¢} Qe H o] A&l 2E(1320)2] & &
o #] ozl & USMt(1340)& <AgA1Zth. FH (13

= 42)8 AHESFe], USME(1340)+= =SS Zhe RE(1320)9
WS B2 E 1dd HEY £ s A B2, 279 39U dAAE BE HEY X e HAET 5
ATt H(1342)2 RES A7} FolAY HET FAE JHsshA syl 8 RE(1320) olHE dgHE
E&5(1 edge) T dARE X8 ¢ glom, ol BE oXet AYE B4 HFd dS ALst= Aol
ol A3F(1354)0 2la] Bol 7lefiAe A FAAN

A ool A, USMt(1340)E EE(1320) Aol #H&EeE HEXHTE(1370)2 Aol HB=(1310) Alold] oo 7Y

1372 A7)0l FRE ol gtk o elolA, oo AL Wl ullel, Fxrel A7) A L A AE
e AFse An 448 5 Atk ool A(1372)e Axw opyE A Agta Aslel ol FHY F 9

o A oA, olo] 34(1372)2 tEF 0.3 mmo] T},

USMt (1340) 9] o](z XA A¥E)E 2E(1320)9 B=9 F7 2@ 25 ofgfo] dvpiFe] ¥7Hs A &
2o & F k. dE 5o, ZE(1320)] 3t 0.6 nm PCB] Z-¢-, USMt(1340)E theEF 1.0 mme) Fol=
ZHe ATAES gd o]AAYE & g 3.3 me] Eol(»)E 7M. 4 vk, v d=2A, ZE(1320)9)
gk 0.8 mm PCBL] Z%-, USMt(1340)& tlEF 1.0 mme] EolE ZE AXYESC dig o|dAE 4¢3 ul=f

=]

3.5 mel Eol(2)E 7H § Aok, U2 d2ZA, EE(1320)°] g 0.6 nm PCB] -, USMt(1340)= 2k
1.5 mme] Fol& FTUES gt o]AAEZ &) e 3.8 me Eol(2)E 712 F k. gE 9%
A, 2E(1320)0] gk 0.8 mm PCBS] 73$-, USMt(1340)= theF 1.5 mme] ol Ze AXUEES il o7
ALE Yl HEFF 4.0 mme] Eol(2)E 7HE F AT},

g 7
2 7
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 Mat ol Q) mesh a9 wE Aeld A2y Rl gol YEAESE AT AANE o83 A3
o] XA AL F vhEE UM AYEEF 2 A28 14 ooltt. AAw(1400)E F uREE A
=2 72} x| ~

1o] oS deEpdtt. Aie ol 15(1410)%, Alz=® HE | mlHRE EE O of= ¢l REe 3
=7 949 F s HES dekith

AHEE Eobehe w9 4] g 2E o FHHE st o
e E.iHE(MSO)E 7= OHC 4 EE—§ UeRdTE USHE(1440) BB (142008 AAE]o) BE(1410)9] A2

e B weE AYEES JeEt, A oA, slEle] RE(1410)E RE(1420) ofgje] slele] R Ak
dabe] sl o]ake] AXWE(1480)8 23t

td
i
C
~
[N~}
8
0
—
w
=
=
i~
i~
e
N
=
re
iih)
it
é
1r\
ﬂl
r\r

T

25 (1452)F, USMt(1440) 9] wkdjHel e BE(1420)9] whiQl, EE(1420)9] "FH" whilo)] Qe AaFS
bt A35(1452)F, EE(1420)9 HEE &8 g RE(1410) YR AF s WWbe 2ie, &
(1420) ] PCBell A ¥ = =g zherh. 9 oolA, A2E(1400)2 RE(1420)9 B=9F lE]o] B =(1410)
Apele] & BElAEs AvolA Hi AWMEQ ¥ (1460)5 I

A F(1454)F USME(1440) 8 RE(1420)0] TAA7IE A23FE vepdtl.  A3F(1456)F USMt (1440) S 7Y
glo] HE(1410)9] AN 7= 23FE2 Yehig, A doN, 237 (1454)= 23F 743 dad AGEd

e

Aol FAA Yo Eole FEE zHerl, ATF(1454)E EE(1420) Y2E JAFZHAT e & 2Hog:=
A=A ke A Ao, 23F(1456) = 23F TPy ARd A A Yo Fole =2
zh=

A ool A, USMt(1440)%=, dighq o= ol T x| Reta A D = s, FH(1442)8 e}, ¥
(1442)& RE(1420)S Mo EC(MIO)Oﬂ AAAZL W EE(142009] dig FxH AXE AFTsE
USMt(1340)9] FZ&& JERAT]. E(1420)0] 3HZ GRoAE 2B ¥ (1460) S E3] FlElo] HE(1410)
of mAYE ~3F(1452)0] <3} 1 AF 3 e 2 dR A USMt(1440) ] o8] XX =E W, ~3F(1454)E
T3 o et SHo] stelE 4 k. FH(1442)2 USMt(1440) 9} Qe H| o) 8l 2E(1420)9] & =
= 9 o}aﬁ USMt (1440) & AFAIZITE,  F9(1442)S ARS8, USME(1440) & HHEES 2Ee RE(1420)9
Llasibs s ﬂ—:ﬂ% F e AL B2, 29 3US dANYIE BE BEY X9 HET &

7} FolAY HETL FAE bt s 9 EE(1420) olgE AFEHE
domn, o BE o9 AdE] Egd HIEd P& dDsts el o)

f
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o
A E
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oM @AHeR AFHETE.  FE(1442)2> A|2E(1300)2] ¥ (1342)
= DE HEZNEH AAY HES I dolAE XKow
L D?"l }—% O]—EH.OJ S Zer. FH(18342)2 BEE RE oA AlxE BEE gS
o] AAA A= z= Ao oA Ho]
Aol WA, o= shte] FES AAA 4

o
=
T,
i
N
e
}4
30,
e
=
o,
-
o
N
»
rlo

ofl, o
K 01

o
A
o
A

Rl

2 4 re 2 £ e

{
|

= gjlell, F37ke] 7] dd 4
A" 5 Ark. ool 7(1482)& A|=El o}y

74(1482)2 tieF 0.3 mmo| ).

USM (1440) €] 350] (z X RRA APHE)E RE(1420)9) RES] F7] 2 BE ofefjo] Avlurze] 3742 WA =
Aol ©)Fs = k. dB Sol, RE(1420)¢] tE 0.6 mm PCBS] A$, USMt(1440)%= ok 4.4 mme] ol
()& 7F2 = o], d=F 2.1 mo] Fol& Zte AXUES dig o AAYE AT + Uk, TE d=2A,
WE(1420)°] g 0.8 mm PCBS] A9~ USMt(1440)= dieF 1.9 mmo] Ho]E Zh= ZéEhE—%OH ek ol AA= S
S gk 4.4 el Fol(2)E 714 4 U,

l4be= AGY FEHS 2= F vlSE AYH X 3ol F(1402)+= USMt (1440)9F A2 E EE(1420)E <
/\h‘aE}. *ﬂf(1454)% T (1420)S USMt (1440) el z?éA] tk. 233 (1456)+= USMt(1440) 8 A]2E] H=
of IAHAZIT, H(1442)2 X5(1420)°0 gk F714Q1 724 AAE AFstr] sl EE(1420) ofg= <A

o

El% Mt(1440)4 TFE=S e

ldcE T 14b9] & nl$E AYE Y Al Tolth,  H(1404)E USMt(1440)9] NH 845 Ao A A=
(1420)& oAk}, F-(1404) o3l USMt(1440)9] <JF Aol AAH S Jvk. T (1474)2 HE(1420)
Al

ki

S USMt(1440) 0 LGN = 23 F(1454) 8 &3t +HS vepdch. H(1404) = &_ﬂf(1456)§ of| A] ghT},
B(1404)E EE(1420) oldi2 AFAHE FH(1442)S oAgth,  H(1404)E w3 FE (1442)0) th3k x| =]

A
(1472)é o%lA]?ﬂE} A dolA, FE(1442) BEE(1420)ZHF-E HolX Al UMt (1440) o= AxdE. <o 4
= A|2E RERHE BE(1420)9] oX] EE G o2 7kA e EEF FxES Awst
1 HoH thol AGES £33,

= 15 e PREE USH AYER A2 Beeh A4 giee bE of = ¢l BHE gd o= 9l HEg
sb7] 913 5 PREE USH AYES zhs AlsE g9 dojth. AJ2EI(1500) & & PHEE AYEE 2t

el oS dErdth. A2R BE(1510), FOAISR BE Ee viuRse) e of= 9l BEvh dFd
A BHEE YERAT A2EN(1500)8 A2 BE(1510)0] AAEE 279 o= 9 HEE vEbdT,

EE(1520) BEE HE A AREHE sy o HAEUE(1522)F ZHE Al o= ¢l HEE et
USMt(1540)+= RE(1520) A= BE=(1510)d AAA7I= & AdHE veERdtt.  ~3F(1562)

USMt (1540) 9] wrojse] Qs RE(1520)9 el RE(1520)9] "FH" white] gl A3F2 yedt, ii
F(1562)E, RE(1520)9] HEE 23] Al2¥ HE(1510) W& A3EHE JARES 2he ) 25 (1520)9] PCBY

”‘7245]L‘ oﬂ % ;<'C:

2FF(1564) = USMt(1540) 2 5 (1520)9 A 7= 23FE2 Yehit, 233 (1566)+= USMt(1540) 2 A
28 RE(1510)0] LAAZE 2355 debdek, A oA, 23F(1564)F 235 73 ddd A9E
A Al e Eole J=E ZEr., AIF(1564)E RE(1520) WREE dZ9Aw A28 BE=(1510) W
25 AFHA etk d ddA, AAF(1566)E 24T FHY Aud A A gala g Eole 3§
& ztet,

USMt (1540) 2] Fol(z1 A=A A¥EHE)= ZE(152009] BE9 FA o&dd 4 Ju. o9& 59, ZF
(1520)¢] td 0.6 mm PCBS] 79, USMt(1540)E theF 2.0 mme] o]l (z1DE 714 4= Qr}t. ©E d=2A], 2%
(1520) ] W3+ 0.8 mm PCB] 7%, USMt(1540)= theF 2.2 mme] =o|(z1)E 7F4 & gt}.

FE(1530)2 USMt(1550)7F 4= =t T HAPES E38ts W Ao 25 BE Ao ZAHE d) o
el AEXEE(1532)E 2te A2 o= ¢ BEE uehdty, EE(1530)2 RE(1520)9] A 9o gardr).
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USMt(1550) = BEE(1530)S EE(1520) 99 A28 RE(1510)e] AZ4A7&= & vE AYHE Yepdc).,

235(1572) %, USMt(1550)94 B el QlE RE(1530)9] w-Ql, RE(1530)9] " @l Qe &
UERd. 235 (1572)=, EE(1530)9] HEE Fdl AlAE BE(1510) W2 AdEs WAk 2, BE
0E1
=

>4
LU
ft
1

(1530)9] PCBol| A== 01]5% ZASS= dlof A, Al2=E(1500)2 B E(1530)9] =9} Al2E B =(1510)
Abelel Qg BYAsHE 2ulolA EE AUSeX(1512)F T,

2~AF(1574) = UME(1550) 8 RE(1530)0] AAA 7= ~23FE vedth.  23F(1576)+ UMt (1550) S A
28 BT (1510)0] LA F|= A3AFE vehdth. A oA, 23 F(1574)E A3 F I dag AdEd

A FHA Yo EolE =B Zterh., A3 F(1574)E REE(1530) W2E AR o2 &2 2hHoas
ARE A = A oA, 2FF(1576)E =3F T AFH AdEd Ao Al Yol Eole =E
ZH=1}

A el A, USMt(1550)+=, tiQbH o= wo]x M= A ietal A"  9le, FP(1552)& XFett. ¥
(1552)2 REE(1530)S A48 HE(1510)e] dZ24AZ2 = EE(1530)° dig x4 AAE AIste
USMt (1550) 9] x5S veEdct. 2E(1530)0] 3% gRas ~HE9 I(1512)8 E3) A]i%] HE(1510)
of AAHE £AF(1572)°] o AAHI e & dFol A= USME(1550)e] o A A= o, =3 F(1574)&
S8 R Age $Eo] seld 4 vk, FH(1552)2 USMt(1550) 9k QlE]#o] A &= E%Er(l 0)e] o5 =
o A o} = USMt(1550) & AGAIZTh. F9(1552)5 AR&3ste], USMt(1550)E HEES 2t EE(1530)9
E2 | 3 HAE5E 4 e 2 BE, 279 S dAAYE BE REY X9 HET #
2
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=5 Zten

USMt (1640) 9] =ol(z1 A=A 2AEHHE)E= EE(1620)2] B=9o FA &8 4 )
(1620)° it 0.6 mm PCBS] 4%, USMt(1640)+&= theF 2.0 mme] Eol(zDE 7Fd 4= Ul o & o 24,
(1620) ] s 0.8 mm PCB] ZA$-, USMt(1640)= EF 2.2 mme] =o](z1)& 714 &

TE(1630)2 USMt(1650)7F 149 = T AHES Xosts 34U Ao BE HE Ao ZF&EE st o
Aol AEAE1632)F 2 A2 o= 9 RES YEhith. RE(1630)S RE(1620)9 4R Sl g€t

USMt(1650) = BEE(1630)S EE(1620) 99 A28 RE(1610)e] AZ4A7& F vE AYHE Yebdr).,
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23F(1672)%, USMt(1650)2] Rbidol Q& EE(1630)9] @391, ZE(1630)2] "FW" dio Q= AAFE
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23F(1674)= USMt(1650)2 ®=E(1630)0 2AA 7= 23FE Yehit., 233 (1676)= USMt(1650)2 A
28 BE(1610)0] AN E A23FE dehdg, A oo, A7 (1674) = 235 7Y ddd A
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= oA olgl= USMt(1650) 5 AT, FY(1652)S A&, USMt(1650)& M=ES z2h= 2E(1630) 9
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A, A|Z2EN(1700)2, o)A AeolddE REryE thE BE BHE 'ol'd A==, dlo]x AQl Jd= Ayzd &
ATt

23R (1762)%, USMt(1740)9] diddAe 9= RE(1720)9] ©@y-el, BE(1720)9] "Zu" tile = 2352
YERdTE, 23 5(1762)E, EE(1720)09] HE=E Fd Aol HEQd RE(1730) WE dFEE AR
Zbe= RE(1720)¢] PCBY A HE e zte=

23F(1764) 5 USMt(1740)E EE(1720)°] 2AAIE ~3AFE Yepdch, 23 F(1766) & USMt(1740) & &
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AEE Zrerk, AAI(1890)+= Al=EI(1800)9] AFH FEXUEEC] A|xBHoBA FaE = A|2H Aol FE
ANE e},

2T 5(1864)F USMi(1840)E EE(1820)°] IAAYE ~3AFE YepALh. A3 F(1866)% USMi(1840)E Al
28 BE(1810)0] RAAYE 2355 vebdh, A oolA, 23 F(1864)= =A% I AvE AdE ol

Aol Al Yo Folx =g zter. AFR(1864)E RE(1820) WEE dAFEAw e & SHon:
AFE A = A dellA, 23F(1866)%= AT T A¥E AYEA Y glAla el Fol dEE
Zh=t}, Z:i—r(1866)—t— Al2E HE(1810) WEE AFEAN e & SHoas AXEA et
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A doA, s 2 HEUE(1832)E 2+ HE(1830)9 o]l EE9 Al AL yste], USMt(1850)+
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2AEE HmE gt

235(1964)F USNMt(1940)E EE(1920)°] 2AAIE A23FE Yepdch. 235 (1966) % USHE(1940)E A
28 HE(1910)0] nAA7E 2355 Uik, A oA, 237(1964)E 235 7EI Ak AYE
A GAMlZ= e Fole FAEE Zeth. 233 (1964)F EE(1920) W2 A=A A28 HE=(1910) W]

2E AgEA gtk 2 delA, 23F(1960)% 225 P Ak AdEAA] DAz v ol
=g 2

USMt (1940) 2] ol(z1 A2A A¥EHE)= ZE(192009] BE=9 FA &g &= Ju. 98 59, ZF
(1920)°] W3+ 0.6 mm PCBS] 7%, USMt(1940)& tizF 2.0 mme] Fo|(z1)E 72 <= vt v dz24q, 25
(1920) ¢l W& 0.8 mm PCBS] 7%, USMt(1940)= thek 2.2 mme] =o|(z1)E 7Fd &+ g},

TE(1930)2 USM AYdEEe] 49 =g e AHES ¥+ 39 4o BE BE Ao FaEs s
°ge] ZéiﬂE(l%z)ﬁ Ze A2 = ¢ BES YEY. RE(1930)& ZE(1920)9] A 9l g

USMt (1950)& RE(1920)9] &% oz Hy RE(1920) 99 A28 B=(1910)d EE(1930)S dAA7=
5 "E 7%%‘151% LrERATE. USMt(1970)+ USMt(1950)7F AZAAI7]& EE(1920)9] Wi SHo2RE BE
(1920) $19] Alz=®l HE=(1910)0] EE(1930)S JZA 7= & PIE AVEHE vedc.  2E(19200
USMt (1950) 2 USMt(1970) & EFE Y3 d=ES xghsit).

23F(1954) = USMt(1950)2 =& ( 1930)ell ZAHAI7IE ~3FE YERdAT. A23F(1956)= USMt(1950)& Al
2" B (1910)9] ZAAZ|= 23FE yeidith, A oo, 23F(1954)E 23F 3 dad AdEd
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N .
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N
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2" HIE(1910)9] ZAA7|= 23FE yeidith, A oA, 23F(1974) = 23F I dad AdEd

A FAA Yo EolE FHEE Zterh. A3 F(1974)F= EE(1930) Y2E AAZHAN o2 & 2hHoas
AR A eF= d doA, AAF(1976)E 23F I Add A Al Yol Fole =S
Zr=

L

o oo A, USMt(1950)%=, tierd o2 Hlojx~ Hi AR Hex (D 4 Q=, FE(1952)S s, Fy

(1952)& RE(1930)S Al=H EC(IQIO)Oﬂ AAANZ w ®E(1930)d] W TRH AXE AT}
USMt (1950) 9] FZx&< ERTE. B (1952)-& USMt(1950) 2} S1EH o] A8l KE(1930)9] ©H- L& oA o}
A2 USMt(1950) 8 A7gA1ZIT), To(1952)% AREsEe], USME(1950) = H=ES Z2HE BRE(1930)9] W &
2 R 2y (5T ¢ e A2 EE, 279 ZUE dAANE BEE HEY dqX¢ HEFEY ¢ Q.
FE(1952)& HEO] A7} FolA @ﬂL Fag 7hestAl skl -?4611 TE(1930) old® AFAHE EEY
e ARETE 23 F don, o B oA AVHY E83 HF IS ddees Aol o =aF
(1974) el &3 HEol 7tejA= & FHaAXT.
A el A, USMt(1970) , WokH o ® o] He AXFI AFE 5 =, FHA972)S AT, FH
1 1 xﬂ%ﬂ%

(1972)&  RE(1930) /\]i% HE(1910)0] AZAAZ  w  RE(1930)0]
USMt(1970)4 TZES VERTE. FE(1972)L USME(1970) 9} 1E]H o] A 5l=
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ULTRA SLIM MODULE FORM FACTOR AND CONNECTOR ARCHITECTURE
FORTOP MOUNT CONNECTION

FIELD
[0001] Descriptions are generally related to interconnects, and more particular descriptions

are related to architectures for an ultra slim board to board connector.

BACKGROUND

[0002] Consumer demand is increasing for smartphone, tablet, and very slim computing
devices. The demand is even driving traditional laptop design to adopt sleeker profiles. Such
devices have been designed with a motherboard or primary system printed circuit board (PCB)
that includes the host processor and system memory, and add-in boards to provide certain
peripherals. The use of add-in boards allows a more modular design to use different
components for different models of devices (e.g., the amount of storage or the type of wireless
connectivity).

[0003] Connecting the add-in boards to the motherboard has traditionally led to unwanted
system EMF (electromagnetic frequency) discharge, which complicates system compliance.
Traditional solutions for connecting the add-in boards limits the z-dimension or height (e.g.,
thickness) of the computing device. To the extent such solutions exist, they tend to be custom

and costly to manufacture, which is in tension with the desires of high volume manufacturing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The following description includes discussion of figures having illustrations given by
way of example of an implementation. The drawings should be understood by way of example,
and not by way of limitation. As used herein, references to one or more examples are to be
understood as describing a particular feature, structure, or characteristic included in at least
one implementation of the invention. Phrases such as "in one example" or "in an alternative
example" appearing herein provide examples of implementations of the invention, and do not
necessarily all refer to the same implementation. However, they are also not necessarily

mutually exclusive.
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[0005] Figure 1A is a block diagram of an example of a computer system with ultra slim
module (USM) add-in connectors mounted to a planar system board.

[0006] Figure 1B is a block diagram of an example of a computer system with ultra slim
module (USM) add-in connectors mounted to a ruler board.

[0007] Figures 2A-2C are block diagrams of an example of connecting an add-in to a
motherboard with a USM connector.

[0008] Figures 3A-3D are block diagrams of an example of an inline USM connector.
[0009] Figures 4A-4C are block diagrams of an example of securing an add-in board to a
motherboard with an inline USM connector.

[0010] Figure 5A is a cutaway diagram of an example of an inline USM connector.

[0011] Figure 5B is a diagram of an example of an inline USM connector connecting to a
system chassis.

[0012] Figure 6 is an example of a representation of an inline USM connector with offset
keying features.

[0013] Figures 7A-7B are diagrams of an example of an inline USM connector that connects
to different electrical pads by reversing the USM connector.

[0014] Figure 8 is an example of a representation of an inline USM connector that connects
to different rows of electrical pads by reversing the connector orientation.

[0015] Figure 9 is an example of a layout of boards to be connected by a USM connector.
[0016] Figure 10A-10B illustrate an example of a system ruler board with an inline USM
connector and a top-mount USM connector.

[0017] Figure 10C is an example of a beam contact for an inline USM connector.

[0018] Figure 10D is an example of a beam contact for a top mount USM connector.
[0019] Figure 11A is an example of an add-in board with a top mount USM connector.
[0020] Figure 11B is an example of a contact for a top mount USM connector.

[0021] Figure 12 is an example of a system configuration with a top mount USM connector

with an add-in board directly against a system board.
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[0022] Figure 13 is an example of a system configuration with a top mount USM connector
having a height offset to allow clearance for components on the add-in board between the add-
in board and the system board.

[0023] Figure 14A is an example of a system configuration with a top mount USM
connector having a height offset to allow clearance for components on the system board
between the add-in board and the system board.

[0024] Figure 14B is a representation of a top mount connector with a stepped footing.
[0025] Figure 14C is a perspective view of the top mount connector of Figure 14B.

[0026] Figure 15 is an example of a system configuration with a top mount USM connector
to mount an add-in board above another add-in board directly against a system board with
another top mount USM connector.

[0027] Figure 16 is an example of a system configuration with a top mount USM connector
to mount an add-in board above another add-in board directly against a system board with
another top mount USM connector, where both add-in board are secured with a common
mounting screw.

[0028] Figure 17 is an example of a system configuration with an add-in board mounted to
another add-in board with a top mount USM connector, which in turn connects to the system
board with a top mount USM connector.

[0029] Figure 18 is an example of a system configuration with a top mount USM connector
to mount an add-in board above another add-in board connected to the system board with an
inline USM connector.

[0030] Figures 19A-19B illustrate an example of a system configuration with two top mount
USM connector to mount an add-in board above another add-in board.

[0031] Figure 20 illustrates an example of a system configuration with four top mount USM
connector to mount an add-in board above another add-in board.

[0032] Figure 21 illustrates an example of a system configuration with inline, chained USM
connectors to connect an add-in board to a system board with wider 1/0.

[0033] Figure 22A is an example of a representation of an inline, chained USM connector

with one side having shared screw holes.
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[0034] Figure 22B is an example of a representation of an inline, chained USM connector
with both sides having shared screw holes.

[0035] Figure 23 illustrates an example of a system configuration with inline, chained USM
connectors to connect boards together.

[0036] Figure 24 is a block diagram of an example of board layouts for use with a USM
connector.

[0037] Figure 25 is a block diagram of an example of board layouts for use with a USM
connector that has two groups of connectors.

[0038] Figure 26 is a block diagram of an example of board layouts for daisy-chaining add-in
boards with USM connectors.

[0039] Figure 27 is a block diagram of an example of board layouts for daisy-chaining add-in
boards with USM connectors of different sizes.

[0040] Figure 28 is a block diagram of an example of board layouts for use with a reversible
USM connector.

[0041] Figure 29 is a block diagram of an example of a computing system in which an add-in
board connected with a USM connector can be implemented.

[0042] Figure 30 is a block diagram of an example of a mobile device in which an add-in
board connected with a USM connector can be implemented.

[0043] Descriptions of certain details and implementations follow, including non-limiting
descriptions of the figures, which may depict some or all examples, and well as other potential

implementations.

DETAILED DESCRIPTION

[0044] As described herein, in one example, a board-to-board connector is an inline ultra
slim module connector (USMi) that has a very low profile to interconnect add-in boards in a
computing device. The connector includes electrical leads to bridge from one board to another
board, to interconnect pads on one surface of the boards. In one example, the interconnect
pads are only on one side of the boards. The boards can interconnect with the inline USM

connector while aligned in substantially the same plane.
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[0045] As described herein, in one example, a board-to-board connector is a top mount
ultra slim module connector (USMt) that has a very low profile to interconnect add-in boards in
a computing device. The connector includes electrical leads to bridge from one board to
another board, to interconnect pads on one surface of the boards. In one example, the
interconnect pads are only on one side of the boards. The boards can interconnect when one
board is not co-planar with the other board, but has one surface offset from the surface of the
board to connect to. The offset can be a thickness of the board or a thickness of the board plus
additional space for air gaps or components.

[0046] Both the inline USM connector and the top mount USM connector include a lead
frame including the electrical leads and an alignment frame to hold the lead frame. Both
connectors include a conductive case to secure over the alignment frame. The connectors
include screw holes to allow screws to secure the connector in place against the boards and
ensure electrical connection between the pads on the two boards through the electrical leads
of the connector. The alignment frame includes posts to mate with alighment holes in the
boards to key the connectors to the boards and ensure proper alignment of the connector leads
with the pads on the boards.

[0047] Figure 1A is a block diagram of an example of a computer system with ultra slim
module (USM) add-in connectors. System 102 represents a computing system or a computing
device. For example, system 102 can be a laptop computer, a tablet computer, or a two-in-one
device. The display for the device is not explicitly shown in system 102, but can be a screen that
covers device, or can be a display that connects via hinge, built on top of the chassis of system
102, or connect with some other connector.

[0048] In one example, system 102 has a clamshell design, where the processing elements
and keyboard are fixed to the display element. In one example, system 102 is a detachable
computer, where the processor and display are part of a common unit has a detachable
keyboard.

[0049] System 102 includes system board 110, which represents a primary printed circuit
board (PCB) to control the operation in system 102. System board 110 can be referred to as a

motherboard in certain computer configurations. System board 110 represents a rectangular
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system board, which is a traditional system board configuration, with a length and a width (x
and y axis, not specifically labeled for orientation in system 102) that are both at least twice a
width or length dimension of the primary processor or host processor.

[0050] System board 110 includes processor 112, which represents a host processor or
main processing unit for system 102. Processor 112 can be a central processing unit (CPU) or
system on a chip (SOC) that includes a CPU or other processor. In one example, processor 112
can include a graphics processing unit (GPU), which can be the same as the primary processor,
or separate from the primary processor.

[0051] System board 110 includes memory 114, which represents operational memory for
the computing device. The operational memory can be referred to as system memory. The
operational memory generally is, or includes, volatile memory, which has indeterminate state if
power is interrupted to the memory. Processor 112 utilizes memory 114 to control operation of
system 102. System 102 includes battery 122 to power the system.

[0052] System 102 includes one or more add-in cards connected to system board 110.
Reference to an add-in board or add-in card refers to a card or board that connects to the
primary board that includes the system processor and provides functionality to the system
processor through the card. The card could alternatively be referred to as an add-on card or
add-on board, an extension module, or some other term.

[0053] System 102 illustrates four add-in boards, add-in 132, add-in 136, add-in 142, and
add-in 152. System 102 may include a single add-in board or can include multiple add-in boards.
The add-in boards specifically illustrated show different types of add-in connection to system
board 110. Other types of connections are possible as described in more detail below. In one
example, system 102 includes add-in boards that are stacked over other add-in boards, or
stacked on other add-in boards, neither of which is not explicitly illustrated in system 102.
[0054] The add-in boards can be included in system 102 to provide functionality that is user
selectable for different system configurations. For example, computer systems commonly offer
different amounts of nonvolatile storage or hard drive size. Nonvolatile storage refers to
memory that maintains determinate state even when power is interrupted to the memory.

Nonvolatile memory can be offered as a solid state drive (SSD) of different sizes, depending on
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user-selected system configuration. In one example, one or more of the add-in boards
represents an SSD.

[0055] The add-in boards can be included in system 102 to provide functionality that is
controlled for electromagnetic frequency (EMF) radiation or noise. In one example, one or
more of the add-in boards represents a wireless communication card. Wireless communication
cards have compliance requirements, and so are typically implemented as standalone modules
to prevent having to separately test every device design. For example, the add-in board can
implement wireless communication, such as WiFi, Bluetooth (BT), WWAN (wireless wide area
network) such as cellular, or other wireless communication.

[0056] In one example, add-in 132 is connected to system board 110 with connector
(CONN) 134. Connector 134 represents an inline USM connector that can provide a wide
bandwidth connection to add-in 132. In one example, add-in 136 connects indirectly to system
board 110 through add-in 132. More specifically, add-in 136 connects to add-in 132 through
connector (CONN) 138, which represents a USM connector (and could be either an inline or top
mount USM connector). In one example, connector 138 has a narrower bandwidth than
connector 134. Connector 134 can provide a passthrough connection to add-in 136 through
connector 138. The connection of add-in 136 through add-in 132 to system board 110 can be
referred to as a daisy-chained connection. In one example, add-in 132 can connect through a
top mount USM connector 134. Thus, boards can be daisy-chained or extended through inline
or top mount low profile connectors.

[0057] Add-in 152 connects to system board 110 through connector (CONN) 154, which
represents a top mount USM connector. Add-in 152 illustrates that system 102 can include one
or more add-in cards mounted on or over system board 110 with top mount connectors. The
top mount connect includes some vertical offset relative to the inline board connections, which
can still be lower than traditional connectors in addition to providing improved signaling and
heat transfer to enable higher speed connections.

[0058] Add-in 142 connects to system board 110 through connector (CONN) 144, as well as
through cable 148 and connector 146. Connector 146 is a connector directly on system board

110, which could be a USM connector, but which is not necessarily a USM connector. In one
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example, connector 146 is not a USM connector. Connector 146 can be a different low profile
connector, such as a ribbon connector for an implementation where cable 148 is a ribbon cable.
Cable 148 can be a wire cable with a corresponding connector 146. There can be any number of
possible connection configurations for cable 148 and add-in 142. For example, on the end of
cable 148 that faces add-in card 142, the cable includes a hardware interface to interface with
connector 144, which is a USM connector. In another example, system 102 could include a
small PCB with a connector similar to connector 146 mounted to the PCB, with signal lines to a
USM connector, whether inline or top mount, to connect to connector 144. which represents a
top mount USM connector. Add-in 142 illustrates that system 102 can include one or more add-
in cards mounted to system board 110 with cables in addition to USM connector.

[0059] System 102 includes connectors 162, which represent I/0O (input/output) connectors
to devices external to system 102. For example, connectors 162 can be or include USB
(universal serial bus) connectors. System 102 can also include a display device. System 102 can
include a network interface coupled to processor 112.

[0060] Figure 1B is a block diagram of an example of a computer system with ultra slim
module (USM) add-in connectors mounted to a ruler board. System 104 represents a
computing system or a computing device. For example, system 104 can be a laptop computer, a
tablet computer, or a two-in-one device. The display for the device is not explicitly shown in
system 104, but can be a screen that covers device, or can be a display that connects via hinge,
built on top of the chassis of system 104, or connect with some other connector.

[0061] In one example, system 104 has a clamshell design, where the processing elements
and keyboard are fixed to the display element. In one example, system 104 is a detachable
computer, where the processor and display are part of a common unit has a detachable
keyboard. System 104 can be an alternate example to system 102 of Figure 1A, with similar
internal components but with a different system board design.

[0062] System 104 includes system board 170, which represents a primary printed circuit
board (PCB) to control the operation in system 104. System board 170 can be referred to as a
motherboard in certain computer configurations. System board 170 represents a ruler board,

with a length substantially longer than its width (or a width substantially longer than its length,
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depending on how the x axis and y axis are oriented in system 104). Typically, a ruler board will
have a first dimension that is less than double a width or length dimension of the primary
processor or host processor, and a second dimension that is at least many multiples (e.g., at
least 3 or 4) of the first dimension.

[0063] System board 170 includes processor 172, which represents a host processor or
main processing unit for system 104. Processor 172 can be a central processing unit (CPU) or
system on a chip (SOC) that includes a CPU or other processor. In one example, processor 172
can include a graphics processing unit (GPU), which can be the same as the primary processor,
or separate from the primary processor. System board 170 includes memory 174, which
represents operational memory for the computing device. Processor 172 utilizes memory 174
to control operation of system 104.

[0064] System 104 includes a battery to power the system. System 104 is illustrated with
multiple separate battery components that straddle system board 170. Battery 124 can
represent one portion or segment of the battery and battery 126 can represent another portion
or segment of the battery. While illustrated as substantially the same shape and size, there is
no requirement for the different battery segments to be symmetrical or symmetrically
configured within the chassis of system 104. In one example, system 104 can have more than
two battery segments.

[0065] System 104 includes one or more add-in cards connected to system board 170.
System 104 illustrates four add-in boards: add-in 182, add-in 186, add-in 192, and add-in 196.
System 104 may include a single add-in board or can include multiple add-in boards. The add-in
boards specifically illustrated show different types of add-in connection to system board 170.
Other types of connections are possible as described throughout. System 104 does not
illustrate a cable connection to an add-in board, but can include a similar connection to that
shown in system 102. System 104 also does not illustrate daisy-chained add-in board, which can
be implemented in system 104 in various implementations. In one example, system 104
includes add-in boards that are stacked over other add-in boards, or stacked on other add-in

boards, neither of which is not explicitly illustrated in system 104.
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[0066] The add-in boards can be included in system 104 to provide functionality that is user
selectable for different system configurations. For example, computer systems commonly offer
different amounts of nonvolatile storage or hard drive size. Nonvolatile storage refers to
memory that maintains determinate state even when power is interrupted to the memory.
Nonvolatile memory can be offered as a solid state drive (SSD) of different sizes, depending on
user-selected system configuration. In one example, one or more of the add-in boards
represents an SSD.

[0067] The add-in boards can be included in system 104 to provide functionality that is
controlled for electromagnetic frequency (EMF) radiation or noise. In one example, one or
more of the add-in boards represents a wireless communication card. Wireless communication
cards have compliance requirements, and so are typically implemented as standalone modules
to prevent having to separately test every device design. For example, the add-in board can
implement wireless communication, such as WiFi, Bluetooth (BT), WWAN (wireless wide area
network) such as cellular, or other wireless communication.

[0068] In one example, add-in 182 is connected to system board 170 with connector
(CONN) 184. Connector 184 represents an inline USM connector that can extend the ruler
board with an add-in module at the end of the board. Thus, a configurable component can be
provided space at a long end of the ruler board, allowable configuration of the system with
different component features through add-in 182, connected with connector 184. Add-in 186
connects to system board 170 through connector (CONN) 188, which represents a top mount
USM connector. Add-in 182 illustrates that system 104 can include one or more add-in cards
mounted on or over system board 170 with top mount connectors.

[0069] Add-in 192 connects to system board 170 through connector (CONN) 194. Add-in
196 connects to system board 170 through connector (CONN) 198. Add-in 192 and add-in 196
are illustrated as being across system board 170 from each other, illustrating that add-in boards
can be connected to different edges or other portions of system board 170. Connector 194 and
connector 198 can be inline or top mount connectors.

[0070] System 104 includes connectors 164, which represent I/O (input/output) connectors

to devices external to system 104. For example, connectors 164 can be or include USB
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(universal serial bus) connectors. System 104 can also include a display device. System 104 can
include a network interface coupled to processor 172.

[0071] Figures 2A-2C are block diagrams of an example of connecting an add-in to a
motherboard with a USM connector. Motherboard 210 represents a primary system board,
which will include the primary system processor. Add-in 220 represents an extension board to
be connected to a system board, identified in the diagrams as motherboard 210. The size and
scale of the boards is not necessarily to scale. The relative sizes of the system board or
motherboard 210 and add-in 220 can be representative of one example implementation.
[0072] Referring to Figure 2A, top view 202 illustrates a top view of motherboard 210 and
add-in 220. Motherboard 210 includes pads 212, which represents a row of pads between
screw holes 214. In one example, the row of pads 212 is a single row of connectors for
motherboard 210. Add-in 220 includes pads 222, which mirror pads 212 of motherboard 210.
Pads 222 correspond to pads 212, where signals sent to pads 212 are extended to pads 222
through a USM connector (not explicitly shown).

[0073] Pads 212 and pads 222 represent exposed connector on the boards. Other
connectors are covered by one or more layers of the PCB or covered by surface material of the
board. Pads allow connection to a connector or to a chip on the board.

[0074] As with motherboard 210, in one example, add-in 220 includes pads 222 disposed
between two screw holes 224, one on either side of the row of pads 222. Screw holes 214
include standoffs 216 and screw holes 224 include standoffs 226. Standoffs 216 and standoffs
226 include threading on the interior or inner surface. Thus, the screw holes provide an opening
in the boards to receive screws that will secure a connector to the boards, as described in more
detail below.

[0075] Motherboard 210 includes alignment holes 218. Add-in 220 includes alignment holes
228. In one example, alignment holes 218 and alignment holes 228 are mirror images on the
boards when they are configured to connect to each other. In one example, alignment holes
218 of motherboard 210 and alignment holes 228 of add-in 220 are not aligned with each

other.
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[0076] As illustrated in top view 202, alignment holes 218 and alignment holes 228 are
aligned with each other, and have a center that is offset from the connector center. Dashed line
232 (long dashes) illustrates a connector center, or a center line that intersects the middle of
pads 212 and pads 222. Dashed line 234 (short dashes) intersects the middle of alignment holes
218 and alignment holes 228. Offset 230 represents an offset from center of the alignment
holes. In one example, the alignment holes are centered on center line 232.

[0077] Add-in 220 is illustrated with screw holes 240, which can be the same as screw holes
224. Screw holes 224 are located on add-in 220 by the edge of the board that will be proximate
motherboard 210 when the boards are connected, and screw holes 240 are located on an
opposite edge of add-in 220. Another identifier for the screw holes is that screw holes 224 are
located by pads 222 to connect to motherboard 210, and screw holes 240 do not have pads
that will connect with motherboard 210. Screw holes 240 could include pads to connect to
another board, as described below. Alternatively, add-in 220 may not have any pads near screw
holes 240. Screw holes 240 can enable the connection of add-in 220 to a system chassis for
added support for the connection of the add-in board.

[0078] Screw holes 240 illustrate vias 242, which represent through-hole connections for
the screw holes. It will be understood that screw holes 224 and screw holes 214 also include
similar vias, which are mostly obscured in top view 202. The vias include metal lining to the
holes in the boards. Typically, alignment holes 218 and alignment holes 228 are bare holes in
the respective PCBs. A lined hole connects to a signal line on at least two layers of the board, or
connects to a ground plane or power plane.

[0079] Referring to Figure 2B, side view 204 illustrates a side view of the components of top
view 202. Observation of side view 204 shows the threading of screw holes 214 of motherboard
210 and screw holes 224 of add-in 220. Side view 204 also illustrates that standoffs 216 and 226
provide additional depth to allow the screw holes to receive screws to secure a USM connector
to the boards.

[0080] In one example, screw holes 214 and screw holes 224 are through-hole holes in the
boards, which are lined with metal. The metalized through hole openings allow standoffs 216

and standoffs 226, respectively, to be soldered into the screw holes, connecting the screw holes
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to a ground plane in motherboard 210 and to a ground plane in add-in 220, respectively.
Connecting the screw holes to the ground planes can ground the connector, as described in
more detail below. The use of threaded standoffs allows for assembly of the add-in card to the
motherboards in a post-SMT (surface mount technology) assembly process.

[0081] Alignment holes 218 and alignment holes 228 provide keying and accurate
alignment of a USM connector that will connect to the boards. The USM connector includes
contacts to electrically connect pads 212 to pads 222 when the connector is secured to the
boards with screw holes 214 and screw holes 224. The improved accuracy from a pair of keying
alignment holes enables narrower pitch between pads relative to traditional add-in board
interconnects.

[0082] While illustrated and described as standoffs, standoffs 216 and standoffs 226 can
alternatively be spacers. The use of standoffs 216 and standoffs 226 provides threading to
secure screws for a connector to connect motherboard 210 to add-in 220. A spacer may not
need to a threaded spacer that includes threading, as the screw can extend to a threaded post
in the system chassis to secure the screw. A spacer may be preferable if the connector screw
will be connected to the system chassis, as the threading of a standoff may not align perfectly
with the threading of the chassis standoff.

[0083] Referring to Figure 2C, bottom view 206 illustrates a bottom view of the
components of top view 202. It will be observed from bottom view 206 that motherboard 210
and add-in 220 do not include pads on the bottom side of the boards. In one example, the
interconnection with the USM connector provides for connection on only one side of the
boards. Thus, the surface with the pads (the top surface as illustrated) can be substantially in
the same plane or inline with each other. Thus, the I/O (input/output) can be on only one side
or on one surface of the PCB. The connector can then just connect the pads on the one surface
to provide the interconnection between the boards, which can improve vertical usage of the
board space.

[0084] In bottom view 206, in one example, standoffs 216 and standoffs 226 may come all
the way through screw holes 214 and screw holes 224, respectively, or may only extend part

way into the screw holes. The connector (not shown) can include posts or tabs that extend all
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the way into alignment holes 218 and alignment holes 228, or only part way into the alignment
holes, or all the way through the alignment holes to extend out the bottom side.

[0085] Figures 3A-3D are block diagrams of an example of an inline USM connector. The
diagrams illustrate the interconnection of a first PCB to a second PCB. In one example, the first
PCB is a motherboard and the second PCB is an add-in module. In one example, both the first
PCB and the second PCB are add-in boards. The different views of illustrate elements of the
connector as though looking through layers of the connector while it is connecting the two
boards.

[0086] Referring to Figure 3A, view 302 illustrates a pin assembly or a frame of leads to
connect from pads on the first PCB with pads on the second PCB. Lead frame 320 represents
the electrical leads or electrical connectors that make electrical connection between the pads
on the first PCB with the pads on the second PCB when the connector is secured. The leads
span the two rows of the connecting PCBs.

[0087] The electrical leads can also be referred to as pins or beam contacts. The leads or
pins of lead frame 320 are bridges between the pads of the two devices or two boards. In one
example, the pins are spring contacts that push against the upper plate of the connector
(described below as case or cover 350). Close-up 330 illustrates an end of lead frame 320. Lead
frame 320 is made up of multiple individual leads 332, which include feet 334. One foot makes
contact with a pad on the first PCB and the other foot make contact with a corresponding pad
on the second PCB. A straight line and curved line are illustrated and referenced as curve 336.
The straight line illustrates the surface plane of the surfaces of the first PCB and the second
PCB. The arc illustrates the curvature of one of the leads 332.

[0088] Thus, when engage in the connector and secured by screws, the connector pushes
lead frame 320 onto the PCB pads to bridge between corresponding pads. Depending on the
makeup of the leads, the lead frame assembly could exert a relatively significant amount of
force (collectively, multiple pounds of force could be applied against the connector case, and
thus into the screws. Such a force can provide a good engagement force to hold the first PCB to

the second PCB, and ensure the electrical connection of the pads. Such a connection enables
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high speed signaling, even as the connector design enables a low-cost lead frame that holds an
add-in card to another add-in card, or holds an add-in card to a motherboard edge.

[0089] Alignment keys 312 (or alignment holes) illustrate keying or alignment structures to
be engaged by an alignment frame of the connector. In one example, standoffs 314 electrically
connect to a ground plane within the PCBs. In one example, screws 316 engage with standoffs
314. Alternatively, standoffs 314 could be replaced by spacers, which could electrically connect
to a ground plane of the PCBs, or alternatively, simply provide a guide for screws through bare
through holes in the boards for screws 316 to engage with the chassis. Standoffs 314 can
include threading to it into a screw hole and provide a threaded structure to secure screws 316.
[0090] In any configuration, screws 316 can electrically connect to a board ground or a
system ground, grounding the connector. Screws 316 also provide a thermal path for the
connection, allowing the transfer of heat, which can also enable higher signaling rates. In one
example, the connector includes grounding bar 322 (which could alternatively be referred to as
a grounding bar). Ground bar 322 can selectively connect to ground pins of lead frame 320. The
connection of ground bar 322 to ground pins can ensure that each pin has a strong path to
ground. If the connector cover is metal, ground bar 322 can physically contact the metal cover,
providing a strong ground path through screws 316 and standoffs 314 to ground.

[0091] Referring to Figure 3B, view 304 illustrates the inclusion of alignment frame 324
over lead frame 320, which is not explicitly seen in view 304, because it is covered by alignment
frame 324. In one example, alignment frame includes mechanical support for ground bar 322 to
be included in the connector. The mechanical support can include spacing and structural
features to allow ground bar 322 to be used. The structural features can include gaps in the
frame body or frame molding to allow the ground bar to extend through to physically contact
the leads and physically contact the external cover of the connector.

[0092] Alignment frame 324 secures lead frame 320, to hold the leads in place.
Additionally, alignment frame 324 includes posts, tabs, or other structures to engage with
alignment keys in the first PCB and the second PCB. The alignment keys are not seen in view

304, because they are covered by alignment frame 324. In one example, ground bar 322
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extends through alignment frame 324, and provides a beam contact for ground, which connects
to the cover.

[0093] In one example, alignment frame 324 is a plastic frame. The plastic frame can be a
low-cost plastic mold piece, which can be 3D (three-dimensional) printed, injection molded, or
machined. Alignment frame 324 can provide high accuracy to the lead spacing (e.g., distance
between adjacent leads), which supports the lead frame design to achieve high accuracy
alignment of contacts to PCB pads. In addition to the construction of the alignment frame itself
holding the leads, the alignment or keying features engaging with alignment holes in the PCBs
ensure the high accuracy alignment of the leads with the pads.

[0094] Referring to Figure 3C, view 306 illustrates a back side or under side of the first PCB
and the second PCB when engaged by the connector. Screw holes 340 can be holes in the PCBs
to enable the use of the screws, which could be with spacers or standoffs, or without spacers or
standoffs, depending on the system design. In one example, screw holes 340 are lined with
metal to connect to a ground plane in the PCBs, and are illustrated as vias 342 to represent the
electrical connection of the screw holes to a ground plane in the boards.

[0095] There is an advantage to grounding the screw holes to the PCB ground planes, in
ensuring good ground, as well as providing good electrical grounding and a thermal path for
heat from the connector. Alignment keys 312 are filled in with posts or tabs from alignment
frame 324, which align with and engage with the holes in the PCBs. As mentioned previously,
the posts in the connector can be offset relative to a center of the lead frame, or can be
centered on the center of the lead frame. The alignment features of alignment frame 324 can
include a first pair of posts to mate with a pair of first alignment holes of the first PCB and a
second pair of posts to mate with a pair of second alignment holes of the second PCB.

[0096] Referring to Figure 3D, view 308 illustrates the complete connector, with cover 350
enclosing alignment frame 324, which in turn encloses lead frame 320. Cover 350 includes
screw holes 352 to receive screws 316. Screw holes 352 represent features in cover 350 that
will allow screws 316 to be inserted through the connector and when engaged with a threading

(e.g., a standoff on the boards or a standoff on the chassis) will hold the connector against the
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first PCB and the second PCB. The holding of the connector against the PCBs can also work to
hold the PCBs together with the connector.

[0097] In one example, cover 350 includes corrugation features 354. Corrugation features
354 represent alternating peak surfaces and depressed features in the cover to improve
structural stiffness. Corrugation reduces the likelihood of folding or creasing in an axis
orthogonal to the alignment of the corrugation. Thus, screws 316 on opposite sides of the
corrugation features, with the corrugation lengthwise across a rectangular outline of the
connector can increase stiffness across the connection from one pair of screws to the other.
[0098] In one example, cover 350, which could alternatively be referred to as a case or top
shield, is electrically conductive. In one example, cover 350 is metal or metallic, with the
material selected to provide electrical conductivity as well as thermal conductivity. Grounding
the connector through cover 350 can provide improved signal integrity, as cover 350 provides
EMF (electromagnetic frequency) shielding over the signal lines or leads of lead frame 320.
Grounding ground bar 322 and the ground pins to cover 350 can improve the signal integrity
and noise suppression.

[0099] In one example, screws 316 and standoffs 314 are selected of metal material that
provides high thermal conductivity and high electrical conductivity, which when engaged with
cover 350 can provide good thermal and electrical paths for the connector.

[00100] The connector including lead frame 320, alignment frame 324, and cover 350
provides a connector architecture for connecting add-in cards in a computer system. The PCI-
SIG M.2 standard available from PCI-SIG (Peripheral Component Interconnect Special Interest
Group), originally released in December 2013, significantly decreased the z-axis or height of
systems due to connection standards for modules connecting with PCI (peripheral component
interconnect), mSATA (mini serial advanced technology attachment), and USB (universal serial
bus). PCI-SIG M.2 includes contacts or pads on both sides of a board, which can be a limiting
factor for height in emerging computing devices. The M.2 standard is limited to 2.4 mm height,
or even 2.75 mm for high speed PCle 4 (PCl express generation 4) connectors. A connector in

accordance with views 302, 304, 306, and 308 can provide a total connector height of 1.3 mm.
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[00101] Grounding options enable maintaining the same height even with high speed
signaling connections. Thus, the connector can provide very low profile interconnection for
WiFi, BLUETOOTH, WWAN, SSD modules, or other peripheral modules. The simple post PCB
processing installment of the modules with the described connector can enable very thin form
factor computing systems without increasing total system development cost for different
system configurations. The connector can allow the use of modules that are already emissions
compliant, reducing or eliminating the need to test for EMI (electromagnetic interference)
noise for different system configurations.

[00102] Figures 4A-4C are block diagrams of an example of securing an add-in board to a
motherboard with an inline USM connector. These diagrams illustrate a combination of the
connector in accordance with an example of views 302, 304, 306, and 308 with an example of a
PCB configuration in accordance with views 202, 204, and 206.

[00103] Referring to Figure 4A, view 402 illustrates motherboard 410 and add-in 420, which
represent the two PCBs to be connected. Motherboard 410 includes pads 412 and add-in 420
includes pads 422. Alignment holes 434 on motherboard 410 and add-in 420 provide keying for
connector 430.

[00104] Connector 430 includes screw holes 432 to receive screws 440. Connector 430 rests
on or over standoffs 436 on motherboard 410 and add-in 420, aligning screw holes 432 in
connector 430 with corresponding screw holes or holes in motherboard 410 and add-in 420.
Screws 440 secure connector 430 to motherboard 410 and add-in 420, which causes leads of
connector 430 to interface with pads 412 and pads 422.

[00105] Connector 430 can be considered a board-to-board connector. While not visible in
view 402, connector 430 includes a lead frame to provide electrical contact between pads 412
and pads 422, an alignment frame to hold the lead frame and align with alignment holes 434,
and an external case or cover to receive screws 440 and secure the alignment frame and lead
frame.

[00106] Referring to Figure 4B, view 404 illustrates connector 430 engaged with
motherboard 410 and add-in 420 with screws 440. More specifically, the screws are identified

in view 404 as screws 442 and screws 444, Screws 442 can be referred to as one pair of screws
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to secure one side of connector 430. It will be observed that connector 430 has a generally
rectangular outline, with pairs of screws on opposite short edges of the connector. Screws 442
are on one short edge of connector and screws 444 are on the other short edge of connector
430.

[00107] For screws 442, one of the screws connects to motherboard 410 and the other to
add-in 420. Similarly, for screws 444, one of the screws connects to motherboard 410 and the
other to add-in 420. Screws 442 can be considered one pair of screws on one end of the row of
leads of connector 430, and screws 444 would be considered another pair of screws on the
other end of the row of leads.

[00108] In one example, add-in 420 includes screw holes 424, which will receive screws (not
shown) to secure add-in 420 to a system chassis (not shown). In view 404, add-in 420 includes
screw holes to receive one of screws 442 and one of screws 444 in holes closest to
motherboard 410. Add-in 420 also includes screw holes 424 on a far end of the board from
motherboard 410, to receive additional screws to secure the back end of add-in 420 to the
system chassis for added structural support.

[00109] Referring to Figure 4C, view 406 represents a cutaway view of connector 430 to
illustrate the connection of the connector the boards. In one example, motherboard 410 and
add-in 420 include vias 450 in the boards, with holes in the board that are lined with conductor
and electrically connected to ground planes of the respective boards. In one example, standoffs
436 are soldered to vias 450. Thus, standoffs 436 are grounded to the boards.

[00110] Screws 442 are shown in a cutaway view, secured to standoffs 436. Screws 444 are
also seen securing the other end of connector 430 to motherboard 410 and add-in 420. View
406 illustrates corrugation features 460 in connector 430, which increases stiffness of the
connector in an axis orthogonal to the bridging of the leads of connector 430.

[00111] Screws 442 and screws 444 can provide a strong, secure connector to add-in 420
and motherboard 410. When standoffs 436 are grounded and the screws are electrically and
thermally conductive, screws 442 and screws 444 add a robust conduit for thermal and

electrical ground between the systems of motherboard 410 and add-in 420. Grounding
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connector 430 can provide improved signal integrity, as the metal shield, cover, or case that
encloses the signal lines of the connector is grounded, which should suppress EMI.

[00112] Figure 5A is a cutaway diagram of an example of an inline USM connector. View 500
illustrates a cutaway view of connector 530 connecting PCB 510 to PCB 520. PCB 510 can be a
motherboard or an add-in card. PCB 520 is an add-in card.

[00113] Connector 530 is represented by the features surrounded by the dashed line.
Connector 530 includes leads 532. While not specifically labeled, it will be observed that lead
532 includes one foot to contact pads on PCB 510 and another foot to contact pads on PCB 520.
View 500 illustrates lead 532 having a curved form, which can provide a spring force when
connector 530 is secured by screws (not shown). More specifically, leads 532 can be
implemented as an arch-shaped spring, which has some flex due to force applied from cover
550, which leads 532 oppose with equal and opposite force. Thus, the securing of cover 550 to
the PCBs applies a force on leads 532 to push the contact points of the leads against pads on
the PCBs when connector 530 is secured with screws. The force on leads 532 applied by the
connector can displace the arch shape by approximately 0.15 mm.

[00114] In one example, leads 532 include arms extending from a middle point to each side
to the foot that physically and electrically contacts the signal pad. In one example, leads 532
include arms that extend vertically up around a central area. When the spring of leads 532 is
engaged, the arms that extend vertically will tend to pinch towards the center. In one example,
connector 530 includes ground bar 534, which runs down the middle between the vertical arms
of leads 532. It will be understood that ground bar 534 includes tabs that extend down
between the vertical arms for leads to be selectively contacted, and does not include tabs for
signal lines not to be connected to ground. The spring action of leads 532 can operate to ensure
secure physical and electrical contact between ground leads and ground bar 534.

[00115] Connector 530 includes frame 540, which is shown as two separate pieces in the
cutaway view. In practice, frame 540 may preferably be one solid piece, although it could be
implemented as two separate pieces. Frame 540 secures leads 532. In one example, frame 540
includes post 542 and post 544, which represent posts or tabs or extensions of the frame to

extend into or through the PCBs, and can be referred to center posts. Post 542 represents a pair
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of keying features to align with keying holes in PCB 510. Post 544 represents a pair of keying
features to align with keying holes in PCB 520.

[00116] Connector 530 includes cover 550 to enclose the leads and frame 540. Connector
530 includes screw holes (not shown) to secure connector to PCB 510 and to PCB 520. In one
example, cover 550 includes corrugation features 552 as stiffening features. Corrugation 552
enables cover 550 to withstand the stress of the forces of the spring action of leads 532.
[00117] View 500 illustrates vias 512 in PCB 510 and vias 522 in PCB 520. Vias 512 and vias
522 represent electrical vias to connect signal line pads on the PCBs to connect to the ground
plane on the respective PCBs. Thus, the ground leads can be connected to the ground plane
through pads on the surfaces of the PCBs, through vias to the ground plane, and also to cover
550, which can also connect to the ground planes through screws.

[00118] Figure 5B is a diagram of an example of an inline USM connector connecting to a
system chassis. View 560 illustrates a view of connector 530 with screws 536 securing the
connector to PCB 510 and PCB 520.

[00119] In one example, connector 530 secures to PCB 510 and to PCB 520 via standoffs,
which are threaded or having threading to enable the securing of the connector with the
screws. View 560 illustrates screws 536 extending through connector 530 and through PCB 510
to connect to chassis 570. Screws 536 also extend through connector 530 and through PCB 520
to connect to chassis 570. While not specified in view 560, screws 536 could connect to chassis
570 through spacers.

[00120] Chassis 570 represents a chassis or system enclosure for a computing system in
which PCB 510 and PCB 520 are incorporated. In one example, chassis 570 includes posts 572 to
extend up from the inner surface of chassis 570 to interconnect with screws 536. Posts 572 are
to be distinguished from the posts extending down from frame 540 to key to alignment holes.
Posts 572 are illustrated as having threading to match screws 536. It will be understood that the
threading on screws 536 and the inside of posts 572 is not necessarily to scale. The relative
heights and proportions of the other components are also not necessarily to scale.

[00121] In one example, posts include metal rings to extend into the through holes of PCB

510 and PCB 520. This, the PCBs can rest on the posts, with the through holes aligned to, and
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resting on a lip around posts 572. Then screws 536 can secure connector 530, and PCB 510 and
PCB 520 to the posts.

[00122] Figure 6 is an example of a representation of an inline USM connector with offset
keying features. Connector 600 is illustrated from a top view, side views, and bottom view.
[00123] Connector 600 includes screw holes 610 to receive screws to secure the connector
to PCBs. The side views and the bottom view illustrate leads 620, which extend below the
bottom surface of the connector to contact with pads on the PCBs to be connected. The side
views and bottom view also illustrate posts 630, which represent alignment features of
connector 600. They extend from the bottom of connector 600 to extend into alignment holes
the boards to be connected.

[00124] The top view illustrates a dashed line to indicate that Board 1 will connect to the top
half (as oriented in the diagram) of connector 600 and Board 2 will connect to the bottom half.
It will be observed from the side view of the long edge of connector 600 and from the bottom
view that posts 630 can be offset relative to a center of the electrical leads.

[00125] In the side view of the short edge of connector 600, it can be seen that Board 1 and
Board 2 will be connected with symmetric distances for electrical pads and for alignment holes.
Symmetry between the leads is not necessarily required. Symmetry between the alignment
features is not necessarily required. One example of an asymmetric design is provided below
with respect to Figure 8.

[00126] It will be understood that connector 600 is merely one example, and differences in
shape, corrugations, shape and size of the corrugations, outline of the connector case, and
other differences are possible. Furthermore, examples of dimensions are provided, which are
example, and can be changed proportionally or changed in a way that changes the proportions
or ratios of the connector dimensions. Thus, there are merely non-limiting examples.

[00127] Consider the dimensions for a 50-pin connector 600. Dimensions can change
proportionally along the x-axis for 30-pin, 40-pin, or 60-pin connectors. In one example, the x-
dimension (e.g., length) can be approximately 29-30 mm, such as 29.3 mm or 29.8 mm. The y
dimension (e.g., width) can be approximately 8-10 mm, such as 8.0 mm or 9.5 mm. The z

dimension (e.g., height) can be approximately 1-1.5 mm, such as 1.2 mm or 1.3 mm. For a 50-
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pin configuration, connector 600 can have approximately 0.4 mm of pitch between the pins or
contacts. The dimension between the points of leads 620 can be approximately 5-5.5 mm, such
as 5.0 mm or 5.3 mm. The dimension between posts 630 along the y-axis can be approximately
7-7.5 mm, such as 7.1 mm or 7.25 mm. The dimension between posts 630 along the x-axis can
be approximately 12 mm, such as 11.9 mm. The dimensions between the screw holes along the
y-axis can be approximately 4.5-5.0 mm, such as 4.5 mm or 4.8 mm, and along the x-axis can be
approximately 25-26 mm, such as 25.1 or 25.7 mm.

[00128] Figures 7A-7B are diagrams of an example of an inline USM connector that connects
to different electrical pads by reversing the USM connector. Connector 700 illustrates an
asymmetrical connector. The asymmetry can be useful for applying the connector to different
types of add-in boards.

[00129] Referring to Figure 7A, connector 700 is illustrated and described. The outline of
connector 700 is illustrated as generally rectangular, with shorter edges and longer edges. The
screw holes, alignment features, and leads are illustrated for purposes of describing the ability
of connector 700 to be used reversibly. The view can be considered as looking at the top of the
connector, and through the connector to the features relevant for purposes of discussion here.
[00130] Connector 700 includes tabs 752 and tabs 754, which represent alignment features
that extend from the connector to mate with alignment holes of the boards to be connected.
Connector 700 includes screw holes 742 and screw holes 744 to receive mounting screws to
secure the connector to the boards. The tabs are labeled in pairs that are paired lengthwise or
along the long edge of connector 700, with each pair to connect to a different board. The screw
holes are labeled in pairs that are paired along the short edge of connector 700, with each pair
to connect the two boards together.

[00131] Referring to Figure 7B, the middle diagram illustrates board layouts for PCB 710 and
optional layouts for PCB 720. PCB 710 includes two rows of pads, as illustrated, with one row
closer to the edge of PCB 710 and another row farther away from the edge. PCB 720 includes
one row of pads, either the row closer to the edge of PCB 720, or the row farther from the edge
of PCB 720, but not both rows. Thus, PCB 710 includes both rows of pads and PCB 720 includes

one or the other.
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[00132] In orientation 702, connector 700 will connect the row of pads farther from the edge
of PCB 710 to a PCB 720 with a row of pads closer to the edge. In orientation 704, connector
700 is rotated 180 degrees to connect the row of pads closer to the edge of PCB 710 to a PCB
720 with a row of pads farther from the edge.

[00133] The dark dashed lines illustrate that in both orientations, screw holes 742 and screw
holes 744 align with the screw holes in PCB 710 and in PCB 720 along the long axis of connector
700. For purposes of describing the orientation of connector 700, the screws holes of PCB 720
and PCB 710 on one side of leads 730 are designated as screw holes 712, and the screw holes
on the opposite side of leads 730 are designated as screw holes 714.

[00134] In orientation 702, screw holes 742 of connector 700 align with screw holes 712 and
screw holes 744 align with screw holes 714. In orientation 704, connector 700 is rotated and
screw holes 744 align with screw holes 712 and screw holes 742 align with screw holes 714.
[00135] Additionally, in orientation 702, tabs 752 align with holes 764 of PCB 710 and tabs
754 align with holes 768 of PCB 720. In orientation 704, tabs 752 align with holes 766 of PCB
720 and tabs 754 align with holes 762 of PCB 710. In one example, tabs 752 and tabs 754 are
spaced symmetrically with respect to a center of leads 730. In an alternate implementation, the
tabs could be offset from center, but not aligned with each other. Thus, if tabs 752 were offset
toward screw holes 742, tabs 754 would be offset the same amount toward screw holes 744.
The corresponding holes in the PCBs would need to be adjusted to match the tab offsets.
[00136] Figure 8 is an example of a representation of an inline USM connector that connects
to different rows of electrical pads by reversing the connector orientation. Connector 800 is
illustrated from a perspective view, a top view, and side views.

[00137] Connector 800 includes screw holes 810 to receive screws to secure the connector
to PCBs. The side views illustrate leads 820, which extend below the bottom surface of the
connector to contact with pads on the PCBs to be connected. The side views also illustrate
posts 830, which represent alignment features of connector 800. They extend from the bottom
of connector 800 to extend into alignment holes the boards to be connected.

[00138] The top view illustrates a dashed line to indicate that Board 1 will connect to the top

half (as oriented in the diagram) of connector 800 and Board 2 will connect to the bottom half.
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It will be observed from the side view of the short edge of connector 800 that posts 830 can be
offset relative to a center of connector 800 by offset 840.

[00139] In the side view of the long edge of connector 600, it can be seen that posts 830 can
be symmetric with respect to leads 820. As described above, posts 830 do not necessarily need
to be symmetric with respect to the leads, as long as they have the same offset when connector
800 is rotated by 180 degrees.

[00140] It will be understood that connector 800 is merely one example, and differences in
shape, corrugations, shape and size of the corrugations, outline of the connector case, and
other differences are possible. Furthermore, examples of dimensions are provided, which are
example, and can be changed proportionally or changed in a way that changes the proportions
or ratios of the connector dimensions. Thus, there are merely non-limiting examples.

[00141] In one example, connector 800 illustrates a 40-pin connector example. Dimensions
can change proportionally for other numbers of leads, such as 30-pin, 50-pin, or 60-pin
connectors. In one example, the x-dimension (e.g., length) can be approximately 25-30 mm,
such as 26.0 mm. The y dimension (e.g., width) can be approximately 10-12 mm, such as 10.75
mm. The z dimension (e.g., height) can be approximately 1-1.5 mm, such as 1.2 mm or 1.3 mm.
For a 40-pin configuration, connector 800 can have approximately 0.4 mm of pitch between the
pins or contacts. The dimension between the points of leads 820 can be approximately 4-5 mm,
such as 4.3 mm. The dimension between posts 830 along the y-axis can be approximately 6-7
mm, such as 6.5 mm. The dimension between posts 830 along the x-axis can be approximately
10-15 mm, such as 13 mm. The dimensions between the screw holes along the y-axis can be
approximately 4-6 mm, such as 5.0 mm, and along the x-axis can be approximately 20-24 mm,
such as 21.25 mm.

[00142] Figure 9 is an example of a layout of boards to be connected by a USM connector.
Diagram 900 more specifically illustrates an overlay of leads or contacts from a connector over
the layout of signal pads for a system to use a USM connector. The layout excludes the
alignment holes, which could change the routing, either of ground vias, or of signal lines, or of

both ground vias and signal lines.
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[00143] Diagram 900 illustrates a connection of 26 signal lines. Some implementations will
include more signal lines. Other implementations could have fewer signal lines. The basic
features of the connector do not change regardless of the number of signal lines. However, an
example below provides an example of a grounding improvement for a system with a large
number of signals to connect.

[00144] PCB 910 represents a first PCB to be connected to PCB 920 as the second PCB. The
PCBs are connected end-to-end or edge-to-edge. PCB 910 includes pads 912, which represent
pads connected to signal lines, such as TX0, RX0, TX1, RX1, TX2, and RX2. The corresponding
signal lines of PCB 920 are not illustrated, but the passthrough natures of the signals will be
understood from diagram 900. PCB 920 includes pads 922 to be connected to pads 912 via
leads 930 of a connector (not explicitly shown).

[00145] PCB 910 includes ground (GND) vias 914, which represent connections of the signal
lines to the ground plane of PCB 910. Similarly, PCB 920 includes ground (GND) vias 924, which
represent connections of the signal lines to the ground plane of PCB 920. It will be understood
that the signal represented in differential signaling, where a signal and its complement are
transmitted on parallel wires or signal lines. The differential signal can improve signal integrity
in high speed signaling. The use of two ground signal lines between each differential pair can
further improve signal integrity. Such a layout is not necessary.

[00146] In addition to being ground through the ground vias, in one example, the ground
signal lines of leads 930 can be ground to ground (GND) bar 940, which illustrates ground (GND)
contacts 942 for the ground signal lines. In accordance with what is described above, ground
bar 940 can connect to a conductive cover for the connector, which is then grounded through
the mounting screws.

[00147] Figure 10A-10B illustrate an example of a system ruler board with an inline USM
connector and a top-mount USM connector. Board 1010 represents a system board as a ruler
board configuration, where one dimension is significantly longer than the other. Assuming
component 1012 represents a system processor or host processor SOC for board 1010, it can be
observed that one dimension of board 1010 is not significantly larger than the dimensions of

the processor, and the other dimension of board 1010 is significantly larger.
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[00148] Figure 10A illustrates view 1002, which is a perspective view of board 1010 and the
components connected on and to it. View 1002 represents the relative dimensions of board
1010. Board 1010 includes components 1014, which are components other than the system
processor. There can be any number of components in any configuration for a specific
implementation of board 1010.

[00149] In one example, the system includes USMi 1042, which represents an inline low
profile connector to connect board 1040 to board 1010. Board 1010 includes one or more
components 1044 to provide the functionality of the add-in board. In the system of view 1002,
board 1040 is connected to one end of board 1010 across the short dimension.

[00150] In one example, the system includes USMi 1032, which represents an inline low
profile connector to connect board 1030 to the other end of board 1010, opposite the end to
which board 1040 is connected. Board 1030 includes one or more components 1034 mounted
on the board to provide functionality to board 1010.

[00151] In one example, the system includes USMt 1022, which represents a top mount low
profile connector to connect board 1020 to board 1010. In one example, board 1020 rests on
board 1010 or is in contact with board 1010. In an alternate example, board 1020 could be
mounted over the top of board 1030, with a connector USMt 1022 that has a higher vertical
offset between the two sides. Board 1020 includes one or more components 1024 mounted on
board 1020. In one example, board 1020 is secured to board 1010 via USMt 1022 and screw
1026.

[00152] Figure 10B illustrates view 1004, which is a side view of view 1002, showing just the
end of the board 1010 with board 1020 and board 1030 connected to it. In view 1004, it can be
seen that board 1020 rests against board 1010 when connected with USMt 1022. In contrast to
board 1020 resting against board 1010, board 1030 is inline or co-planar with board 1010,
connected with USMi 1032.

[00153] The darkened area within USMi 1032 represents a contact or lead for the inline
connector. The lead is identified as beam contact 1050. The beam contact refers to the side-
view profile of the lead, which illustrates one or more supports in the middle of the lead, and

arms extending out to either side of the middle support.
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[00154] The darkened area within USMt 1022 represents a contact or lead for the top mount
connector. The lead is identified as offset beam contact 1070. The offset beam contact has a
similar side profile as the straight beam contact, with one of the arms vertically offset relative
to the other arm. The vertical offset of the arms will reflect the vertical offset of the top mount
connector, and the vertical difference between the surfaces of the two boards to connect.
Offset beam contact 1070 could alternatively be referred to as a dual beam contact, referring to
the different arms as different beams extending out from the center supports of the contact.
[00155] Figure 10C is an example of a beam contact for an inline USM connector. Beam
contact 1050 is a closer view of a contact in accordance with the darkened area within USMi
1032 from view 1004. It can be observed that the darkened area in Figure 10B has two supports
in the middle, whereas beam contact 1050 in Figure 10C illustrates only a single contact. The
beam contact or the lead for the inline connector can include either a single center support or
multiple center supports.

[00156] Beam contact 1050 illustrates support 1056 in the center of the contact, arm 1052
having an arch shape, extending in one direction away from support 1056, and arm 1054 having
an arch shape, extending in the other direction away from support 1056. Arm 1052 includes
foot 1062, which is the portion of the contact that will rest on the pad on the surface of the first
board to connect. Arm 1054 includes foot 1064, which is the portion of the contact that will rest
on the pad on the surface of the second board to connect. It will be understood that "first" and
"second" boards are relative, and the designations can be reversed.

[00157] Arm 1052 and arm 1054 include arch shapes, having a curvature from support 1056
to foot 1062 and from support 1056 to foot 1064, respectively. The curvature allows beam
contact 1050 to flex. The flexion provides pressure on foot 1062 and on foot 1064 to maintain
the feet in contact with their respective pads. The flex is created by a downward force exerted
as the screws secure the connector to the boards.

[00158] Figure 10D is an example of a beam contact for a top mount USM connector. Offset
beam contact 1070 is a closer view of a contact in accordance with the darkened area within
USMt 1022 from view 1004. It can be observed that the darkened area in Figure 10B has two

supports in the middle, as does offset beam contact 1070 in Figure 10D. The offset beam
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contact or the lead for the top mount connector can include either a single center support or
multiple center supports.

[00159] Offset beam contact 1070 illustrates support 1076 in the center of the contact, with
arm 1072 having an arch shape, extending away from support 1076. The shorter support 1076
connects to arm 1072, which will connect with the board having the higher vertical position.
Offset beam contact 1070 illustrates support 1078 in the center of the contact, with arm 1074
having an arch shape, extending away from support 1078. The longer support 1078 connects to
arm 1074, which will connect with the board having the lower vertical position. In one example,
support 1078 is thicker than support 1076, which can enable the support to better pass the
force from the connector down the additional vertical distance to arm 1074.

[00160] Arm 1072 includes foot 1082, which is the portion of the contact that will rest on the
pad on the surface of the first board to connect. Arm 1074 includes foot 1084, which is the
portion of the contact that will rest on the pad on the surface of the second board to connect. It
will be understood that "first" and "second" boards are relative, and the designations can be
reversed.

[00161] Arm 1072 and arm 1074 include arch shapes, having a curvature from support 1076
to foot 1082 and from support 1078 to foot 1084, respectively. The curvature allows offset
beam contact 1070 to flex, and more specifically, to allow each arm to flex. The flexion provides
pressure on foot 1082 and on foot 1084 to maintain the feet in contact with their respective
pads. The flex is created by a downward force exerted as the screws secure the connector to
the boards.

[00162] Offset 1080 represents the vertical offset between the boards that will be connected
by a connector with offset beam contact 1070. It will be observed by the dashed lines and
dashed arrow that offset 1080 for the boards can match the offset for arm 1072 and arm 1074.
Maintaining the arms with the same relative shape can maintain the same relative flex
properties, with adjustments to the center support or supports to appropriately direct the force
of the connector to the beams.

[00163] Figure 11A is an example of an add-in board with a top mount USM connector.

System 1100 illustrates an example of an add-in board that connects to a system board or to
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another add-in board with a top mount, low profile connector. Board 1110 represents the add-
in board itself, and connector 1130 represents the top mount connector.

[00164] Board 1110 includes one or more components 1120 mounted on the board. In one
example, the element in system 1100 identified as component 1120 represents a shield or
covering for multiple components that are mounted on board 1110. A shield or covering can be
a requirement for electromagnetic interference compliance. The presence of such a shield
illustrates another advantage to the connectors described, in that the connectors can include a
conductive shield or case that is grounded, which will reduce the noise for high speed signaling
to and from an add-in board.

[00165] Screw hole 1112 in board 1110 represents a hole to receive a mounting screw, which
connects to the board and not directly to connector 1130. Screw holes 1132 represent screw
holes in connector 1130 to receive screws. The mounting screws for the connector can be
referred to as connector screws, specifically to secure the connector on one side to the first
board and on the other side to the second board. The second board is not specifically illustrated
in system 1100. Screw 1140 represents a screw to secure the connector to add-in board 1110.
The screw holes for the screws to the system board, receiver board, or carrier board are not
shown in system 1100.

[00166] In one example, the features of connector 1130 will be the same or nearly the same
as a comparable inline board, except for features that allow the vertical difference between the
two sides of the connector. In one example, connector 1130 includes corrugation 1134. The
examples of dimensions provided above with respect to connector 600 can provide example of
dimensions for connector 1130, with the exception of the z-axis dimension. The z-axis
dimension can be different for different configurations of connector 1130, such as what is
described in the examples of Figures 12-18. In those example, the dimensions of the
components are not necessarily all drawn to scale.

[00167] System 1100 illustrates offset 1150, which represents the offset between the add-in
side of connector 1130 and the receiver board side of connector 1130. The offset in system

1100 is simply the thickness of board 1110. In other configurations, the offset will be higher.
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[00168] Figure 11B is an example of a contact for a top mount USM connector. Offset beam
contact 1070 of Figure 10D provides one example of a USMt contact. View 1102 provides a
view of system 1100 with an alternative implementation of a USMt contact. View 1102
illustrates board 1110 above system board 1160. Connector 1130 connects board 1110 to
system board 1160.

[00169] View 1102 includes contact 1170 to provide electrical contact between pads on
board 1110 and pads on system board 1160. In one example, contact 1170 includes arm 1172,
extended in a curve up from the middle of connector 1130 to the pads of board 1110. In one
example, contact 1170 includes arm 1174, extended in a curve down from the middle of
connector 1130 to the pads of system board 1160. In one example, the middle of connector
1130 includes one or more supports 1176. The supports can connect the arms of contact 1170
to the mechanical structure (e.g., the lead frame) of connector 1130.

[00170] Figure 12 is an example of a system configuration with a top mount USM connector
with an add-in board directly against a system board. System 1200 represents an example of a
system with a top mount connector. Carrier board 1210 represents a board to which an add-in
board with be connected, such as a system board, a motherboard, or another add-in board.
[00171] Module 1220 represents the add-in board, having one or more components 1230
mounted on the module board. USMt 1240 represents a top mount connector to connect
module 1220 to carrier board 1210. Screw 1252 represents a screw at the "back" end of module
1220, which is the end of module 1220 opposite USMt 1240. Screw 1252 has a head that
secures to the PCB of module 1220, with threading that extends through the board of module
1220 and into carrier board 1210.

[00172] Screw 1254 represents a screw that secures USMt 1240 to module 1220. Screw 1256
represents a screw that secures USMt 1240 to carrier board 1210. In one example, screw 1254
has a head that rests within a recess in the connector associated with a screw hole. Screw 1254
extends into module 1220 but not into carrier board 1210. In one example, screw 1256 has a
head that rests within a recess in the connector associated with a screw hole.

[00173] The height (identified as the z dimension) can depend on the thickness of the board

of module 1220. For example, for a 0.6 mm PCB for module 1220, USMt 1240 could have a
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height, z, of approximately 2.0 mm. As another example, for a 0.8 mm PCB for module 1220,
USMt 1240 could have a height, z, of approximately 2.2 mm.

[00174] Figure 13 is an example of a system configuration with a top mount USM connector
having a height offset to allow clearance for components on the add-in board between the add-
in board and the system board. System 1300 represents an example of a system with a top
mount connector. Carrier board 1310 represents a board to which an add-in board can be
connected, such as a system board, a motherboard, or another add-in board.

[00175] Module 1320 represents the add-in board, having one or more components 1330
mounted on the module board on a surface that includes the pads or contacts to which USMt
1340 will connect. USMt 1340 represents a top mount connector to connect module 1320 to
carrier board 1310. In one example, module 1320 includes one or more components 1370 on
the module board on a surface opposite the surface that includes the pads or contacts.
Considering the surface of module 1320 that has the pads to be the "top" surface, the module
includes components 1330 on the top surface and includes components 1370 on the bottom
surface.

[00176] Screw 1352 represents a screw at the "back" end of module 1320, which is the end
of module 1320 opposite USMt 1340. Screw 1352 has a head that secures to the PCB of module
1320, with threading that extends through the board of module 1320 and into carrier board
1310. In one example, system 1300 includes spacer or standoff 1360 to bridge the gap between
the board of module 1320 and carrier board 1310. The standoff can fit to a screw hole.

[00177] Screw 1354 represents a screw that secures USMt 1340 to module 1320. Screw 1356
represents a screw that secures USMt 1340 to carrier board 1310. In one example, screw 1354
has a head that rests within a recess in the connector associated with a screw hole. Screw 1354
extends into module 1320 but not out the other side. In one example, screw 1356 has a head
that rests within a recess in the connector associated with a screw hole.

[00178] In one example, USMt 1340 includes footing 1342, which could alternatively be
referred as a base or support. Footing 1342 represents a structure of USMt 1340 to provide
structural support to module 1320 when connecting module 1320 to carrier board 1310. When

module 1320 is supported at one end by screw 1352 secured to carrier board 1310 through
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standoff 1360, and on the other end by USMt 1340, there can be significant stress on the board
through screw 1354. Footing 1342 extends USMt 1340 under the end or the edge of module
1320 that interfaces with USMt 1340. With footing 1342, USMt 1340 can contact the surface of
module 1320 that has the pads, as well as the opposite surface, as well as the edge of the
module board that connects the two surfaces. Footing 1342 can include a ledge or extension
that extends under module 1320 to allow a place for the edge of the board to rest or contact,
which reduces the force on the board by screw 1354 by transferring force onto the physical
contact of the board edge with the connector.

[00179] In one example, USMt 1340 has a height sufficient to leave air gap 1372 between
component 1370 mounted on module 1320 and carrier board 1310. In one example, instead of
leaving an air gap, the space could be occupied by a material that provides electrical isolation
and thermal conductivity. Air gap 1372 can be any amount of space that makes sense for a
system architecture. In one example, air gap 1372 is approximately 0.3 mm.

[00180] The height of USMt 1340 (identified as the z dimension) can depend on the thickness
of the board of module 1320 and how much space to leave under the module. For example, for
a 0.6 mm PCB for module 1320, USMt 1340 could have a height, z, of approximately 3.3 mm for
clearance for components that have a height of approximately 1.0 mm. As another example, for
a 0.8 mm PCB for module 1320, USMt 1340 could have a height, z, of approximately 3.5 mm for
clearance for components that have a height of approximately 1.0 mm. As another example, for
a 0.6 mm PCB for module 1320, USMt 1340 could have a height, z, of approximately 3.8 mm for
clearance for components that have a height of approximately 1.5 mm. As another example, for
a 0.8 mm PCB for module 1320, USMt 1340 could have a height, z, of approximately 4.0 mm for
clearance for components that have a height of approximately 1.5 mm.

[00181] Figure 14A is an example of a system configuration with a top mount USM
connector having a height offset to allow clearance for components on the system board
between the add-in board and the system board. System 1400 represents an example of a
system with a top mount connector. Carrier board 1410 represents a board to which an add-in

board can be connected, such as a system board, a motherboard, or another add-in board.
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[00182] Module 1420 represents the add-in board, having one or more components 1430
mounted on the module board on a surface that includes the pads or contacts to which USMt
1440 will connect. USMt 1440 represents a top mount connector to connect module 1420 to
carrier board 1410. In one example, carrier board 1410 includes one or more components 1480
to be mounted on the carrier board under module 1420.

[00183] Screw 1452 represents a screw at the "back" end of module 1420, which is the end
of module 1420 opposite USMt 1440. Screw 1452 has a head that secures to the PCB of module
1420, with threading that extends through the board of module 1420 and into carrier board
1410. In one example, system 1400 includes spacer or standoff 1460 to bridge the gap between
the board of module 1420 and carrier board 1410.

[00184] Screw 1454 represents a screw that secures USMt 1440 to module 1420. Screw 1456
represents a screw that secures USMt 1440 to carrier board 1410. In one example, screw 1454
has a head that rests within a recess in the connector associated with a screw hole. Screw 1454
extends into module 1420 but not out the other side. In one example, screw 1456 has a head
that rests within a recess in the connector associated with a screw hole.

[00185] In one example, USMt 1440 includes footing 1442, which could alternatively be
referred as a base or support. Footing 1442 represents a structure of USMt 1340 to provide
structural support to module 1420 when connecting module 1420 to carrier board 1410. When
module 1420 is supported at one end by screw 1452 secured to carrier board 1410 through
standoff 1460, and on the other end by USMt 1440, there can be significant stress on the board
through screw 1454. Footing 1442 extends USMt 1440 under the end or the edge of module
1420 that interfaces with USMt 1440. With footing 1442, USMt 1440 can contact the surface of
module 1420 that has the pads, as well as the opposite surface, as well as the edge of the
module board that connects the two surfaces. Footing 1442 can include a ledge or extension
that extends under module 1420 to allow a place for the edge of the board to rest or contact,
which reduces the force on the board by screw 1454 by transferring force onto the physical
contact of the board edge with the connector.

[00186] In one example, footing 1442 extends in steps within USMt 1440. Footing 1442 can

be an alternative footing design to footing 1342 of system 1300. Footing 1442 has a portion
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under the module board and structure that extends away from the module board toward the
system board. Footing 1342 has a portion under the module board and structure that extends
under the module board toward the system board. While footing 1342 is illustrated as having a
slanted edge and footing 1442 is illustrated as stepped, in alternative versions of the footings,
either footing can be slanted and either footing can be stepped.

[00187] In one example, USMt 1440 has a height sufficient to leave air gap 1482 between
component 1480 mounted on carrier board 1410 and the bottom of module 1420, considering
the surface of module 1420 with the pads and component 1430 to be the top of the module. In
one example, instead of leaving an air gap, the space could be occupied by a material that
provides electrical isolation and thermal conductivity. Air gap 1482 can be any amount of space
that makes sense for a system architecture. In one example, air gap 1482 is approximately 0.3
mm.

[00188] The height of USMt 1440 (identified as the z dimension) can depend on the thickness
of the board of module 1420 and how much space to leave under the module. For example, for
a 0.6 mm PCB for module 1420, USMt 1440 could have a height, z, of approximately 4.4 mm,
providing clearance for components that have a height of approximately 2.1 mm. As another
example, for a 0.8 mm PCB for module 1420, USMt 1440 could have a height, z, of
approximately 4.4 mm for clearance for components that have a height of approximately 1.9
mm.

[00189] Figure 14B is a representation of a top mount connector with a stepped footing.
View 1402 illustrates module 1420 connected with USMt 1440. Screw 1454 secures module
1420 to USMt 1440. Screw 1456 secures USMt 1440 to a system board. Footing 1442
represents a structure of USMt 1440 that extends under module 1420 to provide additional
structural support for module 1420.

[00190] Figure 14C is a perspective view of the top mount connector of Figure 14B. View
1404 illustrates module 1420 supported on the internal elements of USMt 1440. The external
case of USMt 1440 is removed for view 1404. Hole 1474 represents a hole to receive screw
1454 to secure module 1420 to USMt 1440. View 1404 illustrates screw 1456. View 1404

illustrates footing 1442 extending under module 1420. View 1404 also illustrates support 1472
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for footing 1442. In one example, footing 1442 extends under USMt 1440 away from module
1420. In one example, support 1472 includes multiple steps, to provide physical structure from
the system board up to the edge or end of module 1420.

[00191] Figure 15 is an example of a system configuration with a top mount USM connector
to mount an add-in board above another add-in board directly against a system board with
another top mount USM connector. System 1500 represents an example of a system with a top
mount connector. System board 1510 represents a board to which an add-in board can be
connected, such as a primary system board or a motherboard. System 1500 represents two
add-in boards connected to system board 1510.

[00192] Module 1520 represents a first add-in board, having one or more components 1522
mounted on the module board. USMt 1540 represents a top mount connector to connect
module 1520 to system board 1510. Screw 1562 represents a screw at the "back" end of
module 1520, which is the end of module 1520 opposite USMt 1540. Screw 1562 has a head
that secures to the PCB of module 1520, with threading that extends through the board of
module 1520 and into system board 1510.

[00193] Screw 1564 represents a screw that secures USMt 1540 to module 1520. Screw 1566
represents a screw that secures USMt 1540 to system board 1510. In one example, screw 1564
has a head that rests within a recess in the connector associated with a screw hole. Screw 1564
extends into module 1520 but not into system board 1510. In one example, screw 1566 has a
head that rests within a recess in the connector associated with a screw hole.

[00194] The height of USMt 1540 (identified as the z1 dimension) can depend on the
thickness of the board of module 1520. For example, for a 0.6 mm PCB for module 1520, USMt
1540 could have a height, z1, of approximately 2.0 mm. As another example, for a 0.8 mm PCB
for module 1520, USMt 1540 could have a height, z1, of approximately 2.2 mm.

[00195] Module 1530 represents a second add-in board, having one or more components
1532 mounted on the module board on a surface that includes the pads or contacts to which
USMt 1550 will connect. Module 1530 is mounted over the top of module 1520. USMt 1550
represents a top mount connector to connect module 1530 to system board 1510 over module

1520.
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[00196] Screw 1572 represents a screw at the "back" end of module 1530, which is the end
of module 1530 opposite USMt 1550. Screw 1572 has a head that secures to the PCB of module
1530, with threading that extends through the board of module 1530 and into system board
1510. In one example, system 1500 includes spacer or standoff 1512 to bridge the gap between
the board of module 1530 and system board 1510.

[00197] Screw 1574 represents a screw that secures USMt 1550 to module 1530. Screw 1576
represents a screw that secures USMt 1550 to system board 1510. In one example, screw 1574
has a head that rests within a recess in the connector associated with a screw hole. Screw 1574
extends into module 1530 but not out the other side. In one example, screw 1576 has a head
that rests within a recess in the connector associated with a screw hole.

[00198] In one example, USMt 1550 includes footing 1552, which could alternatively be
referred as a base or support. Footing 1552 represents a structure of USMt 1550 to provide
structural support to module 1530 when connecting module 1530 to system board 1510. When
module 1530 is supported at one end by screw 1572 secured to system board 1510 through
standoff 1512, and on the other end by USMt 1550, there can be significant stress on the board
through screw 1574. Footing 1552 extends USMt 1550 under the end or the edge of module
1530 that interfaces with USMt 1550. With footing 1552, USMt 1550 can contact the surface of
module 1530 that has the pads, as well as the opposite surface, as well as the edge of the
module board that connects the two surfaces. Footing 1552 can include a ledge or extension
that extends under module 1530 to allow a place for the edge of the board to rest or contact,
which reduces the force on the board by screw 1574 by transferring force onto the physical
contact of the board edge with the connector.

[00199] In one example, USMt 1550 has a height sufficient to leave air gap 1580 between
component 1522 and USMt 1540 and the bottom of module 1530, considering the surface of
module 1530 with the pads and component 1532 to be the top of the module. In one example,
instead of leaving an air gap, the space could be occupied by a material that provides electrical
isolation and thermal conductivity. Air gap 1580 can be any amount of space that makes sense

for a system architecture. In one example, air gap 1580 is approximately 0.4 mm.
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[00200] The height of USMt 1550 (identified as the z2 dimension) can depend on the
thickness of the module boards and how much space to leave under module 1530. For
example, for a 0.6 mm PCB for module 1530, USMt 1550 could have a height, z2, of
approximately 4.4 mm, providing clearance for module 1520 having a board thickness of 0.6
mm and components that have a height of approximately 1.4 mm.

[00201] Figure 16 is an example of a system configuration with a top mount USM connector
to mount an add-in board above another add-in board directly against a system board with
another top mount USM connector, where both add-in board are secured with a common
mounting screw. System 1600 provides an example of system 1500 of Figure 15, where the two
add-in boards share a back-of-the-board screw. Such a configuration could require extending
the board dimension of the top add-in board, or be more ideally suited for modules of different
size that can naturally take advantage of sharing the screw. Sharing the screw could be
beneficial not just for reducing the part count of the system, but for reducing screw holes to
allow more board space for signal routing on the system board. The descriptions of system
1600 are provided below for completeness.

[00202] System 1600 represents an example of a system with a top mount connector.
System board 1610 represents a board to which an add-in board can be connected, such as a
primary system board or a motherboard. System 1600 represents two add-in boards connected
to system board 1610. Module 1620 represents a first add-in board, having one or more
components 1622 mounted on the module board. USMt 1640 represents a top mount
connector to connect module 1620 to system board 1610. Module 1620 has no separate screw
for the back of the module, but shares screw 1672 with module 1630.

[00203] Screw 1664 represents a screw that secures USMt 1640 to module 1620. Screw 1666
represents a screw that secures USMt 1640 to system board 1610. In one example, screw 1664
has a head that rests within a recess in the connector associated with a screw hole. Screw 1664
extends into module 1620 but not into system board 1610. In one example, screw 1666 has a
head that rests within a recess in the connector associated with a screw hole.

[00204] The height of USMt 1640 (identified as the z1 dimension) can depend on the
thickness of the board of module 1620. For example, for a 0.6 mm PCB for module 1620, USMt
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1640 could have a height, z1, of approximately 2.0 mm. As another example, for a 0.8 mm PCB
for module 1620, USMt 1640 could have a height, z1, of approximately 2.2 mm.

[00205] Module 1630 represents a second add-in board, having one or more components
1632 mounted on the module board on a surface that includes the pads or contacts to which
USMt 1650 will connect. Module 1630 is mounted over the top of module 1620. USMt 1650
represents a top mount connector to connect module 1630 to system board 1610 over module
1620.

[00206] Screw 1672 represents a screw at the "back" end of module 1630, which is the end
of module 1630 opposite USMt 1650. Screw 1672 has a head that secures to the PCB of module
1630, with threading that extends through the board of module 1630, through the board of
module 1620, and into system board 1610. In one example, system 1600 includes standoff or
spacer 1624 to bridge the gap between the board of module 1630 and the board of module
1620.

[00207] Screw 1674 represents a screw that secures USMt 1650 to module 1630. Screw 1676
represents a screw that secures USMt 1650 to system board 1610. In one example, screw 1674
has a head that rests within a recess in the connector associated with a screw hole. Screw 1674
extends into module 1630 but not out the other side. In one example, screw 1676 has a head
that rests within a recess in the connector associated with a screw hole.

[00208] In one example, USMt 1650 includes footing 1652, which could alternatively be
referred as a base or support. Footing 1652 represents a structure of USMt 1650 to provide
structural support to module 1630 when connecting module 1630 to system board 1610. When
module 1630 is supported at one end by screw 1672 secured to system board 1610 through
standoff 1612, and on the other end by USMt 1650, there can be significant stress on the board
through screw 1674. Footing 1652 extends USMt 1650 under the end or the edge of module
1630 that interfaces with USMt 1650. With footing 1652, USMt 1650 can contact the surface of
module 1630 that has the pads, as well as the opposite surface, as well as the edge of the
module board that connects the two surfaces. Footing 1652 can include a ledge or extension

that extends under module 1630 to allow a place for the edge of the board to rest or contact,

Docket No.: AD3330-US -40-





which reduces the force on the board by screw 1674 by transferring force onto the physical
contact of the board edge with the connector.

[00209] In one example, USMt 1650 has a height sufficient to leave air gap 1680 between
component 1622 and USMt 1640 and the bottom of module 1630, considering the surface of
module 1630 with the pads and component 1632 to be the top of the module. In one example,
instead of leaving an air gap, the space could be occupied by a material that provides electrical
isolation and thermal conductivity. Air gap 1680 can be any amount of space that makes sense
for a system architecture. In one example, air gap 1680 is approximately 0.4 mm.

[00210] In one example, the moving of module 1620 back to share screw 1672 with module
1630 can leave room between USMt 1640 and USMt 1650 for one or more components 1622.
In one example, component 1622 can have a height of approximately 2.0 mm. There is no
requirement for component 1622 to be mounted on system board 1610, but the additional
space can allow for the use of the space to mount additional system board components under
module 1630.

[00211] The height of USMt 1650 (identified as the z2 dimension) can depend on the
thickness of the module boards and how much space to leave under module 1630. For
example, for a 0.6 mm PCB for module 1630, USMt 1650 could have a height, z2, of
approximately 4.4 mm, providing clearance for module 1620 having a board thickness of 0.6
mm and components that have a height of approximately 1.4 mm.

[00212] Figure 17 is an example of a system configuration with an add-in board mounted to
another add-in board with a top mount USM connector, which in turn connects to the system
board with a top mount USM connector. System 1700 represents an example of a system with
top mount connectors. System board 1710 represents a board to which an add-in board can be
connected, such as a primary system board or a motherboard. System 1700 represents two
add-in boards connected to system board 1710.

[00213] Module 1720 represents a first add-in board, having one or more components 1722
mounted on the module board. USMt 1740 represents a top mount connector to connect
module 1720 to module 1730, which is connected to system board 1710. Thus, in system 1700,

one module board (module 1730) is directly connected to system board 1710 through a USM
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connector, and another module board (module 1720) is indirectly connected to system board
1710 through module 1730. System 1700 can thus be thought of as a daisy-chain example, with
the daisy-chained board being mounted "under" the other module board.

[00214] Screw 1762 represents a screw at the "back" end of module 1720, which is the end
of module 1720 opposite USMt 1740. Screw 1762 has a head that secures to the PCB of module
1720, with threading that extends through the board of module 1720 and into module 1730 as
a carrier board.

[00215] Screw 1764 represents a screw that secures USMt 1740 to module 1720. Screw 1766
represents a screw that secures USMt 1740 to module 1730. In one example, screw 1764 has a
head that rests within a recess in the connector associated with a screw hole. Screw 1764
extends into module 1720 but not into module 1730. In one example, screw 1766 has a head
that rests within a recess in the connector associated with a screw hole.

[00216] The height of USMt 1740 (identified as the z1 dimension) can depend on the
thickness of the board of module 1720. For example, for a 0.6 mm PCB for module 1720, USMt
1740 could have a height, z1, of approximately 2.0 mm. As another example, for a 0.8 mm PCB
for module 1720, USMt 1740 could have a height, z1, of approximately 2.2 mm.

[00217] Module 1730 represents a second add-in board, having one or more components
1732 mounted on the module board on a surface that includes the pads or contacts to which
USMt 1750 will connect. USMt 1750 represents a top mount connector to connect module
1730, and to connect the combination of module 1730 and module 1720, to system board
1710.

[00218] Screw 1772 represents a screw at the "back" end of module 1730, which is the end
of module 1730 opposite USMt 1750. Screw 1772 has a head that secures to the PCB of module
1730, with threading that extends through the board of module 1730 and into system board
1710. In one example, system 1700 includes standoff or spacer 1712 to bridge the gap between
the board of module 1730 and system board 1710.

[00219] Screw 1774 represents a screw that secures USMt 1750 to module 1730. Screw 1776
represents a screw that secures USMt 1750 to system board 1710. In one example, screw 1774

has a head that rests within a recess in the connector associated with a screw hole. Screw 1774
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extends into module 1730 but not out the other side. In one example, screw 1776 has a head
that rests within a recess in the connector associated with a screw hole.

[00220] In one example, USMt 1750 includes footing 1752, which could alternatively be
referred as a base or support. Footing 1752 represents a structure of USMt 1750 to provide
structural support to module 1730 when connecting module 1730 to system board 1710. The
structure and purpose of footing 1752 can be the same or similar to what is described above.
[00221] In one example, USMt 1750 has a height sufficient to leave air gap 1780 between
component 1722 and system board 1710. In one example, instead of leaving an air gap, the
space could be occupied by a material that provides electrical isolation and thermal
conductivity. Air gap 1780 can be any amount of space that makes sense for a system
architecture. In one example, air gap 1780 is approximately 0.3 mm if module 1720 has a 0.8
mm board with component 1722 having a height of approximately 1.4 mm, or approximately
0.5 mm if module 1720 has a 0.6 mm board with component 1722 having a height of
approximately 1.4 mm.

[00222] The height of USMt 1750 (identified as the z2 dimension) can depend on the
thickness of the module boards and how much space to leave under module 1730. In one
example, USMt 1750 has a height, z2, of approximately 4.4 mm, providing clearance for module
1720 and an air gap.

[00223] Figure 18 is an example of a system configuration with a top mount USM connector
to mount an add-in board above another add-in board connected to the system board with an
inline USM connector. System 1800 represents an example of a system with a top mount
connector and an inline connector. System board 1810 represents a board to which an add-in
board can be connected, such as a primary system board or a motherboard. System 1800
represents two add-in boards connected to system board 1810.

[00224] Module 1820 represents a first add-in board, having one or more components 1822
mounted on the module board. USMi 1840 represents an inline connector to connect module
1820 to system board 1810. Screw 1862 represents a screw at the "back" end of module 1820,
which is the end of module 1820 opposite USMi 1840. Screw 1862 has a head that secures to
the PCB of module 1820, with threading that extends through the board of module 1820 and
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into chassis 1890. Chassis 1890 represents a system case or cover to which the computing
components of system 1800 are mounted as a system.

[00225] Screw 1864 represents a screw that secures USMi 1840 to module 1820. Screw 1866
represents a screw that secures USMi 1840 to system board 1810. In one example, screw 1864
has a head that rests within a recess in the connector associated with a screw hole. Screw 1864
extends into module 1820 but does not extend out the other side. In one example, screw 1866
has a head that rests within a recess in the connector associated with a screw hole. Screw 1866
extends into system board 1810 but does not extend out the other side.

[00226] Module 1830 represents a second add-in board, having one or more components
1832 mounted on the module board on a surface that includes the pads or contacts to which
USMt 1850 will connect. Module 1830 is mounted over the top of module 1820. USMt 1850
represents a top mount connector to connect module 1830 to system board 1810 over module
1820.

[00227] Screw 1872 represents a screw at the "back" end of module 1830, which is the end
of module 1830 opposite USMt 1850. Screw 1872 has a head that secures to the PCB of module
1830, with threading that extends through the board of module 1830 and into chassis 1890. In
one example, system 1800 includes spacer or standoff 1812 to bridge the gap between the
board of module 1830 and chassis 1890. As an alternative to the use of standoff 1812, chassis
1890 can have an extended standoff portion to reach all the way to module 1830.

[00228] Screw 1874 represents a screw that secures USMt 1850 to module 1830. Screw 1876
represents a screw that secures USMt 1850 to system board 1810. In one example, screw 1874
has a head that rests within a recess in the connector associated with a screw hole. Screw 1874
extends into module 1830 but not out the other side. In one example, screw 1876 has a head
that rests within a recess in the connector associated with a screw hole.

[00229] In one example, USMt 1850 includes footing 1852, which could alternatively be
referred as a base or support. Footing 1852 represents a structure of USMt 1850 to provide
structural support to module 1830 when connecting module 1830 to system board 1810. The

structure and operation of footing 1852 can be in accordance with what is described above.
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[00230] In one example, USMt 1850 has a height sufficient to leave air gap 1880 between
component 1822 and USMi 1840 and the bottom of module 1830, considering the surface of
module 1830 with the pads and component 1832 to be the top of the module. In one example,
instead of leaving an air gap, the space could be occupied by a material that provides electrical
isolation and thermal conductivity. Air gap 1880 can be any amount of space that makes sense
for a system architecture. In one example, air gap 1880 is approximately 0.4 mm.

[00231] The height of USMt 1850 (identified as the z2 dimension) can depend on the
thickness of the module boards and how much space to leave under module 1830. For
example, for a 0.6 mm PCB for module 1830, USMt 1850 could have a height, z2, of
approximately 3.8 mm, providing clearance for module 1820 having a board thickness of 0.6
mm and components that have a height of approximately 1.4 mm.

[00232] In system 1800, module 1820 is represented in the diagram as thinner than system
board 1810. In one example, module 1820 and system board 1810 have the same thickness. In
one example, module 1820 has a different board thickness than system board 1810. The inline
connector can connect boards inline whether the boards are the same thickness or different
thickness.

[00233] Figures 19A-19B illustrate an example of a system configuration with two top mount
USM connector to mount an add-in board above another add-in board.

[00234] Figure 19A illustrates a side view of system 1900. System 1900 represents an
example of a system with multiple top mount connectors to the same board. System board
1910 represents a board to which an add-in board can be connected, such as a primary system
board or a motherboard. System 1900 represents two add-in boards connected to system
board 1910.

[00235] Module 1920 represents a first add-in board, having one or more components 1922
mounted on the module board. USMt 1940 represents a top mount connector to connect
module 1920 to system board 1910. Screw 1962 represents a screw at the "back" end of
module 1920, which is the end of module 1920 opposite USMt 1940. Screw 1962 has a head
that secures to the PCB of module 1920, with threading that extends through the board of

module 1920 and into system board 1910.
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[00236] Screw 1964 represents a screw that secures USMt 1940 to module 1920. Screw 1966
represents a screw that secures USMt 1940 to system board 1910. In one example, screw 1964
has a head that rests within a recess in the connector associated with a screw hole. Screw 1964
extends into module 1920 but not into system board 1910. In one example, screw 1966 has a
head that rests within a recess in the connector associated with a screw hole.

[00237] The height of USMt 1940 (identified as the z1 dimension) can depend on the
thickness of the board of module 1920. For example, for a 0.6 mm PCB for module 1920, USMt
1940 could have a height, z1, of approximately 2.0 mm. As another example, for a 0.8 mm PCB
for module 1920, USMt 1940 could have a height, z1, of approximately 2.2 mm.

[00238] Module 1930 represents a second add-in board, having one or more components
1932 mounted on the module board on a surface that includes the pads or contacts to which
the USM connectors will connect. Module 1930 is mounted over the top of module 1920. USMt
1950 represents a top mount connector to connect module 1930 to system board 1910 over
module 1920 from one side of the module 1920. USMt 1970 represents a top mount connector
to connect module 1930 to system board 1910 over module 1920 from the opposite side of
module 1920 that USMt 1950 connects. Module 1920 includes pads for both USMt 1950 and for
UsMt 1970.

[00239] Screw 1954 represents a screw that secures USMt 1950 to module 1930. Screw 1956
represents a screw that secures USMt 1950 to system board 1910. In one example, screw 1954
has a head that rests within a recess in the connector associated with a screw hole. Screw 1954
extends into module 1930 but not out the other side. In one example, screw 1966 has a head
that rests within a recess in the connector associated with a screw hole.

[00240] Screw 1974 represents a screw that secures USMt 1970 to module 1930. Screw 1976
represents a screw that secures USMt 1970 to system board 1910. In one example, screw 1974
has a head that rests within a recess in the connector associated with a screw hole. Screw 1974
extends into module 1930 but not out the other side. In one example, screw 1976 has a head
that rests within a recess in the connector associated with a screw hole.

[00241] In one example, USMt 1950 includes footing 1952, which could alternatively be

referred as a base or support. Footing 1952 represents a structure of USMt 1950 to provide
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structural support to module 1930 when connecting module 1930 to system board 1910.
Footing 1952 extends USMt 1950 under the end or the edge of module 1930 that interfaces
with USMt 1950. With footing 1952, USMt 1950 can contact the surface of module 1930 that
has the pads, as well as the opposite surface, as well as the edge of the module board that
connects the two surfaces. Footing 1952 can include a ledge or extension that extends under
module 1930 to allow a place for the edge of the board to rest or contact, which reduces the
force on the board by screw 1974 by transferring force onto the physical contact of the board
edge with the connector.

[00242] In one example, USMt 1970 includes footing 1972, which could alternatively be
referred as a base or support. Footing 1972 represents a structure of USMt 1970 to provide
structural support to module 1930 when connecting module 1930 to system board 1910.
Footing 1972 extends USMt 1970 under the end or the edge of module 1930 that interfaces
with USMt 1970. With footing 1972, USMt 1970 can contact the surface of module 1930 that
has the pads, as well as the opposite surface, as well as the edge of the module board that
connects the two surfaces. Footing 1972 can include a ledge or extension that extends under
module 1930 to allow a place for the edge of the board to rest or contact, which reduces the
force on the board by screw 1974 by transferring force onto the physical contact of the board
edge with the connector.

[00243] In one example, USMt 1950 and USMt 1970 have a height sufficient to leave air gap
1980 between component 1922 and USMt 1940 and the bottom of module 1930, considering
the surface of module 1930 with the pads and component 1932 to be the top of the module. In
one example, instead of leaving an air gap, the space could be occupied by a material that
provides electrical isolation and thermal conductivity. Air gap 1980 can be any amount of space
that makes sense for a system architecture. In one example, air gap 1980 is approximately 0.4
mm.

[00244] The height of USMt 1950 and USMt 1970 (identified as the z2 dimension) can
depend on the thickness of the module boards and how much space to leave under module

1930. For example, for a 0.6 mm PCB for module 1930, USMt 1950 and USMt 1970 could have a
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height, z2, of approximately 4.4 mm, providing clearance for module 1920 having a board
thickness of 0.6 mm and components that have a height of approximately 1.4 mm.

[00245] Figure 19B illustrates a top view of system 1900. View 1902 is from the top of
system 1900, and the components are not necessarily illustrated to scale. The scale of view
1902 does not match the side view of system 1900 illustrated in Figure 19A.

[00246] View 1902 illustrates one or more components 1932 mounted directly to module
1930, which is in turn mounted to system board 1910 through two top mount connectors.
USMt 1970 connects between system board 1910 and module 1930 on one side, USMt 1950
connects between system board 1910 and module 1930 on the other side.

[00247] View 1902 illustrates screw 1974 to secure USMt 1970 to module 1930 and screw
1976 to secure USMt 1970 to system board 1910. View 1902 illustrates screw 1954 to secure
USMt 1950 to module 1930 and screw 1956 to secure USMt 1950 to system board 1910.
[00248] Figure 20 illustrates an example of a system configuration with four top mount USM
connector to mount an add-in board above another add-in board. System 2000 represents a
system that is similar to system 1900, in which the various elements are not necessarily
illustrated to scale. Whereas system 1900 illustrates two connectors to connect the module
board to the system board, system 2000 includes a module board connected to the system
board via four connectors.

[00249] View 2002 illustrates a side view of system 2000. View 2004 illustrates a top view of
system 2000. In view 2002, one of the connectors is not visible. View 2004 does not show a
module connected under module 2030, which can be partially seen in the side view of view
2002. The dashed lines illustrate module 2080, which is partially obscured behind USMt 2040,
and is not shown at all in view 2002, being under module 2030.

[00250] System board 2010 represents a board to which an add-in board can be connected,
such as a primary system board or a motherboard. System 2000 represents two add-in boards
connected to system board 2010. Module 2080 represents a first add-in board, having one or
more components mounted on the module board, where the module board is connected to

system board 2010 with a USMt connector (the components and USMt connector are not
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specifically labeled). Module 2080 can be connected to system board 2010 in accordance with
any description herein of a top mount connection with a module directly on the carrier board.
[00251] Module 2030 represents a second add-in board, having one or more components
2032 mounted on the module board on a surface that includes the pads or contacts to which
the USM connectors will connect. Module 2030 is mounted over the top of module 2080.
[00252] USMt 2040, USMt 2050, USMt 2060, and USMt 2070 connect module 2080 to
system board 2010. Each connector represents a top mount connector to connect a section of
pads of module 2030 to system board 2010. USMt 2040 and USMt 2060 are opposite each
other on parallel sides of module 2030, and USMt 2050 and USMt 2070 are opposite each on
the other parallel sides of module 2030.

[00253] Screws 2042 represent screws that secure USMt 2040 to module 2030. Screws 2044
represent screws that secure USMt 2040 to system board 2010. Screws 2052 represent screws
that secure USMt 2050 to module 2030. Screws 2054 represent screws that secure USMt 2050
to system board 2010. Screws 2062 represent screws that secure USMt 2060 to module 2030.
Screws 2064 represent screws that secure USMt 2060 to system board 2010. Screws 2072
represent screws that secure USMt 2070 to module 2030. Screws 2074 represent screws that
secure USMt 2040 to system board 2010.

[00254] In one example, the screws the secure the connector to the module board (e.g.,
screws 2052, screws 2072) have heads that rest within a recess in the connector associated
with a screw hole, as seen in view 2002. In one example, the screws that secure the connector
to the module board extend into module 2030 but not out the other side. The same
descriptions can apply to the screws not seen in view 2002 (i.e., screws 2042, screws 2062) that
also secure connectors to the module board.

[00255] In one example, the screws the secure the connector to the system board (e.g.,
screws 2054, screws 2074) have heads that rest within a recess in the connector associated
with a screw hole, as seen in view 2002. In one example, the screws that secure the connector
to the system board extend through the connector and into system board 2010. They may or

may not extend through the system board, for example, to a connection point on the system
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chassis. The same descriptions can apply to the screws not seen in view 2002 (i.e., screws 2044,
screws 2064) that also secure connectors to the system board.

[00256] In one example, USMt 2050 includes footing 2056, which could alternatively be
referred as a base or support. Footing 2056 represents a structure of USMt 2050 to provide
structural support to module 2030 when connecting module 2030 to system board 2010.
Footing 2056 extends USMt 2050 under the end or the edge of module 2030 that interfaces
with USMt 2050. With footing 2056, USMt 2050 can contact the surface of module 2030 that
has the pads, as well as the opposite surface, as well as the edge of the module board that
connects the two surfaces. Footing 2056 can include a ledge or extension that extends under
module 2030 to allow a place for the edge of the board to rest or contact. Similar descriptions
apply to footing 2076 of USMt 2070.

[00257] A footing for USMt 2040 and a footing for USMt 2060 are not visible. In one
example, both USMt 2040 and USMt 2060 includes respective footings, and the descriptions
above can apply to these footings or supports. In one example, when four or more USMt
connectors are used to connect one board to another, boards on longer edges of the add-in
module can include footings, while USMt connectors on the shorter edges of the add-in module
may or may not include footings.

[00258] In one example, USMt 2040, USMt 2050, USMt 2060, and USMt 2070 have a height
sufficient to leave an air gap module 2030 and module 2080. The air gap can be in accordance
with any description of an air gap under modules mounted above other modules.

[00259] The height of USMt 2040, USMt 2050, USMt 2060, and USMt 2070 (identified as the
z1 dimension) can depend on the thickness of the module boards and how much space to leave
under module 2030. For example, for a 0.6 mm PCB for module 2030, USMt 2040, USMt 2050,
USMt 2060, and USMt 2070 could have a height, z1, of approximately 4.4 mm, providing
clearance for module 1920 having a board thickness of 0.6 mm and components that have a
height of approximately 1.4 mm.

[00260] Figure 21 illustrates an example of a system configuration with inline, chained USM

connectors to connect an add-in board to a system board with wider I/0. The USM connectors
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of system 2100 provide example of inline USM connectors in accordance with any description
of an inline USM connector herein.

[00261] Instead of having only dedicated screw holes on the connectors, the connectors can
share one set of screw holes or both sets of screw holes with another USM connector. Such an
inline connector can be referred to as a USM inline chained connector, allowing the chaining
together of multiple USM connector for wider 1/0 than is possible with a single connector. The
chaining together of multiple USM connectors allows a much larger bandwidth without having
to make connectors of different widths.

[00262] System 2100 illustrates two types of chained connector or shared-screw-hole
connector, or three types of chained connector, depending on the arrangement of alignment
holes and alignment posts or other alignment mechanisms. Each example can have the same
internal structure as any other inline USM connector described. It will be understood that even
reversible connectors could be made reversible if both screw holes on both sides were left open
for a sharing configuration.

[00263] System I/O board 2110 includes pads to connect to corresponding pads on
component board 2120. System /O board 2110 can be a system board or motherboard. System
I/0 board 2110 can be a board designed specifically to connect to a wide I/O component board,
with other connections (not shown) to a system board.

[00264] USMic 2130 represents an inline connector having one edge that has non-shared
screw holes, and one edge for shared screw holes. The shared edge is adjacent another
connector. More specifically, the shared edge is adjacent the other connector and the two
connectors will share screws on the shared edge. The non-shared edge is not adjacent another
connector or not adjacent another connector with which it will share screws. USMic 2150 is
illustrated as a mirror image of USMic 2130. In one example, depending on the alignment
structures used in system 2100, USMic 2150 is designed the same as USMic 2130, and simply
spun around 180 degrees to share the screw holes on the other side. In one example,
depending on the alignment structures used in system 2100, USMic 2150 and USMic 2130 are

separate connectors, designed to share screw holes on opposite sides.
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[00265] USMic 2130 is illustrated with edge 2132 having screw holes that are not shared.
Screw 2162 represents a screw to connect edge 2132 of USMic 2130 to system 1/O board 2110.
Screw 2172 represents a screw to connect edge 2132 of USMic 2130 to component board 2120.
USMic 2130 is illustrated with edge 2134 having screw holes that are shared. Screw 2164
represents a screw to connect edge 2134 of USMic 2130 to system 1/O board 2110. Screw 2174
represents a screw to connect edge 2134 of USMic 2130 to component board 2120.

[00266] Again, USMic 2150 is oriented to share opposite edges. USMic 2150 is illustrated
with edge 2154 having screw holes that are not shared. Screw 2168 represents a screw to
connect edge 2154 of USMic 2150 to system 1/O board 2110. Screw 2178 represents a screw to
connect edge 2154 of USMic 2150 to component board 2120. USMic 2150 is illustrated with
edge 2152 having screw holes that are shared. Screw 2166 represents a screw to connect edge
2152 of USMic 2150 to system |/O board 2110. Screw 2176 represents a screw to connect edge
2152 of USMic 2150 to component board 2120.

[00267] USMic 2140 is illustrated as having both edges that share screw holes with an
adjacent connector. USMic 2140 is illustrated with edge 2142 having screw holes that are
shared with edge 2134 of USMic 2130. Screw 2164 thus connects edge 2134 of USMic 2130 and
edge 2142 of USMic 2140 to system I/O board 2110. Screw 2174 connects edge 2134 of USMic
2130 and edge 2142 of USMic 2140 to component board 2120. USMic 2140 is illustrated with
edge 2144 having screw holes that are shared with edge 2152 of USMic 2150. Screw 2166 thus
connects edge 2144 of USMic 2140 and edge 2152 of USMic 2150 to system |/O board 2110.
Screw 2176 connects edge 2144 of USMic 2140 and edge 2152 of USMic 2150 to component
board 2120.

[00268] It will be understood that other connection configurations are possible. Any number
of inline chained connectors can be chained together, such as having multiple connectors that
share screw holes on both edges. In one example, no connectors that share on both edges are
used, having one connector sharing on one edge and not sharing on one edge, and a mirror
image connector chained with it.

[00269] Figure 22A is an example of a representation of an inline, chained USM connector

with one side having shared screw holes. Connector 2210 provides an example of connector
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600, with screw holes on one side being open instead of complete circles. Rather, connector
600 has all screw holes that are complete circles and connector 2210 includes screw holes on
one edge that are complete circles and screw holes on the other edge that are open, and are
semicircles. The dimensions and sizing for connector 2210 can be the same as for connector
600, adjusting appropriately for having open, shared screw holes on one side.

[00270] Thus, connector 2210 includes edge 2212 with screw hole 2222 and screw hole
2226, which are both closed circles. Connector 2210 includes edge 2214 with screw hole 2224
and screw hole 2228, which are both open screw holes, represented as semicircles.

[00271] Figure 22B is an example of a representation of an inline, chained USM connector
with both sides having shared screw holes. Connector 2230 provides an example of connector
600, with screw holes on both sides being open instead of complete circles. Rather, connector
600 has all screw holes that are complete circles and connector 2230 includes all screw holes
that are open, and are semicircles. The dimensions and sizing for connector 2230 can be the
same as for connector 600, adjusting appropriately for having open, shared screw holes on both
sides.

[00272] Thus, connector 2230 includes edge 2232 with screw hole 2242 and screw hole
2246, which are both open, partial circles. Connector 2230 includes edge 2234 with screw hole
2244 and screw hole 2248, which are both open, partial circles, represented as semicircles.
[00273] Figure 23 illustrates an example of a system configuration with inline, chained USM
connectors to connect boards together. System 2300 illustrates other possible combinations of
connections with inline chained connectors. The inline chained connectors can be USMic
connectors, and can be inline connectors in accordance with any description above.

[00274] System 2300 includes board 2312 connected to board 2314 with connector 2320
and connector 2330 chained together. Board 2314 is also connected to board 2316 with
connector 2340, connector 2350, and connector 2360 chained together. System 2300 also
includes a representation of a side view of board 2312 with connector 2320 and connector
2330 chained together.

[00275] As illustrated, connector 2320 includes screw holes 2322 on a non-shared edge of

connector 2320. One of the screws secures the connector to board 2312 and the other secures
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the connector to board 2314. Similarly, connector 2330 includes screw holes 2332 on a non-
shared edge of connector 2330. One of the screws secures the connector to board 2312 and
the other secures the connector to board 2314.

[00276] Screw holes 2372 are screw holes that are formed by one shared edge of connector
2320 and by one shared edge of connector 2330. Screws in the shared screw holes can be
referred to as shared screws, and correspond to shared connector edges. One of the shared
screws will secure connector 2320 and connector 2330 to board 2312 and the other screw will
secure the connectors to board 2314.

[00277] System 2200 includes a close-up view of area 2270. In the close-up view, screw holes
2372 are illustrates with one screw in place and the other screw hole empty. The screw hole
having a screw can show how the screw secures both connector 2230 and connector 2330. The
screw hole without the screw shows how the two open screw holes of the share edges of the
connectors form a complete screw hole. There will be one screw hole in the board
corresponding to the shared screw hole of the two connectors.

[00278] The alignment mechanisms can ensure proper alignment of the connectors on the
board, allowing the share screw to secure both connectors on the shared edge. The close-up
view illustrates that the shared edge can have a recessed semicircle 2374, which matches the
closed screw hole, except that it is only part of the circle. System 2300 does not illustrate other
close-up views, but all shared edges can appear the same or approximately the same as area
2270.

[00279] As illustrated, connector 2340 includes screw holes 2342 on a non-shared edge of
connector 2340. One of the screws secures the connector to board 2314 and the other secures
the connector to board 2316. Similarly, connector 2360 includes screw holes 2362 on a non-
shared edge of connector 2360. One of the screws secures the connector to board 2314 and
the other secures the connector to board 2316.

[00280] Connector 2350 includes only shared edges. Screw holes 2352 are screw holes that
are formed by one shared edge of connector 2340 and one shared edge of connector 2350. One
of the shared screws will secure connector 2340 and connector 2350 to board 2314 and the

other screw will secure the connectors to board 2316.
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[00281] Screw holes 2354 are screw holes that are formed by one shared edge of connector
2350 and one shared edge of connector 2360. One of the shared screws will secure connector
2350 and connector 2360 to board 2314 and the other screw will secure the connectors to
board 2316.

[00282] Figure 24 is a block diagram of an example of board layouts for use with a USM
connector. System 2400 illustrates motherboard 2410 having one row of pads 2412 and add-in
2420 has a corresponding row of pads 2422. Screw holes 2430 receive screws that will secure
the boards to each other with connector 2450. Connector 2450 includes leads, alignment
features, and a cover in accordance with any example described. Connector 2450 keys to
alignment features 2440 in motherboard 2410 and add-in 2420.

[00283] Connector 2450 has a generally rectangular outline with electrical leads aligned in a
row extending along a long length of the rectangular outline, with a pair of screw holes 2430 on
either end of the electrical leads. The leads extend across the short distance of the rectangle to
bridge from pads 2412 to pads 2422.

[00284] Reference to motherboard 2410 is a non-limiting example. The motherboard can
represent any system board. While the configuration of system 2400 illustrates motherboard
2410 having an edge prior to add-in 2420, it will be understood that such a configuration is
merely one example. In one example, motherboard 2410 and add-in 2420 will meet edge to
edge for use with an inline connector. In one example, add-in 2420 can at least partially overlap
motherboard 2410 for use with a top mount connector.

[00285] Figure 25 is a block diagram of an example of board layouts for use with a USM
connector that has two groups of connectors. System 2500 illustrates motherboard 2510 having
two rows of pads 2512 and pads 2514 and add-in 2520 has corresponding two rows of pads
2522 and pads 2524. Screw holes 2532, screw holes 2534, and screw holes 2536 receive screws
that will secure the boards to each other with connector 2550. Connector 2550 includes two
groups of leads, two groups of alignment features, and a cover in accordance with any example
described. Connector 2550 keys to alignment features 2542 and alignment features 2544 in

motherboard 2510 and add-in 2520.
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[00286] Connector 2550 has a generally rectangular outline with electrical leads aligned in
rows extending along a long length of the rectangular outline, with electrical leads to connect
pads 2512 to pads 2522 between a pair of screw holes 2532 and a pair of screw holes 2536.
Connector 2550 also includes electrical leads to connect pads 2514 to pads 2524 between a pair
of screw holes 2534 and the pair of screw holes 2536. Thus, connector 2550 includes screw
holes for screws on either short edge as well as screw holes for screws in the middle of the
length of the connector, between the two groups of electrical leads.

[00287] Reference to motherboard 2510 is a non-limiting example. The motherboard can
represent any system board. While the configuration of system 2500 illustrates motherboard
2510 being edge to edge with add-in 2520, it will be understood that such a configuration is
merely one example. In one example, motherboard 2510 and add-in 2520 will meet edge to
edge for use with an inline connector. In one example, add-in 2520 can at least partially overlap
motherboard 2510 for use with a top mount connector.

[00288] Figure 26 is a block diagram of an example of board layouts for daisy-chaining add-in
boards with USM connectors. System 2600 illustrates a piggyback or daisy-chain configuration.
System 2600 illustrates motherboard 2610 having one row of pads 2612 and add-in 2620
having a corresponding row of pads 2622. Screw holes 2652 receive screws that will secure
motherboard 2610 to add-in 2620 with connector 2662. Connector 2662 includes leads,
alignment features, and a cover in accordance with any example described. Connector 2662
keys to alignment features 2642 in motherboard 2610 and add-in 2620.

[00289] System 2600 also includes add-in 2630 having one row of pads 2632 and add-in 2620
having a corresponding row of pads 2624. Screw holes 2654 receive screws that will secure add-
in 2620 to add-in 2630 with connector 2664. Connector 2664 includes leads, alignment
features, and a cover in accordance with any example described. Connector 2664 keys to
alignment features 2644 in add-in 2620 and add-in 2630. In one example, add-in 2630 also
includes screw holes 2656 to secure add-in 2630 to a system chassis. When connecting one
add-in to another add-in, the two add-in will have surfaces with pads that are generally co-

planar with each other, just as the first add-in will be co-planar with the motherboard.
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[00290] Connector 2662 has a generally rectangular outline with electrical leads aligned in a
row extending along a long length of the rectangular outline, with a pair of screw holes 2652 on
either end of the electrical leads. The leads extend across the short distance of the rectangle to
bridge from pads 2612 to pads 2622.

[00291] Connector 2664 has a generally rectangular outline with electrical leads aligned in a
row extending along a long length of the rectangular outline, with a pair of screw holes 2654 on
either end of the electrical leads. The leads extend across the short distance of the rectangle to
bridge from pads 2624 to pads 2632.

[00292] Reference to motherboard 2610 is a non-limiting example. The motherboard can
represent any system board. While the configuration of system 2600 illustrates motherboard
2610 being edge to edge with add-in 2620, it will be understood that such a configuration is
merely one example. In one example, motherboard 2610 and add-in 2620 will meet edge to
edge for use with an inline connector. In one example, add-in 2620 can at least partially overlap
motherboard 2610 for use with a top mount connector. Similarly, the connection between add-
in 2620 and add-in 2630 can be via inline connector or top mount connector.

[00293] Figure 27 is a block diagram of an example of board layouts for daisy-chaining add-in
boards with USM connectors of different sizes. System 2700 illustrates another piggyback or
daisy-chain configuration. System 2700 illustrates motherboard 2710 having two rows of pads
2712 and pads 2714 and add-in 2720 has corresponding two rows of pads 2722 and pads 2724.
Screw holes 2752 include three pairs of screw holes for corresponding three pairs of screws to
secure motherboard 2710 to add-inn 2720 with connector 2762. Connector 2762 includes two
groups of leads, two groups of alignment features, and a cover in accordance with any example
described. Connector 2762 keys to alighnment features 2742 and alignment features 2744 in
motherboard 2710 and add-in 2720.

[00294] System 2700 also includes add-in 2730 having one row of pads 2732 and add-in 2720
having a corresponding third row of pads 2726. Screw holes 2754 includes two pairs of screw
holes to receive two pairs of screws that will secure add-in 2720 to add-in 2730 with connector
2764. Connector 2764 includes leads, alignment features, and a cover in accordance with any

example described. Connector 2764 keys to alignment features 2746 in add-in 2720 and add-in
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2730. In one example, add-in 2730 also includes screw holes at the other end to secure add-in
2730 to a system chassis.

[00295] Connector 2762 has a generally rectangular outline with electrical leads aligned in
rows extending along a long length of the rectangular outline, with electrical leads to connect
pads 2712 to pads 2722 between a pair of screw holes, one on one short edge and the other in
the middle. Connector 2762 also includes electrical leads to connect pads 2714 to pads 2724
between a pair of screw holes, one on the other short edge, and the pair of screw holes in the
middle. Thus, connector 2762 includes screw holes for screws on either short edge as well as
screw holes for screws in the middle of the length of the connector, between the two groups of
electrical leads.

[00296] Connector 2764 has a generally rectangular outline with electrical leads aligned in a
row extending along a long length of the rectangular outline, with a pair of screw holes 2754 on
either end of the electrical leads. The leads extend across the short distance of the rectangle to
bridge from pads 2726 to pads 2732.

[00297] The configuration of system 2700 is useful to connect add-in 2730 to motherboard
2710 through add-in 2720. In one example, some of the pads connecting add-in 2720 to
motherboard 2710 are simply pass-through signal lines to connect to add-in 2730. As
illustrated, add-in 2730 includes half as many signal lines as add-in 2720 (e.g., N signal lines for
add-in 2730 and 2N signal lines for add-in 2720). The difference in signal lines does not have to
be an even multiple, but could be any number difference. In one example, some of the signal
lines that connect between add-in 2730 and motherboard 2710 are shared or doubled up with
add-in 2720. Thus, the connection between add-in 2720 and motherboard 2710 does not have
to include dedicated passthrough signal lines for add-in 2730.

[00298] Reference to motherboard 2710 is a non-limiting example. The motherboard can
represent any system board. While the configuration of system 2700 illustrates motherboard
2710 being edge to edge with add-in 2720, it will be understood that such a configuration is
merely one example. In one example, motherboard 2710 and add-in 2720 will meet edge to

edge for use with an inline connector. In one example, add-in 2720 can at least partially overlap
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motherboard 2710 for use with a top mount connector. Similarly, the connection between add-
in 2720 and add-in 2730 can be via inline connector or top mount connector.

[00299] Figure 28 is a block diagram of an example of board layouts for use with a reversible
USM connector. The reversible connector will be an inline connector. System 2800 illustrates
motherboard (or system board) 2810 having two rows of pads 2812 and pads 2814. System
2800 illustrates alternative add-in boards to be used with motherboard 2810.

[00300] In one example, system 2800 includes add-in 2820 with a row of pads 2822 that
corresponds to pads 2812 of motherboard 2810. Screw holes 2852 receive screws that will
secure add-in 2820 to motherboard 2810 with connector 2860-1, which represents connector
2860 in a first orientation. Connector 2860 includes leads, alignment features, and a cover in
accordance with any example of a reversible connector described. In the first orientation,
connector 2860 keys to alignment features 2842 in motherboard 2810 and add-in 2820.
[00301] In one example, system 2800 includes add-in 2830 with row of pads 2832 that
corresponds to pads 2814 of motherboard 2810. Screw holes 2854 receive screws that will
secure add-in 2830 to motherboard 2810 with connector 2860-2, which represents connector
2860 in a second orientation. In the second orientation, connector 2860 keys to alignment
features 2844 in motherboard 2810 and add-in 2830.

[00302] Connector 2860 has a generally rectangular outline with electrical leads aligned in a
row extending along a long length of the rectangular outline, with a pair of screw holes on
either end of the electrical leads. The leads extend across the short distance of the rectangle to
bridge from pads on one board to pads on another board. The arrows of connector 2860
illustrate the difference in orientation of connector 2860. In orientation 1, it is observed that
the arrows point to the top of the page of system 2800. In orientation 2, the arrows point to the
bottom of the page of system 2800, representing that reversing the connector enables
switching from connecting to one group of pads (2812) to another group of pads (2814). The
add-in boards will include pads in a configuration for a desired connection with motherboard
2810.

[00303] Figure 29 is a block diagram of an example of a computing system in which an add-in

board connected with a USM connector can be implemented. System 2900 represents a
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computing device in accordance with any example herein, and can be a laptop computer, a
desktop computer, a tablet computer, a server, a gaming or entertainment control system,
embedded computing device, or other electronic device. System 2900 provides an example of a
system that can implement add-in cards connected to a motherboard or to each other with any
example of a low profile connector or USM connector provided.

[00304] In one example, system 2900 includes add-in 2990 connected to interface 2914 via
connector (CONN) 2992, which represents any example of a low profile connector or USM
connector. The low profile connector can include a top mount connector, an inline connector,
or a combination of modules with a top mount connector and an inline connector. In one
example, add-in 2990 is a wireless communication card, and could thus be an example of a
network interface 2950 or I/O interface 2960. In one example, add-in 2990 is an SSD, and could
thus be an example of storage subsystem 2980.

[00305] System 2900 includes processor 2910 can include any type of microprocessor,
central processing unit (CPU), graphics processing unit (GPU), processing core, or other
processing hardware, or a combination, to provide processing or execution of instructions for
system 2900. Processor 2910 can be a host processor device. Processor 2910 controls the
overall operation of system 2900, and can be or include, one or more programmable general-
purpose or special-purpose microprocessors, digital signal processors (DSPs), programmable
controllers, application specific integrated circuits (ASICs), programmable logic devices (PLDs),
or a combination of such devices.

[00306] In one example, system 2900 includes interface 2912 coupled to processor 2910,
which can represent a higher speed interface or a high throughput interface for system
components that need higher bandwidth connections, such as memory subsystem 2920 or
graphics interface components 2940. Interface 2912 represents an interface circuit, which can
be a standalone component or integrated onto a processor die. Interface 2912 can be
integrated as a circuit onto the processor die or integrated as a component on a system on a
chip. Where present, graphics interface 2940 interfaces to graphics components for providing a
visual display to a user of system 2900. Graphics interface 2940 can be a standalone component

or integrated onto the processor die or system on a chip. In one example, graphics interface
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2940 can drive a high definition (HD) display or ultra high definition (UHD) display that provides
an output to a user. In one example, the display can include a touchscreen display. In one
example, graphics interface 2940 generates a display based on data stored in memory 2930 or
based on operations executed by processor 2910 or both.

[00307] Memory subsystem 2920 represents the main memory of system 2900, and provides
storage for code to be executed by processor 2910, or data values to be used in executing a
routine. Memory subsystem 2920 can include one or more memory devices 2930 such as read-
only memory (ROM), flash memory, one or more varieties of random-access memory (RAM)
such as DRAM, 3DXP (three-dimensional crosspoint), or other memory devices, or a
combination of such devices. Memory 2930 stores and hosts, among other things, operating
system (OS) 2932 to provide a software platform for execution of instructions in system 2900.
Additionally, applications 2934 can execute on the software platform of OS 2932 from memory
2930. Applications 2934 represent programs that have their own operational logic to perform
execution of one or more functions. Processes 2936 represent agents or routines that provide
auxiliary functions to OS 2932 or one or more applications 2934 or a combination. OS 2932,
applications 2934, and processes 2936 provide software logic to provide functions for system
2900. In one example, memory subsystem 2920 includes memory controller 2922, which is a
memory controller to generate and issue commands to memory 2930. It will be understood
that memory controller 2922 could be a physical part of processor 2910 or a physical part of
interface 2912. For example, memory controller 2922 can be an integrated memory controller,
integrated onto a circuit with processor 2910, such as integrated onto the processor die or a
system on a chip.

[00308] While not specifically illustrated, it will be understood that system 2900 can include
one or more buses or bus systems between devices, such as a memory bus, a graphics bus,
interface buses, or others. Buses or other signal lines can communicatively or electrically couple
components together, or both communicatively and electrically couple the components. Buses
can include physical communication lines, point-to-point connections, bridges, adapters,
controllers, or other circuitry or a combination. Buses can include, for example, one or more of

a system bus, a Peripheral Component Interconnect (PCl) bus, a HyperTransport or industry
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standard architecture (ISA) bus, a small computer system interface (SCSI) bus, a universal serial
bus (USB), or other bus, or a combination.

[00309] In one example, system 2900 includes interface 2914, which can be coupled to
interface 2912. Interface 2914 can be a lower speed interface than interface 2912. In one
example, interface 2914 represents an interface circuit, which can include standalone
components and integrated circuitry. In one example, multiple user interface components or
peripheral components, or both, couple to interface 2914. Network interface 2950 provides
system 2900 the ability to communicate with remote devices (e.g., servers or other computing
devices) over one or more networks. Network interface 2950 can include an Ethernet adapter,
wireless interconnection components, cellular network interconnection components, USB
(universal serial bus), or other wired or wireless standards-based or proprietary interfaces.
Network interface 2950 can exchange data with a remote device, which can include sending
data stored in memory or receiving data to be stored in memory.

[00310] In one example, system 2900 includes one or more input/output (I/0) interface(s)
2960. I/0 interface 2960 can include one or more interface components through which a user
interacts with system 2900 (e.g., audio, alphanumeric, tactile/touch, or other interfacing).
Peripheral interface 2970 can include any hardware interface not specifically mentioned above.
Peripherals refer generally to devices that connect dependently to system 2900. A dependent
connection is one where system 2900 provides the software platform or hardware platform or
both on which operation executes, and with which a user interacts.

[00311] In one example, system 2900 includes storage subsystem 2980 to store data in a
nonvolatile manner. In one example, in certain system implementations, at least certain
components of storage 2980 can overlap with components of memory subsystem 2920.
Storage subsystem 2980 includes storage device(s) 2984, which can be or include any
conventional medium for storing large amounts of data in a nonvolatile manner, such as one or
more magnetic, solid state, 3DXP, or optical based disks, or a combination. Storage 2984 holds
code or instructions and data 2986 in a persistent state (i.e., the value is retained despite
interruption of power to system 2900). Storage 2984 can be generically considered to be a

"memory," although memory 2930 is typically the executing or operating memory to provide

Docket No.: AD3330-US -62-





instructions to processor 2910. Whereas storage 2984 is nonvolatile, memory 2930 can include
volatile memory (i.e., the value or state of the data is indeterminate if power is interrupted to
system 2900). In one example, storage subsystem 2980 includes controller 2982 to interface
with storage 2984. In one example controller 2982 is a physical part of interface 2914 or
processor 2910, or can include circuits or logic in both processor 2910 and interface 2914.
[00312] Power source 2902 provides power to the components of system 2900. More
specifically, power source 2902 typically interfaces to one or multiple power supplies 2904 in
system 2900 to provide power to the components of system 2900. In one example, power
supply 2904 includes an AC to DC (alternating current to direct current) adapter to plug into a
wall outlet. Such AC power can be renewable energy (e.g., solar power) power source 2902. In
one example, power source 2902 includes a DC power source, such as an external AC to DC
converter. In one example, power source 2902 or power supply 2904 includes wireless charging
hardware to charge via proximity to a charging field. In one example, power source 2902 can
include an internal battery or fuel cell source.

[00313] Figure 30 is a block diagram of an example of a mobile device in which an add-in
board connected with a USM connector can be implemented. System 3000 represents a mobile
computing device, such as a computing tablet, a mobile phone or smartphone, wearable
computing device, or other mobile device, or an embedded computing device. It will be
understood that certain of the components are shown generally, and not all components of
such a device are shown in system 3000. System 3000 provides an example of a system that can
implement add-in cards connected to a motherboard or to each other with any example of a
low profile connector or USM connector provided.

[00314] In one example, system 3000 includes one or more components implemented as
add-in modules connected with low profile connectors or USM connectors. The low profile
connector can include a top mount connector, an inline connector, or a combination of
modules with a top mount connector and an inline connector. In one example, connectivity
3070 represents wireless connectivity for system 3000, and is connected to a processor SOC for
processor 3010 via connector 3092. Connector 3092 represents an example of a low profile

connector or a USM connector in accordance with any example provided. In one example, one
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or more peripherals of peripheral connections 3080 are connected with a low profile connector,
although the connector is not explicitly shown in system 3000. In one example, memory
subsystem 3060 includes nonvolatile (NV) memory 3066, which can be a nonvolatile storage
board connected to processor 3010 by low profile connector 3094. Connector 3094 can be an
example of a low profile connector in accordance with any example provided.

[00315] System 3000 includes processor 3010, which performs the primary processing
operations of system 3000. Processor 3010 can be a host processor device. Processor 3010 can
include one or more physical devices, such as microprocessors, application processors,
microcontrollers, programmable logic devices, or other processing means. The processing
operations performed by processor 3010 include the execution of an operating platform or
operating system on which applications and device functions are executed. The processing
operations include operations related to I/O (input/output) with a human user or with other
devices, operations related to power management, operations related to connecting system
3000 to another device, or a combination. The processing operations can also include
operations related to audio I/0O, display 1/0O, or other interfacing, or a combination. Processor
3010 can execute data stored in memory. Processor 3010 can write or edit data stored in
memory.

[00316] In one example, system 3000 includes one or more sensors 3012. Sensors 3012
represent embedded sensors or interfaces to external sensors, or a combination. Sensors 3012
enable system 3000 to monitor or detect one or more conditions of an environment or a device
in which system 3000 is implemented. Sensors 3012 can include environmental sensors (such as
temperature sensors, motion detectors, light detectors, cameras, chemical sensors (e.g., carbon
monoxide, carbon dioxide, or other chemical sensors)), pressure sensors, accelerometers,
gyroscopes, medical or physiology sensors (e.g., biosensors, heart rate monitors, or other
sensors to detect physiological attributes), or other sensors, or a combination. Sensors 3012
can also include sensors for biometric systems such as fingerprint recognition systems, face
detection or recognition systems, or other systems that detect or recognize user features.
Sensors 3012 should be understood broadly, and not limiting on the many different types of

sensors that could be implemented with system 3000. In one example, one or more sensors
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3012 couples to processor 3010 via a frontend circuit integrated with processor 3010. In one
example, one or more sensors 3012 couples to processor 3010 via another component of
system 3000.

[00317] In one example, system 3000 includes audio subsystem 3020, which represents
hardware (e.g., audio hardware and audio circuits) and software (e.g., drivers, codecs)
components associated with providing audio functions to the computing device. Audio
functions can include speaker or headphone output, as well as microphone input. Devices for
such functions can be integrated into system 3000, or connected to system 3000. In one
example, a user interacts with system 3000 by providing audio commands that are received and
processed by processor 3010.

[00318] Display subsystem 3030 represents hardware (e.g., display devices) and software
components (e.g., drivers) that provide a visual display for presentation to a user. In one
example, the display includes tactile components or touchscreen elements for a user to interact
with the computing device. Display subsystem 3030 includes display interface 3032, which
includes the particular screen or hardware device used to provide a display to a user. In one
example, display interface 3032 includes logic separate from processor 3010 (such as a graphics
processor) to perform at least some processing related to the display. In one example, display
subsystem 3030 includes a touchscreen device that provides both output and input to a user. In
one example, display subsystem 3030 includes a high definition (HD) or ultra-high definition
(UHD) display that provides an output to a user. In one example, display subsystem includes or
drives a touchscreen display. In one example, display subsystem 3030 generates display
information based on data stored in memory or based on operations executed by processor
3010 or both.

[00319] 1/O controller 3040 represents hardware devices and software components related
to interaction with a user. 1/O controller 3040 can operate to manage hardware that is part of
audio subsystem 3020, or display subsystem 3030, or both. Additionally, /O controller 3040
illustrates a connection point for additional devices that connect to system 3000 through which
a user might interact with the system. For example, devices that can be attached to system

3000 might include microphone devices, speaker or stereo systems, video systems or other
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display device, keyboard or keypad devices, buttons/switches, or other 1/O devices for use with
specific applications such as card readers or other devices.

[00320] As mentioned above, I/O controller 3040 can interact with audio subsystem 3020 or
display subsystem 3030 or both. For example, input through a microphone or other audio
device can provide input or commands for one or more applications or functions of system
3000. Additionally, audio output can be provided instead of or in addition to display output. In
another example, if display subsystem includes a touchscreen, the display device also acts as an
input device, which can be at least partially managed by I/O controller 3040. There can also be
additional buttons or switches on system 3000 to provide 1/O functions managed by I/O
controller 3040.

[00321] In one example, I/O controller 3040 manages devices such as accelerometers,
cameras, light sensors or other environmental sensors, gyroscopes, global positioning system
(GPS), or other hardware that can be included in system 3000, or sensors 3012. The input can
be part of direct user interaction, as well as providing environmental input to the system to
influence its operations (such as filtering for noise, adjusting displays for brightness detection,
applying a flash for a camera, or other features).

[00322] In one example, system 3000 includes power management 3050 that manages
battery power usage, charging of the battery, and features related to power saving operation.
Power management 3050 manages power from power source 3052, which provides power to
the components of system 3000. In one example, power source 3052 includes an AC to DC
(alternating current to direct current) adapter to plug into a wall outlet. Such AC power can be
renewable energy (e.g., solar power, motion based power). In one example, power source 3052
includes only DC power, which can be provided by a DC power source, such as an external AC to
DC converter. In one example, power source 3052 includes wireless charging hardware to
charge via proximity to a charging field. In one example, power source 3052 can include an
internal battery or fuel cell source.

[00323] Memory subsystem 3060 includes memory device(s) for storing information in
system 3000. Memory subsystem 3060 can include nonvolatile (NV) memory 3066 (state does

not change if power to the memory device is interrupted) or volatile memory 3064 (state is
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indeterminate if power to the memory device is interrupted), or a combination of volatile and
nonvolatile memory. Memory subsystem 3060 can store application data, user data, music,
photos, documents, or other data, as well as system data (whether long-term or temporary)
related to the execution of the applications and functions of system 3000. In one example,
memory subsystem 3060 includes controller 3062 (which could also be considered part of the
control of system 3000, and could potentially be considered part of processor 3010). Controller
3062 includes a scheduler to generate and issue commands to control access to a controlled
memory device, volatile memory 3064 or NV memory 3066. In one example, controller
represents more than one controller. In one example, memory subsystem 3060 includes
different controllers for volatile memory and nonvolatile memory.

[00324] Connectivity 3070 includes hardware devices (e.g., wireless or wired connectors and
communication hardware, or a combination of wired and wireless hardware) and software
components (e.g., drivers, protocol stacks) to enable system 3000 to communicate with
external devices. The external device could be separate devices, such as other computing
devices, wireless access points or base stations, as well as peripherals such as headsets,
printers, or other devices. In one example, system 3000 exchanges data with an external device
for storage in memory or for display on a display device. The exchanged data can include data
to be stored in memory, or data already stored in memory, to read, write, or edit data.

[00325] Connectivity 3070 can include multiple different types of connectivity. To generalize,
system 3000 is illustrated with cellular connectivity 3072 and wireless connectivity 3074.
Cellular connectivity 3072 refers generally to cellular network connectivity provided by wireless
carriers, such as provided via GSM (global system for mobile communications) or variations or
derivatives, CDMA (code division multiple access) or variations or derivatives, TDM (time
division multiplexing) or variations or derivatives, LTE (long term evolution — also referred to as
"4G"), 5G, or other cellular service standards. Wireless connectivity 3074 refers to wireless
connectivity that is not cellular, and can include personal area networks (such as Bluetooth),
local area networks (such as WiFi), or wide area networks (such as WiMax), or other wireless

communication, or a combination. Wireless communication refers to transfer of data through
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the use of modulated electromagnetic radiation through a non-solid medium. Wired
communication occurs through a solid communication medium.

[00326] Peripheral connections 3080 include hardware interfaces and connectors, as well as
software components (e.g., drivers, protocol stacks) to make peripheral connections. It will be
understood that system 3000 could both be a peripheral device ("to" 3082) to other computing
devices, as well as have peripheral devices ("from" 3084) connected to it. System 3000
commonly has a "docking" connector to connect to other computing devices for purposes such
as managing (e.g., downloading, uploading, changing, synchronizing) content on system 3000.
Additionally, a docking connector can allow system 3000 to connect to certain peripherals that
allow system 3000 to control content output, for example, to audiovisual or other systems.
[00327] In addition to a proprietary docking connector or other proprietary connection
hardware, system 3000 can make peripheral connections 3080 via common or standards-based
connectors. Common types can include a Universal Serial Bus (USB) connector (which can
include any of a number of different hardware interfaces), DisplayPort including
MiniDisplayPort (MDP), High Definition Multimedia Interface (HDMI), or other type.

[00328] In general with respect to the descriptions herein, in one example a board-to-board
connector includes: a lead frame including electrical leads to bridge from first pads on a surface
of a first printed circuit board (PCB) to second pads on a surface of a second PCB when the
surface of the first PCB and the surface of the second PCB are substantially co-planar; an
alignment frame to hold the lead frame, including posts to mate with first alignment holes of
the first PCB and with second alighment holes of the second PCB; and an electrically conductive
cover to secure over the alignment frame, the cover including openings to receive screws to
secure the cover to first screw holes in the first PCB and second screw holes in the second PCB,
the cover to electrically couple via the screws to a first ground plane of the first PCB and to a
second ground plane of the second PCB.

[00329] In one example of the connector, in one example, the electrical leads comprise arch-
shaped springs, wherein the electrical leads are to flex to push contact points against the first
pads and the second pads when the cover receives the screws. In accordance with any

preceding example of the connector, in one example, the lead frame is to bridge from the first
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pads on the surface of the first PCB to the second pads on the surface of the second PCB, and
where the connector does not connect to pads on an opposite surface of the second PCB. In
accordance with any preceding example of the connector, in one example, the posts include a
first pair of posts to mate with a pair of first alignment holes of the first PCB and a second pair
of posts to mate with a pair of second alignment holes of the second PCB, wherein the first pair
of posts and the second pair of posts are offset relative to a center of the lead frame. In
accordance with any preceding example of the connector, in one example, the cover includes
corrugation features orthogonal to the electrical leads. In accordance with any preceding
example of the connector, in one example, the cover is to rest against threaded standoffs that
fit to first through-hole openings in the first PCB and second through-hole openings in the
second PCB to receive the screws. In accordance with any preceding example of the connector,
in one example, the cover is to rest against threaded spacers that align with first through-hole
openings in the first PCB and with second through-hole openings in the second PCB to receive
the screws and allow the screws to secure to threads in a system chassis. In accordance with
any preceding example of the connector, in one example, the connector includes: a ground bar
to selectively contact electrical leads to be connected to ground pads, the ground bar to
physically contact the cover. In accordance with any preceding example of the connector, in
one example, the alignment frame comprises a plastic frame having gaps for the ground bar to
extend through the plastic frame to physically contact the cover. In accordance with any
preceding example of the connector, in one example, the first PCB comprises a system
motherboard and wherein the second PCB comprises an add-in board to provide functionality
to a host system of the motherboard.

[00330] In general with respect to the descriptions herein, in one example a computer
system includes: a system board including first pads on a surface of the system board; an add-in
board including second pads on a surface of the add-in board, wherein the surface of the add-in
board is substantially co-planar with the surface of the system board; a connector to couple the
first pads on the surface of the system board to the second pads on the surface of the add-in
board, the connector including: a lead frame including electrical leads to bridge from the first

pads to the second pads; an alignment frame to hold the lead frame, including posts to mate
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with first alignment holes of the system board and with second alignment holes of the add-in
board; and an electrically conductive cover to secure over the alignment frame; and screws to
secure the cover to first screw holes in the system board and second screw holes in the add-in
board, the screws to electrically couple the cover to a first ground plane of the system board
and to a second ground plane of the add-in board.

[00331] In one example of the computer system, in one example, the electrical leads
comprise arch-shaped springs, wherein the electrical leads are to flex to push contact points
against the first pads and the second pads when the cover receives the screws. In accordance
with any preceding example of the computer system, in one example, the posts include a first
pair of posts to mate with a pair of first alignment holes of the system board and a second pair
of posts to mate with a pair of second alignment holes of the add-in board, wherein the first
pair of posts and the second pair of posts are offset relative to a center of the lead frame. In
accordance with any preceding example of the computer system, in one example, the cover
includes corrugation features orthogonal to the electrical leads. In accordance with any
preceding example of the computer system, in one example, the cover is to rest against
threaded standoffs that fit to first through-hole openings in the system board and second
through-hole openings in the add-in board. In accordance with any preceding example of the
computer system, in one example, the connector includes: a ground bar to selectively contact
electrical leads to be connected to ground pads, the ground bar to physically contact the cover.
In accordance with any preceding example of the computer system, in one example, the
alignment frame comprises a plastic frame having gaps for the ground bar to extend through
the plastic frame to physically contact the cover. In accordance with any preceding example of
the computer system, in one example, the computer system includes: a chassis, wherein the
system board is secured to the chassis; and wherein the cover is to rest against spacers that
align with first through-hole openings in the system board and with second through-hole
openings in the add-in board; wherein screws extend through the cover and though the system
board and screws extend through the cover and the add-in board, to secure the cover to the
system board and to the add-in board, and secure the system board and the add-in board to

the chassis. In accordance with any preceding example of the computer system, in one
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example, the add-in board comprises a wireless communication board. In accordance with any
preceding example of the computer system, in one example, the add-in board comprises a solid
state drive (SSD) board. In accordance with any preceding example of the computer system, in
one example, the second screw holes in the add-in board comprise screw holes proximate an
edge of the add-in board closest to the system board (a "close end"), and further comprising
third screw holes on a far end of the add-in board opposite the close end, for screws to secure
the far end of the add-in board to a chassis, wherein the system board is secured to the chassis.
In accordance with any preceding example of the computer system, in one example, the
connector has a generally rectangular outline with the electrical leads aligned in a row
extending along a long length of the rectangular outline and each electrical lead bridging across
a short length of the rectangular outline, with a first pair of screw holes at one end of the row
and a second pair of screw holes at the other end of the row. In accordance with any preceding
example of the computer system, in one example, the row comprises two groups of electrical
leads, with a third pair of screw holes in a middle of the connector, between the two groups of
electrical leads. In accordance with any preceding example of the computer system, in one
example, the add-in board comprises a first add-in board and the connector comprises a first
connector, and further comprising: the first add-in board including third pads on the surface of
the first add-in board; a second add-in board including fourth pads on a surface of the second
add-in board, wherein the surface of the second add-in board is substantially co-planar with the
surface of the first add-in board; and a second connector to couple the third pads on the
surface of the first add-in board to the fourth pads on the surface of the second add-in board.
In accordance with any preceding example of the computer system, in one example, the third
pads and fourth pads include fewer pads than the first pads and second pads, and wherein the
second connector includes fewer electrical leads than the first connector. In accordance with
any preceding example of the computer system, in one example, the first connector has a first
rectangular outline with 2N electrical leads organized as two groups of electrical leads aligned
in a row extending along a long length of the first rectangular outline and each electrical lead
bridging across a short length of the first rectangular outline, with screw holes on opposite ends

of the row and between the two groups; and wherein the second connector has a second
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rectangular outline with N electrical leads aligned in a row extending along a long length of the
second rectangular outline and each electrical lead bridging across a short length of the second
rectangular outline, with screw holes on opposite ends of the row. In accordance with any
preceding example of the computer system, in one example, the system board further includes
third pads on the surface of the system board and third alignment holes, wherein the first
alignment holes correspond to the first pads and the third alignment holes correspond to the
third pads; wherein the add-in board further includes fourth pads on the surface of the add-in
board and fourth alignment holes, wherein the second alignment holes correspond to the
second pads and the fourth alignment holes correspond to the fourth pads; wherein the
connector is reversible between a first orientation and a second orientation, wherein in the first
orientation, the electrical leads are to bridge from the first pads to the second pads and the
posts are to mate with the first alignment holes and with the second alignment holes, and
wherein in the second orientation, the electrical leads are to bridge from the third pads to the
fourth pads and the posts are to mate with the second alignment holes and with the fourth
alignment holes; and wherein the screws align with the first screw holes in the system board
and the second screw holes in the add-in board for both orientations. In accordance with any
preceding example of the computer system, in one example, the add-in board comprises an
inline add-in board, the connector comprises an inline connector, and further comprising: the
system board including third pads on the first surface of the system board; a top-mount add-on
board including fourth pads on a surface of the top-mount add-on board, wherein the surface
of the top-mount add-on board does not face the first surface of the system board, and
wherein the surface of the top-mount add-on board is not co-planar with the first surface of the
system board; and a top-mount connector to couple the fourth pads to the third pads. In
accordance with any preceding example of the computer system, in one example, the computer
system includes: a host processor device mounted on the system board; a display
communicatively coupled to a host processor of the system board; a network interface
communicatively coupled to a host processor of the system board; or a battery to power the
computer system. In accordance with any preceding example of the computer system, in one

example, the system board comprises a computer motherboard. In accordance with any

Docket No.: AD3330-US -72-





preceding example of the computer system, in one example, the system board comprises a
ruler board.

[00332] In general with respect to the descriptions herein, in one example a board-to-board
connector includes: a lead frame including electrical leads to bridge from first pads on a first
surface of a first printed circuit board (PCB) to second pads on a second surface of a second
PCB, wherein the second surface does not face the first surface, and wherein the second PCB
does not include pads for the connector on a surface that faces the first surface; an alignment
frame to hold the lead frame, including posts to mate with first alignment holes of the first PCB
and with second alignment holes of the second PCB; and an electrically conductive case to
secure over the alighnment frame, the case including openings to receive screws to secure the
case to first screw holes in the first PCB and second screw holes in the second PCB, the case to
electrically couple via the screws to a first ground plane of the first PCB and to a second ground
plane of the second PCB.

[00333] In one example of the connector, in one example, the electrical leads comprise two
arch-shaped arms offset vertically from each other on a center post of the lead frame, with a
first arch-shaped arm to contact the first pads and a second arch-shaped arm to contact the
second pads. In accordance with any preceding example of the connector, in one example, the
posts include a first pair of posts to mate with a pair of first alignment holes of the first PCB and
a second pair of posts to mate with a pair of second alignment holes of the second PCB,
wherein the first pair of posts and the second pair of posts are offset relative to a center of the
lead frame. In accordance with any preceding example of the connector, in one example, the
case includes corrugation features orthogonal to the electrical leads. In accordance with any
preceding example of the connector, in one example, the connector includes: a ground bar to
selectively contact electrical leads to be connected to ground pads, the ground bar to physically
contact the case. In accordance with any preceding example of the connector, in one example,
the alignment frame comprises a plastic frame having gaps for the ground bar to extend
through the plastic frame to physically contact the case. In accordance with any preceding
example of the connector, in one example, the first PCB comprises a primary system board and

wherein the second PCB comprises an add-in board to provide functionality to a host system of

Docket No.: AD3330-US -73-





the primary system board. In accordance with any preceding example of the connector, in one
example, the system board comprises a computer system motherboard. In accordance with any
preceding example of the connector, in one example, the system board comprises a ruler
board. In accordance with any preceding example of the connector, in one example, the first
PCB comprises a first add-in board and wherein the second PCB comprises a second add-in
board.

[00334] In general with respect to the descriptions herein, in one example a computer
system includes: a system board including first pads on a first surface of the system board; an
add-in board including second pads on a second surface of the add-in board, wherein the
second surface of the add-in board does not face the first surface of the system board; and a
connector to couple the first pads to the second pads, the connector including: a lead frame
including electrical leads to bridge from the first pads to the second pads; an alignment frame
to hold the lead frame, including posts to mate with first alignment holes of the system board
and with second alignment holes of the add-in board; and an electrically conductive case to
secure over the alignment frame; and screws to secure the case to first screw holes in the
system board and second screw holes in the add-in board, the screws to electrically couple the
case to a first ground plane of the system board and to a second ground plane of the add-in
board.

[00335] In an example of the connector, in one example, the electrical leads comprise two
arch-shaped arms offset vertically from each other on a center post of the lead frame, with first
arch-shaped arms to flex to push contact points against the first pads and second arch-shaped
arms to push contact points against the second pads when the case receives the screws. In
accordance with any preceding example of the connector, in one example, the posts include a
first pair of posts to mate with a pair of first alignment holes of the system board and a second
pair of posts to mate with a pair of second alignment holes of the add-in board, wherein the
first pair of posts and the second pair of posts are offset relative to a center of the lead frame.
In accordance with any preceding example of the connector, in one example, the case includes
corrugation features orthogonal to the electrical leads. In accordance with any preceding

example of the connector, in one example, connector further comprising: a ground bar to
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selectively contact electrical leads to be connected to ground pads, the ground bar to physically
contact the case. In accordance with any preceding example of the connector, in one example,
the alignment frame comprises a plastic frame having gaps for the ground bar to extend
through the plastic frame to physically contact the case. In accordance with any preceding
example of the connector, in one example, the add-in board comprises a wireless
communication board. In accordance with any preceding example of the connector, in one
example, the add-in board comprises a solid state drive (SSD) board. In accordance with any
preceding example of the connector, in one example, the connector is to contact the first pads
to the second pads when the add-in board is on the first surface of the system board. In
accordance with any preceding example of the connector, in one example, the screws comprise
connector screws and the add-in board is to connect to the system board on an edge opposite
the connector via mounting screws to connect the add-in board to the system board through
standoffs. In accordance with any preceding example of the connector, in one example, the
connector includes a footing to contact the second surface of the add-in board, an opposite
surface of the add-in board opposite the second surface, and an edge of the add-in board
connecting the second surface to the opposite surface. In accordance with any preceding
example of the connector, in one example, the connector has a height to provide an air gap
between components mounted between the first surface of the system board and a surface of
the add-in board opposite the second surface. In accordance with any preceding example of the
connector, in one example, the components are mounted to the first surface of the system
board, wherein the air gap is between the components and the surface of the add-in board
opposite the second surface. In accordance with any preceding example of the connector, in
one example, the components are mounted to the surface of the add-in board opposite the
second surface, wherein the air gap is between the components and the first surface of the
system board. In accordance with any preceding example of the connector, in one example, the
add-in board comprises a top-mount add-in board, the connector comprises a top-mount
connector, and further comprising: the system board including third pads on the first surface of
the system board; an inline add-in board including fourth pads on the first surface of the system

board, wherein a surface of the inline add-in board is substantially co-planar with the first
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surface of the system board, and wherein the top-mount add-in board is mounted over the
inline add-in board; and an inline connector to couple the fourth pads to the third pads. In
accordance with any preceding example of the connector, in one example, the computer
system includes one or more of: a host processor device mounted on the system board; a
display communicatively coupled to a host processor of the system board; a network interface
communicatively coupled to a host processor of the system board; or a battery to power the
computer system.

[00336] Flow diagrams as illustrated herein provide examples of sequences of various
process actions. The flow diagrams can indicate operations to be executed by a software or
firmware routine, as well as physical operations. A flow diagram can illustrate an example of
the implementation of states of a finite state machine (FSM), which can be implemented in
hardware and/or software. Although shown in a particular sequence or order, unless otherwise
specified, the order of the actions can be modified. Thus, the illustrated diagrams should be
understood only as examples, and the process can be performed in a different order, and some
actions can be performed in parallel. Additionally, one or more actions can be omitted; thus,
not all implementations will perform all actions.

[00337] To the extent various operations or functions are described herein, they can be
described or defined as software code, instructions, configuration, and/or data. The content
can be directly executable ("object" or "executable" form), source code, or difference code
("delta" or "patch" code). The software content of what is described herein can be provided via
an article of manufacture with the content stored thereon, or via a method of operating a
communication interface to send data via the communication interface. A machine readable
storage medium can cause a machine to perform the functions or operations described, and
includes any mechanism that stores information in a form accessible by a machine (e.g.,
computing device, electronic system, etc.), such as recordable/non-recordable media (e.g., read
only memory (ROM), random access memory (RAM), magnetic disk storage media, optical
storage media, flash memory devices, etc.). A communication interface includes any
mechanism that interfaces to any of a hardwired, wireless, optical, etc., medium to

communicate to another device, such as a memory bus interface, a processor bus interface, an
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Internet connection, a disk controller, etc. The communication interface can be configured by
providing configuration parameters and/or sending signals to prepare the communication
interface to provide a data signal describing the software content. The communication interface
can be accessed via one or more commands or signals sent to the communication interface.
[00338] Various components described herein can be a means for performing the operations
or functions described. Each component described herein includes software, hardware, or a
combination of these. The components can be implemented as software modules, hardware
modules, special-purpose hardware (e.g., application specific hardware, application specific
integrated circuits (ASICs), digital signal processors (DSPs), etc.), embedded controllers,
hardwired circuitry, etc.

[00339] Besides what is described herein, various modifications can be made to what is
disclosed and implementations of the invention without departing from their scope. Therefore,
the illustrations and examples herein should be construed in an illustrative, and not a restrictive
sense. The scope of the invention should be measured solely by reference to the claims that

follow.
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CLAIMS

What is claimed is:

1. A board-to-board connector, comprising:

a lead frame including electrical leads to bridge from first pads on a first surface of a first
printed circuit board (PCB) to second pads on a second surface of a second PCB, wherein the
second surface does not face the first surface, and wherein the second PCB does not include
pads for the connector on a surface that faces the first surface;

an alignment frame to hold the lead frame, including posts to mate with first alignment
holes of the first PCB and with second alignment holes of the second PCB; and

an electrically conductive case to secure over the alignment frame, the case including
openings to receive screws to secure the case to first screw holes in the first PCB and second
screw holes in the second PCB, the case to electrically couple via the screws to a first ground

plane of the first PCB and to a second ground plane of the second PCB.

2. The connector of claim 1, wherein the electrical leads comprise two arch-shaped arms
offset vertically from each other on a center post of the lead frame, with a first arch-shaped

arm to contact the first pads and a second arch-shaped arm to contact the second pads.

3. The connector of either of claims 1 or 2, wherein the posts include a first pair of posts to
mate with a pair of first alignment holes of the first PCB and a second pair of posts to mate with
a pair of second alignment holes of the second PCB, wherein the first pair of posts and the

second pair of posts are offset relative to a center of the lead frame.

4, The connector of either of claims 1 or 2, wherein the case includes corrugation features

orthogonal to the electrical leads.

5. The connector of either of claims 1 or 2, further comprising:
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a ground bar to selectively contact electrical leads to be connected to ground pads, the

ground bar to physically contact the case.

6. The connector of claim 5, wherein the alignment frame comprises a plastic frame having

gaps for the ground bar to extend through the plastic frame to physically contact the case.

7. The connector of either of claims 1 or 2, wherein the first PCB comprises a primary
system board and wherein the second PCB comprises an add-in board to provide functionality

to a host system of the primary system board.

8. The connector of claim 7, wherein the system board comprises a computer system
motherboard.
9. The connector of claim 7, wherein the system board comprises a ruler board.

10. The connector of either of claims 1 or 2, wherein the first PCB comprises a first add-in

board and wherein the second PCB comprises a second add-in board.

11. A computer system comprising:
a system board including first pads on a first surface of the system board;
an add-in board including second pads on a second surface of the add-in board, wherein
the second surface of the add-in board does not face the first surface of the system board; and
a connector to couple the first pads to the second pads, the connector including:
a lead frame including electrical leads to bridge from the first pads to the second
pads;
an alignment frame to hold the lead frame, including posts to mate with first
alignment holes of the system board and with second alignment holes of the add-in board; and

an electrically conductive case to secure over the alignment frame; and
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screws to secure the case to first screw holes in the system board and second screw
holes in the add-in board, the screws to electrically couple the case to a first ground plane of

the system board and to a second ground plane of the add-in board.

12. The computer system of claim 11, wherein the electrical leads comprise two arch-
shaped arms offset vertically from each other on a center post of the lead frame, with first
arch-shaped arms to flex to push contact points against the first pads and second arch-shaped

arms to push contact points against the second pads when the case receives the screws.

13. The computer system of either of claims 11 or 12, wherein the posts include a first pair
of posts to mate with a pair of first alignment holes of the system board and a second pair of
posts to mate with a pair of second alignment holes of the add-in board, wherein the first pair

of posts and the second pair of posts are offset relative to a center of the lead frame.

14. The computer system of either of claims 11 or 12, wherein the case includes corrugation

features orthogonal to the electrical leads.

15. The computer system of either of claims 11 or 12, the connector further comprising:
a ground bar to selectively contact electrical leads to be connected to ground pads, the

ground bar to physically contact the case.
16. The computer system of claim 15, wherein the alignment frame comprises a plastic
frame having gaps for the ground bar to extend through the plastic frame to physically contact

the case.

17. The computer system of either of claims 11 or 12, wherein the add-in board comprises a

wireless communication board.
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18. The computer system of either of claims 11 or 12, wherein the add-in board comprises a

solid state drive (SSD) board.

19. The computer system of either of claims 11 or 12, wherein the connector is to contact
the first pads to the second pads when the add-in board is on the first surface of the system

board.

20. The computer system of either of claims 11 or 12, wherein the screws comprise
connector screws and the add-in board is to connect to the system board on an edge opposite
the connector via mounting screws to connect the add-in board to the system board through

standoffs.

21. The computer system of either of claims 11 or 12, wherein the connector includes a
footing to contact the second surface of the add-in board, an opposite surface of the add-in
board opposite the second surface, and an edge of the add-in board connecting the second

surface to the opposite surface.

22. The computer system of either of claims 11 or 12, wherein the connector has a height to
provide an air gap between components mounted between the first surface of the system

board and a surface of the add-in board opposite the second surface.

23. The computer system of claim 22, wherein the components are mounted to the first
surface of the system board, wherein the air gap is between the components and the surface of

the add-in board opposite the second surface.
24, The computer system of claim 22, wherein the components are mounted to the surface

of the add-in board opposite the second surface, wherein the air gap is between the

components and the first surface of the system board.
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25. The computer system of either of claims 11 or 12, wherein the add-in board comprises a
top-mount add-in board, the connector comprises a top-mount connector, and further
comprising:

the system board including third pads on the first surface of the system board;

an inline add-in board including fourth pads on the first surface of the system board,
wherein a surface of the inline add-in board is substantially co-planar with the first surface of
the system board, and wherein the top-mount add-in board is mounted over the inline add-in
board; and

an inline connector to couple the fourth pads to the third pads.
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ABSTRACT

A board-to-board connector includes electrical leads to bridge from one board to
another board, to interconnect pads on one surface of the boards. The boards can interconnect
while one board is vertically offset from the other board with a top mount connector. The
connector includes a lead frame having the electrical leads and the connector includes an
alignment frame to hold the lead frame. The lead frame includes leads that have contact arms
that are vertically offset from each other. The connector includes a conductive case to secure
over the alignment frame. The connector includes screw holes to allow screws to secure the
connector in place against the boards and ensure electrical connection between the pads on
the two boards through the electrical leads of the connector. The alignment frame includes

posts to mate with alignment holes in the boards.
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