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802.11b/g/n Wireless LAN Daughter board V2.1

Introduction

This daughter card featured with full function of
802.11b/g/n including WM-N-BM-02.

This multi-functionality via LGA to connect and provides
SDIO/SPI (option) interface for WiFi.

The small dimension and low profile physical design
make it easier for system design to enable high
performance wireless connection without space
constrain. The low power consumption and excellent
radio performance make it the best solution for OEM
customers who require embedded 802.11b/g/n WiFi
features, such as, Camera, Wireless PDA, Smart
phone, MP3, PMP, slim type Notebook, VolP phone
etc.

Features

The card is based on Broadcom BCM43362 chipset ® Lead Free design which supporting Green
which is a WiFi SOC. The Radio architecture and high design requirement, RoHS Compliance
integration MAC/BB chip provide excellent sensitivity \

with rich system performance. The card is designed as

single antenna for WiFi for the application of small size ~ ®  Small size suitable for low volume system
hand-held device. Integration

In addition to WEP 64/128, WPA and TKIP, AES, CCX

is supported to provide the latest security requirement ® Low power consumption and excellent power
on your network. management performance extend battery life
For the software and driver development, USI provides . o _

extensive technical document and reference software ® Easy for integration into mobile and handheld

code for the system integration under the agreement of device with flexible system configuration
Broadcom International Ltd.

o

Hardware evaluation kit and development utilities will
be released base on listed OS and processors to
customers.

Free

All rights are reserved by USI. No part of this technical document can be reproduced in any form without permission of US|
2




802.11b/g/n Wireless LAN Daughter board V2.1

Change Sheet
Rev.|Date Description of change Approval & Date
Page |Par. Change(s)
1.0 |02/06/13| Al All  |Draft version for Review
1.1 |103/16/13| Al All  |Add Rx item
1.2 {03/20/13| 6 2 |Add PMU account
1.3 ({04/19/13| 6 2  |Modify the picture
1.4 {06/21/13| All All  |Customer requirement
1.5 106/25/13| 25 all | Recommended MSD baking sp
1.6 {07/02/13| 11 5.5 Antenna spec. modify to Ante
1.7 |107/17/13| Al All  \WM-N-BM-02_D-REF1
1.8 107/19/13| Al All  |Change WL_RST, LAN ETB and
information correc
1.9 |107/23/13| 8 5.2.1
2.0 [10/03/13| Al All
2.1 (11/18/13 5.
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1. EXECUTIVE SUMMARY

The WM-N-BM-02_D-REF1 is one of the product families in USI's product offering, targeting for

system integration requiring a smaller form factor. It also provides the standard migration to high
data rate to USI's current SIP customers.

implementing the measurement.

This product is designed for use in embedded applications main
required small size and high data rate wireless connection, su
type Notebook, Media Adapter, Barcode scanner, mini-Printe
could be the potential application.
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2. BLOCK DIAGRAM

The WM-N-BM-02_D-REF1 is based on Broadcom BCM43362 solution.
It supports generic SPI (G-SPI), SDIO interface to connect the WLAN to the host processor.
Below is a simplified block diagram of WM-N-BM-02_D-REF1:

VEBAT VDDIO

’ LGA ’

ANT

SDIQ —‘
LGA
£ WM- N-BM-02 D-REF1
: 8501-600600-01
:
Daughter board
WM-N-BM-02 on Daughter Board
The BCM43362 contains_a Po ement Unit (PMU), a buck mode switching regulator,
and three low noise e ted regulators simplify power supply design in WiFi

embedded designs.

WM-N-BM-02_D-REF1
e Unit Test / Qualification report

* Product Specifications

» Agency certification pre-test report base on adapter boards
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4. REFERENCE DOCUMENTS

C.I.S.P.R.
Pub. 22

CB Bulletin
No. 96A

CFR 47,
Part 15-B

CFR 47,
Part 15-C

CSA C22.2
No. 950-95

EN 60 950

IEC 950

IEEE 802.

"Limits and methods of measurement of radio interference
characteristics of information technology equipment." International
Special Committee on Radio Interference (C.I.S.P.R.), Third Edition,
1997.

and Amendments 1 (1991), 2(1993), 3 (1995)
Categories: Meas, Med, Off, Tron." IEC Syste

"Unintentional Radiators". Title 47 of the
Part 15, FCC Rules, Radio Frequency [

"Intentional Radiators". Ti ) [ Federal Regulations,
Part 15, FCC
http://www.access.qp(*ov/n

Equipment including Electrical
anadian Standards Association,
uly 1997.

"Safety of Information
Business Equipment i

"Safety of
Busi

ology Equipment Including Electrical
an Committee for Electrotechnical

Technology Equipment Including Electrical
European Committee for Electrotechnical

nt."

ions.” Institute of Electrical and Electronics Engineers. 1999.
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5. TECHNICAL SPECIFICATIONS

5.1 ABSOLUTE MAXIMUM RATING

Supply Power Max +3.6 Volt

Non Operating Temperature | - 40° to 85° Celsius

Voltage ripple +/- 2% Max. Values not excee Operating
voltage

5.2 RECOMMENDABLE OPERATION CONDITION

5.2.1 TEMPERATURE, HUMIDITY

The WM-N-BM-02_D-REF1 has to withstand the ope

table: ’

gnts as listed in below

Operating Ambient Temperature -20° to 65 siu SDIO/SPI version

Humidity range % condensing, relative humidity

5.2.2 VOLTAGE

Power supply of WM-N-BM-&D- by the host via the power pins

Symbol me Typ. Max. Unit
VBAT 3.3V Power Sup 3.3 3.6 V
VDDIO 2.9 3.3 3.6 Vv

PTION (SDIO, GSPI MODE)
Power consumption Typica Max.
Bm output power @ 25C (11b), 3.3V 250mA 310mA
Tx @ 10dBm output power @ 25C (119g), 3.3V 180mA 250mA
Tx @ 10dBm output power @ 25C (11n, HT20), 3.3V 180mA 250mA
Rx @25C, 3.3V 70mA 130mA
Module Limit The Module Maximum Current ( for reference) - 700mA

a. For 1Mbps Max. current

b. For 6Mbps and 11n HT20 MCSO0 Max. current

c. Include USB mode and SDIO mode max. current range
[ | Include EVB power consumption
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5.3 WIRELESS SPECIFICATIONS

The WM-N-BM-02_D-REF1 complies with the following features and standards on USI EVB:
Features Description
WLAN Standards IEEE 802 Part 11b/g/n (802.11b/g/n)
Frequency Channel Band | Channel 1 (2.412GHz) — Channel 14 (2.484GHz )
+/- 2dB Tolerance of Power Setting
Standard Power Settin
Tx Power IEEE 802 Part 11b
IEEE 802 Part 119
IEEE 802 Part 11n

5.4 RADIO SPECIFICATIONS

Features Description
Frequency Band 2.412GHz — 2.484GHz (2. @A ]
Modulation DBPSK, DQPSK, CCK,, 160QAl Q
Multiplexing OFDM, DSSS (Dire d Spectrum)
Supported rates 11b: 1, 2,&,11 bps
119: 6, 9, 12, 48,

11n: MCS 0 ~

Supported Channel

b/g/n ; CH14 for IEEE 11b

Receiver Characteristics at RE connegtor

Typical Max. Unit

PER <8%, Rx Sensitivity @ 11 N -87 -82 dBm
PER <10%, Rx Sensitivity @ -72 -65 dBm
-69 -64 dBm
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5.5 ANTNENNA PARAMETER (REFERENCE ONLY)

Normal Impedance 50 Ohms
Operating Frequency | Channel 1 (2.412 GHz) — Channel 14 (2.484 GHz ) Hz
Radiated Efficiency’ | Up to 55 %
Peak Gain™* -3 = Peak = 3.8 dBi

Gain pattern position

Gain pattern

iy
l',’lli
.

W = i
5 !‘\‘ﬁ'/’/’lll i TR
\ sy e
WS

s11t

EE00 e

=2 2454000 GH=  -j4.214 4B

1= 2400000 GHz 171,156 dB| |

£x0.00

15.00

10.00

5.00

.00

+10.00

+15.00

e0.00

25.00

=Ch: Stare 200000 GHz —

Stop 3.00000 GHz
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VSWR*!

1.00

00 | T T | 2400000 GHe 17655
‘\l =2 | 2484000 GHe 1.4840
10,00 \
5.00 " },/ S ——"
\ /
8.0 !
|
7.00 \ /
g0 4
500 \
400 b z
' 7
3.00 -
7
k3
200 -
ey

*Ch1: Start 200000 GHz —

|
Stop 300000 GHz

'For reference only.
’Peak gain measured with 0dBm reference input.

5.6 THROUGHPUT CONDITION REFEREN
Data Rate IEEE 802 Part 11n MC

HW Setting

SW Setting®

Uint
11n MCS7 Tx 33.4 345 34.3 Mbps
11n MCS7 Rx 31.2 31.6 31.4 Mbps

mmunicat an 802.11n Access Point in an open environment

or reference only.
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5.7 REFERENCE EVB CIRCUIT

3

<

K
Kt
ci14
R32 4 7uF 0402
ORINL L
| J3
1 z
I WILAM_RESETE <X ¢ WILAN_RESTE  %DODIO 3.3
s010_00 Rad 3 4
23 >>_D‘§‘/\’__ s000_D0 SOI0_CLK ——feqpp— << 30I0_CLK 23
s010_01 5 fi
oz~ A S lenin o SDIN_CMD Sy —— S010_ChD 23
7 2 RaT s010_D2
33 SDI0_D3 —fmarh s010_D3 s010_D2 Dﬁv\/ g3
9 10
GND GO0
11 12
GMDDZ GMNDD3
13 14
GHNDD4 GHNDOS
15 16
WBAT 1 wBAT WEATD WEAT
l 17 18
CH GNDDG GNDDT
4.FuF 0402
19 0
— GNDDS GHNDDY
1 2
GHND10 GHND11
3 4
GNDZ GNDZ
5
GHND14
H1 H2
GNDS GHNDE
H3 H4
GNDIT GND18
Socket_16_Smmx10mm_BEwl
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A
Jg
TR 1hva!n:lraﬂ oo :-:g r TP12
[ 12 555010_01
TR 3 4 rTFIS
[ 3 4 =y »uE010_Do
RS
: 81, o8 I 8010 CLK - ¢ BDIO_Pw
R4 il N FTRE spip woo
"
05 . o ETPIE YODIO
" 8 10 [ mepio_cwp  OROEDS 5
TP& 1 12 rTFﬁ"
- 11z »pa000_o:
- TP1g
LE AL f 55010 02
Tm; 15 16 rTHQ E36 Power Option YODI0 3 3o ——mme—
w 15 8 On -> Test Fixture {5V Source) Rl
HEADER Bx2/HL ORD80S
s — 0ff -> USB Power
= = 3.3
T
VDDIOo-—R0R, - QROE0S |
FE301 Power Option
On -> USB Power
OEf -> Test Fixture {5V Source)
J30z
LB Type-B SOI0_Pw
FR301
B0 RAED
LS 1 o 2
e m— S T banz
= Jo3E_OF £a06 CABOGKT
T ooir 2| led 0603 smdz
— C307 C308 *
47pFiNL] 47pFiNL =
i i i R307
Z20R YODIOY3
= VBAT_IN
¥ Uz
‘ 1 ]
EN GHD
CSJ_ C7 J_ IL T Rad ce7
mudegssgﬁs T o.1uF T R WIN GNO . gk T I0uFmE0s
SMm 3|
YEAT_IM G “OUT  GND
bt 100- 182N = = 1 an ano
R41Z  DIDSINL header1DD_2
WBAT _EXTe—v——q 1 2 = =
WEAT_IM : WEAT RT9153H-P8 . .
P _REG_3WHe—— e —— R419 DR/DEDS

R4z0 DR/DE0S

Ext-Power Option
R418 ->= BD use {(3.8V Source)

R420 -> Test Fixture {5V to 3.9¥ Source)

cinz
1000uFy 16%

et

JP401 for Module Current Measure
C202 iz Tank Cap.

Rda
15K
o0z
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5.8 TIMING DIAGRAM OF INTEFACE
WIFI BOOT-UP Sequence

12 768 kHz

Sleep Clock

VEAT J'-Hamptime fraom O to 4.3 = 40 s

08y
VDO HO _,f"r
— = ] Slgep Clock cycles
WLAN_RESETB
EXT_SMPE _REQ
- 4— = 1.5 m35
+

VR
[from internal PRALY) Y —

Internal POR l,;'r

After a fixed delay fallowing internal POR going high,

i —i
=30 ms the deyice responds to kot FO [addréss Oxld) reads,

L]
Dawvice requests far reference clock ,-‘Ir
) - " After & ms the reference clock
i% agsumed to be up, Access to
PLL ragisters is possible.

Pl Host Interaction:

Hest polls FO [address Ox14} until it reads

a predefined pattern.
Host sets wake-up-wian bit
1
and waits 8 ms |, the .
maaimum time for After 8 ms, the host
reference clock availability. pragrams the PLL registers ta
_spt the orystal fregquency
WL _IRC Chip-active interrupt is asserted after the PLL locks
Hast downloads
[ i

! This wait time is programmable in sleep clock incremaents fram 1 to 255 (30us to 8ms)

WIFI BOOT-UP Sequence
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SDIO TIMING
SDIO timing in default mode

- frp >
N twi - - twn >
iy — =t —
oty 5 — "‘_tIH_"l
Input
Output
— oy
- (max] (min]
SDIO Bus Timing Paramﬁw e)\
Parameter Symbol Min Typical Max |Unit
Clock CLK (ALl values are referred to min. VIH and max. VIL)
Frequency--Data Transfer Mode fPP 0 - 25 |MHz
Frequency--Identification Mode foD 0 - 400 | kHz
Clock Low Time tWL | 10 - - ns
Clock High Time tWH | 10 - - | n§
Clock Rise time tTLH | - - 10 | ns
Clock Low Time (THL | - - 10 | ns
Inputs: CMD, DAT (referenced to CLK)
Input Setup Time tISU 5 - - | s
Input Hold Time tIH 5 - - | ns
Outputs: CMD, DAT (veferenced to CLK)
Output Delay time--Data Transfer Mode tODLY | 0 - 14 | ns
Output Delay time--Identification Mode tODLY | 0 - 50 | ns

All rights are reserved by USI. No part of this technical document can be reproduced in any form without permission of USI
15




802.11b/g/n Wireless LAN Daughter board V2.1

SDIO timing in High-Speed Mode

+ fep

L

. L

50% VDD

.
_/ /

L 4

I

twh

Y

~_
Ry

L J

by —

F 1

— )5 = — 1t —

trin—

Input
Output
\
- tooLy ‘:\ > —{ou—
SDIO Bus Timing Paw Mode)
Parameter Syinbol | Min | Typical | Max | Unit
Clock CLK (all values are referred to min. VIH and max. VIL)
Frequency--Data Transfer Mode fFP 0 - S0 MHz
Frequency--Identification Mode oD 0 - 400 kHz
Clock Low Time tWL 7 - - ns
Clock High Time tWH 7 - - ns
Clock Rise time tTLH - - 3 ns
Clock Low Time tTHL - - 3 ns
Inputs: CMD, DAT (referenced to CLK)
Input Setup Time tIsu [ - - ns
Input Hold Time (IH 2 - - ns
Outputs: CMD, DAT (referenced to CLK)
Output Delay time--Data Transfer Mode tODLY - - 14 ns
Output Hold time tOH 2.5 - - ns
Total System Capacitance (each line) CL - - 40 PF

16
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GSPI Timing
T
T2 T3
— T2 T5
= \ ’
SPI_CLK % Vi p
TG Tr
SPI_DIN dEin
T8 T
SPI_DOUT

{falling edge)
Parameter Symbol Minimum
Clock period T1 . Fmax= 48 MHz
Clock highflow 1213 | (0-45%T1) ;

Clock rise/fall time

Input setup time

ns

Setup time, SIMO valid to SPI_CLK active
edge

Input hold time

Hold time, SPI_CLK active edge to SIMO

NS linvalid
o . Setup time, SOMI valid before SPI_CLK
utput setup time ns rising
Output hold time ns Hold time, SPI_CLK active edge to SOMI

invalid

ns

CSX fall to 1st rising edge

ns

Last falling edge to CSX high

Sleep
The radio,

e for entire duration of SPI read/write/write_read transaction (i.e.,

, PLLS, and the crystal oscillator are powered down. The rest of the module

remains powered up in an IDLE state. All main clocks are shut down. The 32.768 kHz LPO
sleep clock is available only for the PMU sequencer. This condition is necessary to allow the

PMU sequencer to wake up the chip and transition to Active mode. In Sleep mode, the primary
power consumed is due to leakage current.

All rights are reserved by USI. No part of this technical document can be reproduced in any form without permission of USI
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5.9 DIMENSIONS, WEIGHT AND MOUNTING

The following paragraphs provide the requirements for the size, weight and mounting of the
WM-N-BM-02_D-REF1.

5.9.1 DIMENSIONS

The size and thickness of the WM-N-BM-02_D-REF1 is “10 mm (W) x 16.5 mm (L) x 1.8 mm
(Max)(H).

Mddule layout placement

ER TECHNICAL CONSTRAINTS
-REF1 is pre-tested to ensure that all requirements met as set forth in the

cation) requires the antenna of targeted system with a lead-time of 6

[ product deliverable shall be a pre-tested WM-N-BM-02_D-REF1 . No level
certification on WM-N-BM-02_D-REF1 .

All rights are reserved by USI. No part of this technical document can be reproduced in any form without permission of USI
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7. PIN OUT AND PIN DESCRIPTION

Pin Description

16 15
-\J |J
|
L s
/22 21
I \
25 24

TWew

w20

23

1‘i4 1F 1+ 1’{1 m \9_

T Pm3
~—Pin2-

Pl

RN
Pin# [Pin Name Type Refer IDescription
A 4 Signal - Active low WLAN reset signal
|Power 3.3V |Digital 1/0 supply
Signal - SDIO data 0.
Signal - SDIO clock.
Signal - SDIO data 1.
Signal - SDIO data CMD.
SDIO D3 Signal - SDIO data 3.
SDIO D2 Signal - SDIO data 2.
GND |Power GND Ground
15 \VBAT [Power 3.3V [Battery supply input
16 VBAT [Power 3.3V IBattery supply input
17to 25 GND Power GND Ground

All rights are reserved by USI. No part of this technical document can be reproduced in any form without permission of USI
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8. REFLOW PROFILE GUIDELINE

The reflow profile is dependent on many factors including flux selection, solder composition
and the capability of user's reflow equipment.
USI does not request a specific reflow profile but provides the following general guidelines:

mend lead

The solder composition typically sets the peak temperatures of the profile. Re
free solder pastes SAC305: Type 4, water soluble or no clean are acceptable.

B Reflow equipment needed at least nine heater zones. Recommen i e reflow
oven with Nitrogen.

B It is recommended that the peak temperature at the solde
maximum component temperature should not exceed 245°C.

B It is recommended that time above 217°C for the s jOi yeen 40-90s, and with
a minimum of 40s. ’

l Optimal cooling rate is <1°C/sec. from peak t
Il To develop the reflow profile, it is re e user place thermocouples at
various locations on the assem t all locations meet the profile

requirements. The critical location ints of SiP Module.

When developing the ref ile, | ded that the actual fully loaded assembly be
used to make sure that th Ss is accounted for.

All rights are reserved by USI. No part of this technical document can be reproduced in any form without permission of USI
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RECOMMENDED REFLOW PROFILE

TEMP (C)
Reflow area Cooling rate
< 1C/sec
245
ClImnd
217 4 B
200 D
Pre-heating area B \“\
i A
150 He;atlng ratf
< 3Crs
100 //

y

(1) Solder paste alloy : SAC305 (Sn96.5/Ag3 /Cu Free solder paste.)

X type, reference only)
(3) C. Peak temp: <245°C

(4) D. Time above 217 °C: 40~90sec.

(5) Suggestion: Optimal coo@r ' from eak to 217 C.
(6) Nine heater zones at '

All rights are reserved by USI. No part of this technical document can be reproduced in any form without permission of USI
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9. PACKAGE AND STORAGE CONDITION

This tag comaing
MOISTURE-SENSITIVE DEVICES
1

1 Ban, see

1. Casloulated shedl e in sealed hag!12 months a1<40°C and
<B0% relative humldiy(RH]
2. Peak package body lemparatuna; =25

s v et bt i
3. fter bisg I opencd, devices that will be subjested to reflaw

sodder o othier high lemperature process must be
Kl gurs of faztory conditions

b it

4. Dexioas require bake, bafare mounting, if:
a) Humldity Indicator Card reads >10% for level 2a-5a
dewloas or =50% far level 2 devloes when read 8t 231 5°C
b 3a or 3 ane not mat
5. 1f paking |5 required, refor so IRCISEDED SSTRAS for
hake procedure
Bag Seal Daie:;

1 e, s ot b e ek
Mota: Lewvil and body temparature defled by IPCUEDEC JSTO020 |

9.2 EMC/ESD LEVEL REQenC

According to FCC and CE st rd
Surface Resistivity:

Interior:10°~10™Q/S

EXTERIOR:10°%~10%
Dimension:475*420m
Tolerance:+5,0m
Color:

-

y
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9.3 MSL Level/Storage condition (Reference only)

GAUTION
This bag contang 3
MOISTURE-SENSITVE DEVICES =~ ke

T e I =1-1]

1. Calculated Shelf life in sealed bag: 12 months atl < 40T and < S20%Pelative humidity (RH)
2. Peak packags body temperatura 250 C
IF Blank, s e aceni bar oode kb
3. After bag is opened, Devices that will b subjected to raflow salder ar othar kigh tamparature pracess must
[a) Mounted within: 168 frz. OF factory conditions = 30°C f60% RH, OR
Il Blank, fati adjacend b cods labal
Ib) Stored at < 10TRH.
4. Devicas raquire bake, befare maounting, it
[a) Humidity indicator Card iz >10% whean read at 23125°C

IB) 3a ar 3b nat mat.
5. If baking is raquired, Devices may be bakad fer 24 brs a1 125550
MNote: If davice containers cannat ba subjectad 1o high tamparature
Or shortar bake timeas are desired. Relarance IPCAIEDEC F5TD-033 for bake procedurs
Bag Zaal Date: MNats! Laval and bady lemparature definad by IPC/JEDEC J-5TD-020

Il Blank, £aa adjaeend har oo laba

~
Q\
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9.4 Recommended MSD baking Specification  (Reference only)

If the MSD control over the MSD Level standard ( MSD level standard refer IPC/ JEDEC ),
please reference below request to make baking.

[ RIS (R SR
Kind Need to baking status [Baking specification.
e L 1 HA PR B R &
ZESiEaged
MSD REfE R R E [Reel
ComponentOVer the control date 60°C +5/-0 °Cx60 /J\H:;jt‘(hr
or sealed package
didn’t work

k, please contact the following:

cientific Industrial Co., Ltd.

141, Lane , Taiping Road, Sec. 1, Tsao-Tuen, Taiwan,
Http://www.UsT.com.tw

Tel: + 886-49-2350876, 2325876

Fax: +886-49-3439561, 2337360,2351093
E-mail:usi@ms.usi.com.tw
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Federal Communication Commission Interference Statement

This equipment has been tested and found to comply with the limits for a Class B
digital device, pursuant to Part 15 of the FCC Rules. These limits are designed to
provide reasonable protection against harmful interference in a residential installation.
This equipment generates, uses and can radiate radio frequency energy and, if not
installed and used in accordance with the instructions, may cause harmful interference
to radio communications. However, there is no guarantee that interference will not
occur in a particular installation. If this equipment does cause harmful interference
to radio or television reception, which can be determined by turning the equipment off
and on, the user is encouraged to try to correct the interference by one of the
following measures:

- Reorient or relocate the receiving antenna.

- Increase the separation between the equipment and receiver.

- Connect the equipment into an outlet on a circuit different from that to which the
receiver is connected.

- Consult the dealer or an experienced radio/TV technician for help.

FCC Caution:

Any changes or modifications not expressly approved by the party responsible for
compliance could void the user's authority to operate this equipment.

This device complies with Part 15 of the FCC Rules. Operation is subject to the
following two conditions:

(1) This device may not cause harmful interference, and

(2) This device must accept any interference received, including interference that may
cause undesired operation.

FCC Radiation Exposure Statement:

This equipment complies with FCC radiation exposure limits set forth for an
uncontrolled environment. This transmitter module must not be co-located or
operating in conjunction with any other antenna or transmitter.

This End equipment should be installed and operated with a minimum distance of 2
millimeter between the radiator and your body.

IMPORTANT NOTE:

In the event that these conditions can not be met (for example certain laptop
configurations or co-location with another transmitter), then the FCC authorization is
no longer considered valid and the FCC ID can not be used on the final product. In
these circumstances, the OEM integrator will be responsible for re-evaluating the end
product (including the transmitter) and obtaining a separate FCC authorization.
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