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CBB _OVERVIEW MODEL CBB_VERSION

SYS_CONN MAXWELL SYS_6.1
KEY_UI MAXINE SYS_6.1
AUDIO MAXWELL SYS_6.1
FMRADIO EMPTY SYS_6.1
MULTIGND GND SYS_6.1
POWER DISCRETE SYS_ 6.1
PWRFILTER LIGHT SYS_6.1
DC_DC EMPTY SYS_6.1
REG_CAP MAXWELL SYS_6.1
PWR_RES THERML SYS_6.1
EMPTY YS_6.1

R SYS_6
CAMERA EMPTY SYS 6.1
LPRF EMPTY SYS 6.1
uPP BASIC8M SYS 6.1
UPPFILTER DISCRETE SYS_ 6.1
SIM MAXWELL SYS_ 6.1
GPS EMPTY SYS_ 6.1
PRODUCTIONSPATTERN TESTPATTERN 5PIN SYS 6.1
MODULE_ID MODULE_ID SYS 6.1
RF_BB MJOLNER SYS_ 6.1
MEMORY COMBO64+4MBIT SYS_ 6.1
MEMFILTER NOVFLASH1CAP SYS 6.1
MEMWING EMPTY SYS_ 6.1
MEMEXTENSION EMPTY SYS_ 6.1
EMU SCHEMATIC SYS_ 6.1
JTAG TESTPOINT SYS_6.1
OSTRICH TESTPOINT SYS_6.1
ETM EMPTY SYS_6.1

RF
schematic
0_RXIINP RXIINP
1 RXINN RXIINN
2 RXQINP RXQINP
3 RXQINN RXQINN
4_TXIOUTP TXIOUTP
5 _TXIOUTN TXIOUTN
6 _TXQOUTP TXQOUTP
7_TXQOUTN
» TXQOUTN
schematic 8
9 VREF1 VREF1
RFAUXCONV_O(2:0)
RFCONV_O(9:0)
AFC
GENIO_O(31:0)
T™XC
RFAUX_O(L:0) f= TXP N
. TXP
RFICCTRL_O(2:0)
RESET
RFCLKGND_| RFBUSEN1 iaﬂem
2 RFBUSCLK
RFCLK_| RFBUSCLK
CLK_| 0 RFBUSDA RFBngA
T
SLOWAD_O(6:0)
PUSL_O(3:0) F— Fren
LPRFCLK_| [—
HGR TEMP R TEMP
3 T
RFCONV_ANA_O(16:0) =
RFCONV_DIGI_O(16:0) =
RFCLK_I_GPS |—
Y
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.
Title: DCT4 Common Baseband Schematic (Top Level)
FMRADIO
CAMERA
empty PRODUCTIONTESTPATTERN
empty
AUDUEMCTRL(3:0) AUDUEMCTRL(3:0) testpatternSpin
FMANT LPRF
FMANT GPIO(3L:0) f—
empty ouT —
PUSL(3:0) PUSL(3:0) CCP(4:0) f— —{RFCONVCTRL(2:0)
KEY_UI
XAUDIO(17:0) LCDUI(2:0) = USL(3:0) AUDUEMCTRL(3:0
maxine
SIMIF(3:0) GENIO(31:0 - — GENIO(31:0) LPRFCLK GENIO(31:0 )
|HE_XEAR(1:0) G_PMRADIO(11:0) -2 MRADIf11:0) C_CAMERACD) & camERA(7:0) G_LPRF(23:0)—2=tERF230)
IHF_XEAR(1:0)
LCDUI(2:0) Components: 356-385 Components: 1000-1025 Components: 130-149 )
LCDUI(2:0) Components: 396-399
KEYB(10:0)
KEYB(10:0)
GENIO(31:0)
UIDRV(5:0)
UIDRV(5:0)
PWRONX RF_BB
. PWRONX
G_KEY_UI(67:0) | G_KEY_UI(67:0) SLOWAD(6:0) mjolner
SLOWAD(6:0) SLOWAD(6:0) SLOWAD_0(6:0) f—————————<_ | SLOWAD_O(6:0)
RFCONV(9:0
DIFDATA(7:0) = MULTIGND RFCONV(9:0) RFCONV_0(9:0) p———————<__>> RFCONV_0(9:0)
= HEADINT(1:0) RFAUXCONV(2{0)
DIFCTRL(3:0) = gnd IRGND RFAUXCONV(2:0) RFAUXCONV_0(2:0) p———————<_ > RFAUXCONV_O(2:0)
IRGND |———————"1 IRGND LPRFCL
MIC(2:0) PUSL(3:0) AGNDL LPRFCLK LPRFCLK_| ———————<_] LPRFCLK_I
AGND1 1 RFCLK|
AUDUEMCTRL(3:0) = AGND2 RFCLK RFCLK | ——————<_] RFCLK_I
! AGND2 2
EAR(1:0) RFCLKGND
EAR(1:0) RFCLKGND RFCLKGND_| ————————<_] RFCLKGND_I
RFAUX(L:0)
GPIO(31:0) = RFAUX(1:0) RFAUX_O(1:0) p——————<_] RFAUX_O(1:0)
GENIO(3L:0)
GENIO(31:0) GENIO_0(31:0) p———<__> GENIO_O(31:0)
Components: 300-349 PUSL(3:0)
PUSL(3:0) PUSL_0(3:0) —————<__> PUSL_0(3:0)
AUDIO a upp /TIKU — RFCONV_ANA(16:0) RFCONV_ANA_O(16:0) ——————<C_ > RFCONV_ANA_O(16:0)
asterix POWER %
G_AUBIOGLO); aypio11:0) PUSL(3:0) g basic8m — RFCONV_DIGI(16:0) RFCONV_DIGI_O(16:0) —————<_ > RFCONV_DIGI_O(16:0)
discrete AGND(2:1) =~ = CCP(4:0) RFCLK  —— RFICCTRL(2:0)
HOOKINT EAR(1:0) —1 RFICCTRL(2:0) RFICCTRL_0(2:0) ———————<_ > RFICCTRL_O(2:0)
L— PwRONX RFCONV(9:0) LCDUI(2:0) RFCLKGND .
SYS CONN GENIO(31:0) C_RF_BBELO) ; ge_BB(31.0)
= {EADINT(1:0) RFAUXCONV(2:0) KEYB(10:0) RFCONV_ANA(16:0) f—
UIDRV(5:0) UIDRV(5:0) RFCLK_GPS RFCLK_|_GPS ————————<_] RFCLK_I_GPS
FMANT (— GENIO(31:0) GENIO(31:0) RFCONV_DIGI(16:0) f—
(2:0) SLOWAD(6:0) & POWER(11:0) Components: 420-439
, PWRONX [— XAUDIO(7:0) G_POWER(11:0) [CHS 3 —  DIFDATA(7:0) RFICCTRL(2:0)
maxwel HOOHKINIF XMIC(2:0) XAUDIO(17:0) XAUDIO(17:0) MEMADDA(15:0) MEMORY
HOOKINT AUDIO(6:0) — DIFCTRL(3:0) MEMADDA(15:0) -
HEADINJ(1:0) XEAR(3:0) AUDIO(6:0) AUDIO(6:0) RFCONVCTRL(2:0) combo64-+4mbit
HEADINT(1:0) RFCONVCTRL(2:0) RFCONVCTRL(2:0)
AUDUEMCTRL(3:0) RFCONVDA(5:0) MEMAD(24:16) MEMADDA(15:0)
GPIO(31:0) [— RFCONVDA(5:0) RFCONVDA(5:0) MEMAD(24:16)
IHF(1:0) MCBSP2(5:0) — MEMCONT(9:0)
RFAUX(1:0) MEMCONT(9:0)
MIC(2:0) APE_AUDIO(4:0) — AUDIODATA(Z:0) MEMAD(24:16)
MIC(2:0) — APE_GPIO(15:0) AUDIODATA(3:0) AUDIODATA(3:0) SDRAD(15:0) f—
XMIC2:0) IHF_XEAR(1:0) MEMCONT(9:0)
XMIC(2:0) SLOWAD(6:0) GPIO(31:0) — — GPIO@31:0) SDRDA(15:0) |—
XEAR(3:0) AUDIO Components: 150-199 AUDUEMCTRL(3:0) & MEMORY(:
XEAR(3:0) AUDUEMCTRL(3:0) AUDUEMCTRL(3:0) SDRCTRL(8:0) |— -MEMORYED) ;. vemoRY(3:0)
IACCDIF(5:0) JTAG_EMULATION(6/0)
IHF(1:0) IACCDIF(5:0) IACCDIF(5:0) JTAG_EMULATION(6:0) GENIO(31:0)
DSP_MCUTEST(2:0)
UIDRV(5:0) PUSL(3:0) PUSL(3:0) DSP_MCUTEST(2:0)
SIMIFE0) Components: 450-469
SLOWAD(6:0) SIMIF(3:0) — USB_DIG(6:0) ETM(210) f—
ACCDIF(2:0)
ACCDIF(2:0) ACCDIF(2:0) SIM2MMCIF(3:0)  f—
CHARGER(4:0) IRIF(2:0) Components: 400-419
CHARGER(4:0) CHARGER(4:0) IRIF(2:0)
IRIF_I(1:p)
IACCDIF(5:0) IRIF_I(1:0) = 6 AP
GENIO(31:0) POWER Components: 200-249, 260-299 preferred G_KEY_UI(67:0)
G_KEY_UI(67:0)
DSP_MCUTEST(2:0) STEPUP Components:260-269 _LPRF(230)
DC/DC Components:270-299 G_LPRF(23:0)
SIMIF(3:0) G_MEMORY(3:0)
EMU G_MEMORY(3:0)
USB_DIG(6:0) = G_MMC(7:0)
schematic G_MMC(7:0)
PUSL(3:0) JTAG_EMULATION(6:0) G_POWER(11:0)
G_POWER(11:0) —
AUDUEMCTRL(3:0) DSP_MCUTEST(2:0) G_RF_BB(31.0)
G_RF_BB(31:0)——
USB(2:0) f— oPs —| ETM(21:0) G_SIM(7:0)
oty G_SIM(7:0)
APE_GPIO(15:0) p= —1 PUSL(3:0) G_SYS_CONN(11:
RFCONVDA(5:0) G_SYS_CONN(11:0)
6. SYS_CONN(IL0) —C-SYS CONN(LLO) SIM o APES0)
R maxwell RFCLKGND Components: 480-490 G_APE(15:0)
SYS_CONN Components: 100-129 3:0) G_AUDIO(11:0}
= P empty RFCLK_GPS Ostrich Components: 470-479 G_AUDIO(11:0)—= (11:0)
IRIF_I(1:0) —|SIM2MMCIF(3:0) G_GPS(7:0) Jtag Components: 480-489 G_CAMERA(7:0)
G_GPS(7:0) G_CAMERA(7:0)
IRIF(2:0) ——GENIO(31:0) G_CDMA(11:0)
C_SIMITO 6 sim(r0) GENIO(31:0) KEYB(10:0 G_CDMA(11:0)——
IACCDIF(5:0) 100 ev(10:0) G_FMRADIO(11:0)
Components: 386-395 PUSL(3:0) GENIO(31:0) G_FMRADIO(11:0)
GENIOEBLO) [z ———GENIO(31:0) G_GPS(7:0)
G_IR(3:0) ——=—" ) GPIOEL0) G_GPS(7:0)
GPIO@1:0) — Components: 250-259 ————GPIO(31:0) G_IR(3:0)
G_IR(3:0)
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Title: RH-19/RH-50 System Connector

For After Sales

Schematics

STIRXD  PRODTP5

STISClk
PRODTP1

PRODTP4 STITXD
8kHz for DAI

) 3103

VPP PRODTP6

R108

OR na

> SLOWAD(6:0)

J100 3200
Jio1l
"BATTERY CONNECTOR"
VBAT VBATTRF

X103
VBAT] VBATT

BSI

GND BSI

AL

J106 Ji11 Ji12
GND
TOMAHAWK

BOTTOM CONNECTOR

‘ Tomahawk

‘ Charger connector

<] DSP_MCUTEST(2:0)

‘ J109 3110
X102 na F100 L100
1 | VCHAR — o
| 2 1 ‘ 42R/100MHz 1
‘ GND | GND 15A 2
‘ ‘ <] CHARGER(4:0)
| ‘ ACCESSORY REGULATOR VBAT
‘ \ T 3401
‘ ‘ N100 s <] use Dic(6:0)
\ | vour [ VIN
‘ BYP e vEn 0
Tomahawk ‘ Bl |
c102 GND .
‘ System connector Tu0 R107 <] GENIO(31:0)
‘ C113 100k
‘ X101 | 10n
| rot+——F— = PRODTP2
o |
| 2| L106  600R/L00MHZ | 6w °e»w e | APRODTP3
3 ACI
4 j Vout
| M _L107_ 6o0R/100MHZ
| 60 | FbusRX
| 7 ™ Fbus TX R101 R101
‘ ge \ ‘ R100 R100 2/247R 1 /247R
| .
| 1(1) } S 1B 2 |9 2 1247R 1 1247R
12 ] 0
| 1 I YY¥YY|Z, i
\ 1° ‘ 1108 r i W 108 T
a Q
| e ; ™P e b 22p 22p <] ACCDIF(2:0)
‘ AGND| | a GND GND
\ N
‘ \ GND
| GND ‘
| ‘ XMIC_P XMIC_N
S L102
MCZ1210AD102T
XMiC P e .
XMIC N » mﬁ 3 0
XEAR P XEAR_ s > xwiceo)
MCZ1210AD102T
XEAR P g s
XEAR N N %* 3 0
> XEAR(3:0)
[ cie | ciut
10n 10n
GND GND GND > > > >
L o 3 < g ~ S < &
) = 0 = =) 3 o =
g{ls 8% FThE FWE
@ > @ > = > =z S
o & o] o] & w] &
N o |« «
L& GND
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> rFvant
[—> pwronx
> Hookint

RFAUX(L:0) >
UDRV(E0) >

IACCDIF(5:0) >

siMIFE0) >

PUSL(3:0)—>
AUDUEMCTRL(3:0) >

GPIOB1:0)[ >

G_SYS_CONN(11:0)—>

> HEADINT(il:O)
IHF(1:0)—>
USB(2:00—>

APE_GPIO(15:0) >
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Title: RH-19/RH-50 User Interface
sLowAD(6:0) <_]

Schematics

LCD Connector

RH-19/RH-50

> mic@o
pUSL3:0) (>

AUDUEMCTRL(3:0
VLED+ 5 VLED- VIO VFLASHL >
K|
L Send E Right
P PR A 314|315 GPIO@31:0) >
aa g3 nal elglg S310 S311 s312 $313
Suwlgo|ag| z|4w
21xA9 95 O|s|S na na na na
ROWS5 GND
ROWO I GND
coLo
Soft left up Down Soft right
1308 1309 1310 1311
GND
r - s314 8 S315 S316 s317
4 na na na na
ROW1
R308
1
0 L — r 1t —
220R i
R309 | L 4 7 ‘
1 L ‘ ‘
220R S318 s319 $320 9 s321
R310 ‘ na na na na ‘
2 ROW2 |
220R t ‘
2 ‘ ‘
‘ 2 5 8 0 ‘
GENIO(31:0) <S> Wingboard Connections ‘ ‘
S322 $323 $324 9 S325
g E E S § S o o 9 % ‘ na na na na ‘ These have different geometry
Leouizo) < _ >————————— 5 3 3 3 333333 ‘
X %X %X X & coLs GND \
ROWS | 5 I ‘
‘ 6 9 # ‘
9 R4 ROW4 ‘ sige i Sif siga 1 Sf‘ig ‘
8 R3 ROWS | |
2 s2 coL2 ROW4 |
7 R2 ROW2 [ ‘
1 s1 coL1 coL1l -Vt — =
. 5 RO ROWO
DIFDATA(7:0) [ > 0 RS ROWS coL2
6 RL ROWL coL3
3 s3 coL3 coL4
DIFCTRL(3:0)
> 4 s4 coL4
0 so coLo
KEYB(10:0) <__>
-y MmDLP
sLowap(6:0) <_} N N N N N N N N N N
4 o o4 N @ ¥ v oo N ® o
6 5§ 8 88 84§48 8§ §
8 8 38 8 3 8 8 3 8 8 3
IHF_XEAR(1:0) >
Rs&: 2 cao |
100n 3302
VFLASHL - na Jaot = = = G_KEY_UI(67:0) >
R315 ] & &
— 8 8 8
= E =
For mechanics For Prod. Tester <[ 1w 2 2 2 .
glE o S N 1} = S S HEADINT(1:0)|_>
AC_CTI Slle S w?s Sw?s Sy?s
2 2 2
Js33 L301 R316 g g g SIMIF(3:0 >
316 — m g El | (3:0)
. — 3 3 3
& 600R/L00MHzZ 220k 2 o &
3 & @ @ R324
H R314 2 | o 2| o 2| o 2k2
s 4 c315 |RH-19:na 3 S48 S48 S48 na
s 5 OR = Sws Sws Sw>
z 22p |RH-50:22p na o ¥ ¥y
‘-2 GND White LED driver for display/keyboard ™ § = g |»
S  J318 3332 VBAT b} o o
£ 9 9 9
3 J_GND T H keyb_illu z
8
b a8 5] 3|8
3 AC_VDD oo N300 MR S R
e Ls02 0o TK11851L
g 1317 3330 — VFLASH2 GND \ Ui ) 1300 V300
i »
3 600RI100MHz 2 EN vin o M
] ] UM RB521S-30TE6L
~ = ~ 42 €302 1) 68 7 |cx Is |2
B2 cais]| BhE I
9 1u0 [ na 6 lenD  ExT |3 C304
- ~ 100
B301
C330 5 | vib Vovp | 4
- 47p IHF_P
GND GND  GND GND A |
IHF_N
GND GND o C232t2 na
o @
2|~
UIDRV(5:0) [_>
4 DLIGHT GND
3 Vibra Motor
VBACK 2
3303 » 1 M300 ma oo na
0 KHNANX1A cast
47p
'VBACK Testpoint not connected ﬂ
< g 600R/100MHZ o g GND
2 2 9y caoe
_ ghs gths
R322 Na R306 5 o « S
PWRONX [ > — 1 — E ~ -
O0R 27k Z GND GND GND
£322 na i «{ $302
c322 c310 %
47p 22p . "
&ND o O GND  PWR SWITCH
<
w
'3
B300
0 J312
1 J313
ca13
EAR(1:0) 22 na
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NICICL A Nokia Customer Care

Title: RH-19/RH-50 Audio

Schematics

RH-19/RH-50

> EAR(1:0)

"EARP" LAJJ_LAN "EARP" 0
2 3
"EARN" — "EARN" 1
T M Z
L MCZ1210AD102T 2 2
c179 c180 L1%0 an s apE <> sLowap(s:0)
22p 22p 3 § 3 § :
ND GND I A A
"MICBL" R160 « g
I I I <> AUDUEMCTRL(3:0)
220R GND
C152 C175 C183 | na "
100 100 | 1u0 <> UIDRV(5:0)
GND
MIC1_P MIC1_N
GND GND oD Y| |8 >  Hookint
&
14
i — PUSL(3:0)
1n 33 L153
"MIC1P" ‘ ‘ n "MICP" 1
Vleise 600R/L00MHzZ e
R153
33n c1sa
"MICIN' 1l M o
1HF:0) <>
llcasa 2x2k2
E150
c172 - <]
R155
GND MIC(2:0)
AUDIO(6:0) <__> 1n0 1/2 VWM16V
GND ~
R155
3 74
GND
2 12 VWM16V
"HOOKINT" 187
1n0
"MICB2" R173
LT ? i ? GND
220R
eND | SRE
MIC2_P MIC2_N na K U 3
c150 c176 c186 ol ]a
1 100 100 1u AR
"Mic2P"  c173 | GND GND [ ] &
1no GND
R175 :
H 33n wMicP* 1 <] xmic(2:0)
) ‘c170
271{ R162
R176
R172 | 3n Micn 0
1k0 lees 2x2k2
"MIC2N" L ol s
c174 gl |z
1n0
Lenp
GND
ciss |
"HEADINT"
e 5 <] HEADINT(1:0)
GND
<] XEAR(:0)
"HECM" “XEARN" 0
"HF "XEARP" 1
P cis7 cis6 G_AUDIO(11:0) >
C181 | GnB182 | ornp L
22p 22p 22p 22p
APE_GPIO(15:0) >
GND  GND
MCBSP2(5:0) >
"XEAR" IHE
AUDIO AMPLIFIER APE AUDIO(40)E>
az
LL‘ LL‘
XAUDIO(17:0) <__> R163 MIDIN MID|_P zz IHF_XEAR(1:0) >
—
€155 R167 \—k‘
18
e
33n 10k CH161
If
1!
C ‘58 R164 1n0 s )
GENIO(@31:0) <__> ‘ IHF speaker connection
A2,B2= GND 240R/100MHz
112262 !
100 c160 _| C2= VBAT J305 J305_8
22p = NF :
C162 - 514B011
H Risa m+ xgi — J306 J306_B
100n 2122k2 L152
&| | [—-sHutDO 240R/100MHz
o - BYPASS
C151
1n0
LM4890IBLX 1 1
N150 Cc164 | C165 c177 ci178
VBAT VBAT VBAT 22p | 22p a7p 47p
c167 GND  GND GND GND
100
R168 c168 c169
_— 100n 22p
14 LT

100k GND GND

Issue 3 05/2004 © 2004 Nokia Corporation Page 6



NICICL A Nokia Customer Care
Title: MultiGND Synbol Bypass

IRGND
GND

AGND1
GND

AGND2
GND

Title: 5 pin Production Test Pattern

PRODTP7 (SCK/MBUS)

(TXDIFBUSTXO) PRODTP2| PRODTPS (RXDIFBUSRXO)

(VPP) PRODTP6

2 3

6 70 8
6(GND

J396

MODULE_ID
module_id

OUTPUT—

Module_id: 399
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Schematics

© 2004 Nokia Corporation

> our

RH-19/RH-50

Page 7



NIC K LA Nokia Customer Care Schematics RH-19/RH-50

Title: Discrete Power Management

0
2
1
GND D200 oo VBAT
CHARGER(4:0) <__> RH:19: UEMK WDOG ENA T021/ RH-50: UEMK edge WDENA T025 ‘ 5*?(323”37
M9 VCHARIN1  VCHAROUT1 | N10 ‘ therm1 ‘
4 P9 VCHARIN2  VCHAROUT2 | P10
3 VBATT6 VBATT3 VBATT2 VBATT1 L6 ] VCHARINK VCHAROUTK | L9 0R22
=
D5 TESTMODE ~ VBATREGS | JM10 Cigé . ‘fgr?z
GND GNDREGS | L10
P8 VBATBB1 GlN[
N9 VBATBB2 PWMO | M7
N11 VBATBB3 pwmiC | P4
N14 VBATBB4 CHDISX | 4 M5
Al VBATBB5 -
ND
— :?ggoesm vANA| NS oL € f VANA
. 2
PWRONX [> pP7 PWRONX VFLASH1 | M8 VELASHL
VFLAstz | P VFLASH2
P1 OSCIN VCORE | M13 VCORE LIN co05 06
P2 BL |
oscouT o) vio g2 208
VBACK ‘ o3 s 207 C208
209 —L c210 VBACK GNDFLASH1 o VANA GND| O oND 10 oD GND
10p 10p | N3 VRTC Sio T
| v4__| osccap VDAAUD? | 4 N2 c235
c211 c212 e [z 23
1uo uo 1u0 AGND2
T cas VAN L 10 10 K4 | vbaaup1 EARN | ML 5
GND GND GND GND GND c214 4”—‘ xear [N T i
AUDIO(6:0) <__> AGND2 AGNDLL lc215 H2 MICBCAP
H1 MICB1 HEADINT | N6 -
J2 MIC1P HF| L1 1
Ji MICIN HFCM | L2 -
. vsaaup2 | L3
XAUDIO(17:0) <__> | AcND2 ‘ 1 VBAT
6Y5)4)3
\ H3 MICB2 VBATDRIV | F2 ca43 [\ o
1 33 Mic2P BUZZO | G2 1uo
2 J4 MIC2N VIBRA | G3
AGND1 K2 MIC3P CALLEDL [ El
AGND(2:1) AGND2 VFLASH1 8 K1 MIC3N CALLED2 [ E2
VIO 9 K3 MICSUB VSADRIVL | _F4 GND
AGND1 _[ M3 VSAAUD1 L
AcnD2 L N7 HOOKINT DLIGHT | F1 o
PWRFILTER KugHT | FS :
VBATT1VBATT2 VBATT3 VBATT4 VBATTS VBATT6 c4 VDD28 VSADRIV2 GI—_L GND vSiM 2
light A9 VDD18 3
c239 c3 4
VBAT VBATTO 1 VSIM
- 100n 77%& €10 PURX SIMIODAO | ;B2 0 5
B11 SLEEPX siMcLko | B3 1 —> '
VBATIN VBATTO 2 0]1]2 D9 SLEEPCLK SIMRST | A2 2 UIDRV(5:0)
VBATTO 3 GND <3 SIMCARDDET [ P6 3
- GND PUSL(3:0) 0 86 | EARDATA VSIMGND | A3 oND 0
1 A6 MICDATA L 1
VBATTO_4
— IRLEDC | N4 2 <> SIMIF3:0)
VBATTO 5 A10 UEMINT IRRXN 4 L4
- A8 .
AUDIODATA3:0) <__> CBUSCLK 6 5 <> IRIF20)
VBATTO 6 B7 CBUSDA MBUS
- 0J1 ﬂ 3 c8 CBUSENX ‘ 1
FBUSTXO | N5 2
AUDUEMCTRL(3:0)
< BS SIMIODAI FBUSRXO | P5 I
AS SIMCLKI R VANA
Connected through REG_CAP sub-block
3129i30 c5 SIMIOCTRL VDACONVRX | B13 C236 O ACCDIF(2:0)
Zoon LGND 0
ENIO31:0) <__> RXIINP | €13 0
© 12 B8 IRTX RXIINN | 4B14 1
B9 D12 2
6_POWER@LD) <> ‘ IRRX Fxane <0t 2
0j1 c6 MBUSTX  VSACONVRX | C12
FOR NEW GENIO MAPPING! 1 GND T VANA
IRIF_I(1:0) D6 MBUSRX <> RFCONV(9:0)
VDACONVTX | gF11 €237 | oo
A7 FBUSTXI Txioutp | Ell 100n 4
012 3}5 c7 FBUSRXI TXIOUTN | D14 2
TXQOUuTP | _E14
IACCDIF(5:0)
O D10 DBUSCLK TXQOUTN | _E12 7
ALL F12
sIM2MMCIF(3:0) <__> Oﬂz 510 gzﬂz:ﬁx VSACONVIX =22 Gnp o
AuxouT |_E13 I 1
RFCONVCTRL(2:0 >
VFLASH1 @0 A3 RFCONVCLK TXPWRDET |4 E4 I 2
AFCOUT | D13 ‘ VREFRFOL
VAN ClL_ . fRxiD <> RFAUXCONV(2:0)
GPIO(31:0) O Al4 RXQD VREFRFO1 | _H13 9
VREFRFO2 [ H14 8
Al2 TXID
R202 B12 TXQD VREF25BB | _G14 J
4x100k 0j1)2 3y5 D11 AUXD VREF25RF | G13 I
co Vss VREF278 | H12
RFCONVDA(5:0) <__>  —— REG CAP | |
R206 GND = =—=C230 =—=C231 C234 228 c229
0 — R207 c2 BSI ccp | P12 cp maxwell 100 100 100 100 100
| S
1 — D3 BTEMP CCN | M1l CN
2 a7 - g; KEYB1 vPUMP | N13 VPUMP
3 c1 KEYB2 Ni2 GND GND GND GND GND
4 Ls GNDVRL =25 6np IMIODA_IN SIMIODA_OUT
5 E3 VCXOTEMP
6 D4 PATEMP VRIA | P14 VRIA
VRIS | Mi2 VRIB
VBATT4 P13 VBATVR1 VR2 | L12 VR2
@ VBATVR2 VR3 | _J12 . VR3
J14 VBATVR3 VR4 | K14 o VR4
L L L L VBATTS K1l VBATVR4 VRs | 911 VRS
€220 €240 c241 C242 ~? K13 VBATVR5 VRe | L13 VR6
SLOWAD(E) 10n 10n 1n0 1n0 VBATTL L11 VBATVR6 VR7 |_K12 .
~* L14 VBATVR7 h
IPAL | F14 C224 C226 C222 c227 C223
Foo———> IPAL 10 1u0
1GND F6 | GNDTHL 1pa2 | _F13 PA2 1u0 1u0 u U0 u
£ GNDTH2 ISET (G125 iseT GND GND GND GND GND
F8 GNDTH3
F9 GNDTH4 VBG |_J13
G6 GNDTHS DC_DC VCORE
G7 GNDTH6 UEMRSTX | A4 empty
G8 GNDTH7 SMPSCLK | B4 —| VREF VCORE
G9 GNDTH8 Capacitors located in REG_CAP sub-block
H6__{ GNDTHY GNDTH13 | J6 VCORE_LIN VCORE_LIN
H7 GNDTH10 GNDTH14 37 —— co32 GENIO(31:0) GENIO(@31)
H8 GNDTH11 GNDTH15 | J8 100 o O“L— GENIO(3L:0)
H9 GNDTH12 GNDTH16 | 39 ;
"Both 0603 and 0805 size 1uF capacitors used !" G_POWER(11:0) O SE‘:A??VSVEEGLO)
GND GND  GND
SMPSCLK

FOR NEW GENIO MAPPING!
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NICICL A Nokia Customer Care
Title: Light Filtering

Schematics

VBATIN >

Issue 3 05/2004

L260
> VBATTO_1
600R/100MHz
__|C260
—T1u0
ND
L261 G
> VBATTO_2
600R/100MHz
_|C261
—T1u0
GND
L262
> VBATTO_3
600R/100MHz
_|C262
—T1u0
GND
L264
> VBATTO_4
600R/100MHz
_|C264
—T1u0
L263 C_ST\I D
> VBATTO_5
600R/100MHz
_ |C263
—T1u0
GND
L265
> VBATTO_6
600R/100MHz

© 2004 Nokia Corporation
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NICIKCL A Nokia Customer Care Schematics
Title: DC/DC Convertor
VCORE_LIN [> <] vcore
GENIOBL10) [>
G_POWER(11:0) [>
UEMRSTX [ >
smpscLk [>
vRer [>
Title: PWR Resistor 0805 thermal1
Will be changed to reference number in viewpoint
R200
222?
RES_IN | > I > RES_OUT
0R22
Title: SIM Reader for RH-19/RH-50
SIMDATA SIMRST  SIMCLK
N N N
R388
SIMIF(3:0) < > EMIF03-SIMO1
3
2 SIMRST R1
1 SIMCLKO el R2 CLK
0 SIMIODAO —R3
GND X387
GNDL 91485-0001 V%\lM
TrT TIITTY : ;
N 2 | SIMCLK SIMDATAg
T SIMRST VSIM[,
GENIO(31:0) < RH»1CS:34972p 2 VUsim N
RH-50: 10p
"PIPPI" SIM READER __GND
SIM2MMCIF(3:0) ‘- Ll
o oz
GND
G_SIM(7:00> 1 L c300
C391 100n
47p
GND GND

Issue 3 05/2004

© 2004 Nokia Corporation
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NIOCOKK LA Nokia Customer Care Schematics
Title: RH-19/RH-50 Filters / No IR Interface present in this project

RH-19/RH-50

SIMIODA_IN> > SIMIODA_OUT
IACCDIF(5:0)
1 UPP input
ccP[> l i is grounded, when IR
C238 i 1
T case %5’2 GND is not used!
GENIO(31:0) < >
ceNn>
VPUMP[>
1u0 L
C219 I
oD GPIO(31:0) <>
VRI1A
IRIF(2:0)
2
<1:u2021 GND UEM IR level shifters
o are ground, when IR

IRIF_I(1:0) is not used!

0

GND
VFLASH2 VSIM VR6

C204
C203 C225
I . I : I :

Title: Module ID

OUTPUT [>

X399
1

GND

Issue 3 05/2004 © 2004 Nokia Corporation Page 11



NIC K LA Nokia Customer Care Schematics
Title: UPP 8M Implementation

J402
D400
RH-19: UPP8M V2.2
RH-50: UPP8M V3.5

J403

J404
°

RH-19/RH-50

<> PUsLE0)

ALl K2 0
JTAG_EMULATION(6:0) <__> l TESTMODE PURX
- SLEEPX L1 1
0 GND C4_ |iteik SLEEPCLK | 4 H3 2
1 A2 JTRST
2 A3 JTDI EARDATA E2 o
3 C3  lytms MICDATA F2 1
4 B3 ]JTDO 3405 3406 3407 3408
5 B2 45| EMUO UEMINT J2 0 .
<> = AUDIODATA(3:0)
6 Al o lEMUL CBUSCLK Gl 1 1 <=
CBUSDA G2 2
0 B4 | GENTESTO CBUSENX F3 3
1 BS _|GENTEST1 o
2 c5 GENTEST2 GENIO31 D1 »
<> AUDUEMCTRL(3:0)
GENIOZ0 | C2 30 <
DSP_MCUTEST(2:0) <__> 9 Bl ] GENIOO GENIO29| D2 N
- 1 Al2 GENIO1 GENIO26 B1
2 AL3 .| GENIO2 3409 1410 Ja11 Ja12
3 B12 _ | Genios RTX | H2 0
IRRX | o G3 1
. A4 VDDDSP1 2 26
GENIO(31:0
10 <> c1 VDDDSP2 MBUSTX E3 [ 3
El VDDDSP3 MBUSRX | D3 [ 4
D5 VSSDSP1 ‘ 5
VCORE D4 |vsspsp2 FBUSTX F1 ‘
VCORE F4 VSSDSP3 FBUSRX E4 r 3413 J414 3415
IACCDIF(5:0}
K1 VDDPLL DBUSCLK K3 0 <= 0
J4 VSSPLL DBUSDA L3 1
VCORE DBUSEN1X 3 2
UPPFILTER VCORE VIO J1 VDDCOREL
discrete N8 VDDCORE2
J13  {VDDPDRAM1 RFCONVCLK | N3 0 <> RFCONVCTRL(20)
VCORE A9 VDDPDRAM2 ~ GENIO18 K4 1
H4 VSSCOREL 2 18
VIO K7 |vsscorez RXID L4 3 16
H10 ]vssPDRAML GENIO16 M4 4
VCORE LIN — D8 |vsSSPDRAM2 RXQD | o N4 5
- VIO GENIO17 [ o KS
RFCONVDA(5:0)
GND L N10 |vppIo1 TXID| M2 17 <>
H1 VDDIO2 GENIO14 N1 14
A6 VDDIO3 TXQD N2 15
F13 |vDDIO4 GENIO15 M3 N
K9 vsslo1 AUXDA L2
l G4 |vssioz
GND D7 |vssios GENIO13 | _E12 13
Net_length max=25mm e10 Vssio4 GENIOS o 3
MEMADDA(15:0) <__> 0 — GENIos| D12 s
N5 |vDDA GENIO7 [ E10 7
GENiog [ E1l 8 RFICCTRL(2:0
0 N7 o fo GENIO9 | D13 9 < (20)
Net lengh - 1 M8 __ |1 GENIO10 |__F10 10
. et _length max=2smm 2 BT P GENIO11 | F11 1
MEMAD(24:16) <__> : Ko P N Es o
4 M2 |4
5 N3 15 RFBUSCLK | G11 0 <] rrcik
cepao) < > 6 L13 .16 RFBUSDA | 45F12 1
7 1. 17 RFBUSEN1X | G13 2 <] RFCLKGND
s | EXTADDA  GENIO25| G12
9 M7 g (0015
DIFDATA(7:0) <__>
o 10 ‘ M9_pto RFCLK | o M5 <> Lcouizo)
11 | | M10 10 VSSA LS
. 12 M1l . |11
DIFCTRL(3:0) <__> e ‘ il " cENIO28 o6
14 ‘ \ L2 |13 GENIOa[ A7
. 15 K13 14 LCDCAMCLK | C6 1
uss_pic(e0) < \ 12 . l1s LCDCAMTXDA B6 1
GENIO27 A5 2
SDRAD(15:0) <__> 13 El 1‘75 Lepesx | €7
18 L9 _lis EXTAD GENIO19| o B13
. 19 K8  _l19 GENIO20 | Cl11 25
SDRDA(15:0 .
asi0) <> 20 Kiz |20 [ 16122 cenoz1 | c12 28
21 H12 {21 GENlO22 | C13 4
SDRCTRL(8:0) <__> ig ke 22 i;
K10 FLSRSTX POO | g5 D9 0 20
J416 pJ417 p 418 AL0 1 21
RFCONV_ANA(16:0) <__> poL
CONV_ANAQE0) 0 f@ fﬁ N9 EXTWRX P02 | 4B10 2 22
1 i L7 EXTRDX P03 | ,C10 3
RFCONV_DIGI(16:0) <__> s P04 | ;D10 4
<] FLs2csX
3419 53420
0 <> 3 M6__ | FLSBAAX P10 A8 5
ePIoELo) 4 N1l lFLsPs P11 B8 6
5 M13 _ | FLSAVDX P12 c8 7
- 6 N12 _ IFLsCLK P13 | 4y B 8
ETM(21:0
ero) <> 7 N6 FLSCSX P14 c9 9
8 H13 [FLSRDY P15 B7 10
23 M1 GENIO23 .
KEYB(10:0)
24 310, | GENIO24 <
Net_length max=25mm
MEMCONT(2:0) <__>

Issue 3 05/2004 © 2004 Nokia Corporation
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NIOICIL A Nokia Customer Care
Title: Discrete Decoupling Capacitors for UPP

VDDDSP VDDDSP VDDMCU VDDCORE
C400 C401 C402 C403
10n 100n 10n 10n

GND GND GND GND

VDDIO l VDDA i
c404I c405T
10n 10n
GND GND
Title: Testpoints based Ostrich Inteface
VBAT
J470
. »J471  GENTESTO/STITXD
JA4T2 GENTEST1/STISCIk
0
a4
2 A JAT3 STIRXD
/

R J4T4

JGND

psp_mcuTesT:0) >

Issue 3 05/2004

VCORE

VCORE_LIN

VIO

Schematics

© 2004 Nokia Corporation

RH-19/RH-50
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NIC K LA Nokia Customer Care Schematics RH-19/RH-50
Title: GSM RF - Baseband Interface

RFCONV/RFCONV_O: 0: RXIP
1: RXIM
2: RXQP
3:RXQM
0 0 4:TXIP
; ; 5: TXIM
. 6: TXQP
G_RF_BBEL10O) <__> s 5 o
4 4 9: VREFRFO1
5 5
6 6
7 7
8 8
9 9
RFCONV(9:0) <__> <> RFCONV_0(9:0)
1424
g GENIO/GENIO_O
13 13 5. TXP
5 5 6: RESETX_MJOEL
6 6 9: RESETX_BIF
7 7
8 8
9 9
10 10
11 11
12 12
GENIO@3L:0) <__> <> GENIO_0(31.0)
R424
220k
RFAUXCONV/RFAUXCONV_O 0: TXC
0 0 2: BU_AFC
1 1
2 2

RFAUXCONV(2:0) <__> <> RFAUXCONV_0(2:0)

J421 J422 J423

0 : 0 RFICCNTRL/RFICCNTR_O 0: RFBUSCLK
1 1 1: RFBUSDA
2 2 2: RFBUSEN1
RFICCTRL(2:0) <__> <> RFICCTRL_0(2:0)
PUSLEO) <> <> PusL_0(30)

RFAUX(1:0) <] > rraux_o@o)

0 0
1 1
5 5
6 6
stowan(s:0) <1t < SLOWAD_O(6:0)
Lrrecik <1 < LPRFCLK_|
c420
R420 !
| —
rrcik < 1 1 i < RFCLK_|
100R
100p
R426
1k0
RFCLKGND ISET <J RFCLKGND_|
CONSTANT CURRENT SET RESISTOR
GND
c426 FOR RF POWER AMPLIFIER
o (see UEM sheet) <>  RFCONV_ANA_O(16:0)
R422
GND 27k
RFCONV_ANA(16:0) <__>
<>  RFCONV_DIGI_O(16:0)
GND
RFCONV_DIGI(16:0) <__> These components are only assembled if LPRF is not used <3 RFCLK_I_GPS

RrcLk GPs <]

Issue 3 05/2004 © 2004 Nokia Corporation Page 14



NIOKL A Nokia Customer Care
Title: Combo Memory 64 + 4 Mbit

Issue 3 05/2004

MEMFILTER

noflashlcap

VFLASH1

VIO

VPP

Schematics

MEMADDA(15:0) <__>

MEMEXTENSION

MEMAD(24:16) <_>

MEMCONT(9:0) >
GENIO@BL0) <__>

GENIO@EL0) <>
MEMAD(24:16) <_>

MEMADDA(15:0) <__>

empty

MEMADDA(15:0)
MEMAD(24:16)
MEMCONT(9:0)

GENIO(31:0)

= G_MEMORY(3:0)

MEMCONT(9:0) >

GENIO@3L0) <__>

MEMAD(24:16) <__>

MEMCONT(3)

MEMCONT(@:0) >

MEMCONT(8)

4k7

N
[¢]
~

JJ

Ji
o}
a1

&
9
&

=)
(9}
W

~
el
N

Q

©
o]
=3}

A5,B1,D8=VIO
A7=VPP

A3,B10,C1,D3= GND

FLS2CSX
MEMWING
empty
GENIO(31:0)
= G_MEMORY(3:0)
MEMAD(24:16)
MEMADDA(15:0) FLS2CSX
MEMCONT(9:0) FLSCSX
D450
K5U64418TM-TD90
FLASHM 4Mx16
SRAM 256kx16
MEMAD(16) B2 |16
MEMAD(17) A9
MEMAD(18) B8 A
MEMAD(19) A8
MEMAD(20) B3 |20
FLASH/SRAM
MEMAD(21) A2 | A21/_LB
/MEMAD(ZZ) Al0 A22/_UB
B7 ~] _wp/_Cs
MEMCONT(6) A4 | e FASH oyl AL
MEMCONT(9) B6 RESET
B9 | cEF NC| 1 ~E4sl
ne| 2 eE4s2
Ncl 38 ~E453
COMMON NC|_4 ~ E454
MEMCONT(5) B4 AVD NC| 5 ~E455
MEMCONT(0) A6 | “we NC| 6 ~EA456
MEMCONT(1) c10 ] oe NC| 7 rE4ST
|/ MEMCONT(2) Bs, | Ps NC| 8 ~E458
| C
D10
0 <| VADDRESS/DATA I/
S Y

MEMADDA(15:0) <__>

G_MEMORY(3:0) <__>

© 2004 Nokia Corporation
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NICICL A Nokia Customer Care

Title: Discrete Capacitors for Memory without VFlash1

C450 |
10n

[ cas1 |

100n

GND

c454 |

100n

— VIO
| GND
> VFLASH1
— VPP
GND

Title: Empty Wing Sheet
MEMADDA(15:0) <___>

MEMAD(24:16) <__>

GENIOB3LO) <__>

G_MEMORY(3:0) <__>

MEMCON

T(9:0)

=

Issue 3 05/2004

Schematics

> FLS2CSX

> FLSCSX

© 2004 Nokia Corporation

RH-19/RH-50
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NICICL A Nokia Customer Care

Title: Test and Emulator Inteface

JTAG_EMULATION(6:0) <>

Schematics

JTAG

testpoint

JTAG_EMULATION(6:0)

OSTRICH

testpoint

DSP_MCUTEST(2:0) <__>

DSP_MCUTEST(2:0)

ETM

empty

JTAG_EMULATION(6:0) <>

JTAG_EMULATION(6:0)

pUsLE:0) <__>

PUSL(3:0)

ETMERL0) < >

Issue 3 05/2004

ETM(21:0)

© 2004 Nokia Corporation

RH-19/RH-50

Page 17



NICICL A Nokia Customer Care
Title: Testpoints for JTAG Emulator

Schematics

JTAG_EMULATION(6:0) [_>—

Issue 3 05/2004

JTAG
TESTPOINTS
J480 JTMS
Ja81 JTRst
J482 JTDI
VIO
3 23483 vee T
/1
/2
e —
0
L5 ] 03484 1TDO
/6
D JTCIk_ret
» 3486 JTCIk
#3487 EMUO
1488 EMU1
1489
GND

© 2004 Nokia Corporation

RH-19/RH-50
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NICICL A Nokia Customer Care

Title: RF Top Sheet

POWER_AMP

VBATTRF_

VBD

DET

VPD_900/VPD_850
VPD_1800

TX_900/TX_850
TX_1800

VTXLO_900/VTXLO_850

VTXB_900/VTXB_850

TX_GSM
TX_DCS_PCS

PA_IDENT

VBATTRF

VR1A VR2 VR3 VR4 VR5 VR6 VR7 VIO
N N

Issue 3 05/2004

Components: 800 - 899

Schematics
RXIINP
RXIINN
RXQINP
RXQINN
V_BS VREF1
VBD RFBUSEN1
RFBUSCLK
RFBUSDA
DET RESET
VPD_900/VPD_850
VPD_1800
TX_900/TX_850
TX_1800 TXC
TXP
VTXLO_900/VTXLO_850
TXIOUTP
TXIOUTN
TXQOUTP
VTXB_900/VTXB_850 TXQOUTN
RFCLK_|
TX_GSM
TX_DCS_PCS
PA_IDENT HGR_TEMP

RXIINP
RXIINN

RXQINP

RXQINN

VREF1

RFBUSEN1

RFBUSCLK

RFBUSDA

ANAARNARERVIVY

RESET

TXC
TXP

TXIOUTP
TXIOUTN

TXQOUTP

TXQOUTN

> rrokl

Components: 600 - 799

© 2004 Nokia Corporation

H > HGR_TEMP
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Schematics RH-19/RH-50

NICICL A Nokia Customer Care
Title: Power Amplifier

52
R832 na
¢ < VBD
il - =
DET
C803 R831
27p OR

L805

< VBATTRF_

na
~ -
42R/100MHz
R801 L i 810 L ce13 ji c815 c816 c817 c812
K7 C826 C825 4p7 3p3 33u_16V 18p ap7 2u2 835 C836 C837
100n 100n na 1p2 3p3 47p

L804

R802 VY.
42R/100MHz

V801
SMS-282C-TR1

< PA_IDENT

* N801
dependent on HWID/Product R823 VIXB_900]
| I < -
VIXB_850
1 P 180R
dnt in 112
GSM1800/1900 csis 1606 822
€802 L801 2 Vpetrl |11 27p N
V-5 GSM1800/1900 €820 RH-19:10nHG 3k9
27p  RH-19: 900/1800/1900 MHz 19- RH-50:8n2H
RH-50: 850/1800/1900 MH 3 | Pout Vpetrl 110 Ri-19:27p
e : GSM1800/1900  EGSM900 RH-50: 4p7
B1_OUT [ |BLIN 4 | Vbat Pin| 9 R805 || -
m™esm < GSM1800/1900  EGSM900 1 c822 ca24
B2_OUT § g B2_IN 5 | vbat Vixio | 8 S 27p 3p9
R803 EGSM900 EGSM900 S Il Il <] ™00/
coup TERM 6 | Pout o o ‘ Il I X850
yos EGSM900 o o c821 V802 L8o7
Tx_bcs pcs < F—— 7,13= GND i i RH-19: 1p8 NEG8119-T1 5n6H
- C801 RH-50: 1p5
ap7 RESNET_6DB
GND J
L c823 gy ¢
1p8  3n3H =
na na %?27 R819 < TX_1800
L808 = o
9 12nH 17R6
I B ¢ 1nsH S } S }
na & Q
< (]
| GND | GND 1 1
RESNET_3DB
R821
. 1 < VPD_1800
100R
c832 R820
15n 1k0
na
EDMS component codes are valid
N
Module code
R818
I <] VPD_s00/
Agilent Variant Hitachi Variant 100R VPD_850
Ref cc Type Ref cc Type 12830 Rk817
n 1k0
na
N801 | 4350369 QCPM8893 N8O1 | 4350409 PFO08 125B8-03
L712 | 3646117 5N6 L712 | 3646131 3N9
<] V™wo_s00/
VIXLO_850

L712 placed on Mjoelner sheet.

Issue 3 05/2004
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.
Title: Mjoelner
RXINP <
RXINN <
RXQINP <
RXQINN <
J615 L608
I I R713 1 jas5ke
3n9H 2 1 < TXIOUTP
L601 R713" 2 /45k6
c601 €602 - L c715 <] TxouTN
1p0 1p0 C702 | C701 | C703 1n8H 68p 4 3
6p8 | 6p8 | 27
J616  J617 618 P P P 630
1p0 3611
L602 R713 4 /45k6
< TXQOUTP
J_ZE ingH 1612 c16 8r713” 3 1ske e
- TXQOUTN
68p 6 5 <J ™
T 20 J701
1 ol1d1d 1960MHZ L603 J613 r’
R717 212 2k2
= Aol
esm > z SIS 27 614 1 RTL7 2 22k2 <J m
S 16 Zoor GSM Rx 6 ce31 \—<:| T>C
GSM_Tx PCS-RX_ 4 1p0
" ocs/| DIPLEXER DeSRX 5 P L604 R718 cnr cr18
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NIOCOKK LA Nokia Customer Care Schematics RH-19/RH-50

Component layout diagram, top
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NIOCOKK LA Nokia Customer Care Schematics RH-19/RH-50

Component layout diagram, bottom
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