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1.0 Introduction

1.1 Description

The AU9472 R2 isan integrated USB keyboard and 2 port hub controll ip. TheAU9472
R2 has a built-in default keyboard matrix, so that it can be directly connect 18x 8
keyboard matrix. The keyboard matrix can be customized viaan optional external 1024-byte
serial EEPROM. Downstream ports can be used to connect various USB peripheral devices,
such as USB printers, modems, scanners, cameras, mice, and joysticks to the system without
adding external gluelogic. It also supports multimediavolu ontrol, Eb/DVD Play/Pause,
Stop, Eject, Mute and general purpose shortcut keys suc] email and help.

This single chip integration makes the AU9472 R2 themost ¢
solution available in the market.

fective hub/keyboard

1.2 Features

Fully compliant with the Universal Bus Specification, version 1.1
USB hub design is compliant wit jversal Serial Bus Hub Specification, revision 1.1

I3

TN N

Support CD/DVD Play/Pause, Fast Forward, Rewind, Stop, Eject, Mute (up to 24 keys)
Additional general purpose keysfor internet, email, help...shortcuts, up to 16 keys.

T T S e |

3

age regulator allows single +5V operating voltage drawing directly from
his results in reduced overall system cost.

NN

ilable in 64-pin LQFP package.
INTRODUCTION 1
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2.0 Application Block Diagram

and joystick. The multimedia function keys are designed to support volu
Play/Pause, Stop, Eject, M ute and general purpose shortcut keys for on
and help.
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3.0 Pin Assignment

The AU9472 R2 is packed in a64-pin Quad Flat Package (LQFP). Thefollowing
shows the signal names for each of the pins on the chip of aLQFP package. Thetableon'the

following page describes each of the pin signals.
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Table 3-1. Pin Descriptions

N

Pin# |Pin Name 10 Type Driving Capability [Description | |
1 GNDIO GND Ground
2 VHV 5V Power Supply 5% input
3 VCC33 Regulator 3.3V Output
4 WAKUPKYN INPUT, PULL UP ACPI wakeup key
5 SHUTDKYN INPUT, PULL UP A CRL shutdown key
6 SCAN_M2 INPUT,OUTPUT,PULL DOWN|16mA, 50KOhm Row/Scan'Line
(dedicated for
mm/shortcut keys)
7 SCAN_M1 INPUT/OUTPUT,PULL DOWN|16mA, 50KOhm Row/Scan Line
ledicated for
m/shortcut keys)
8 SCAN_MO INPUT/OUTPUT,PULL DOWN 16mA@QK m Row/Scan Line
KW (dedicated for
mm/shortcut keys)
9 SCAN_RI18 INPUT/OUTPUT,PULL DOWN|16mA 50K Ohry” Row/Scan Line
10 SCAN_R17 INPUT/OUTPUT,PULL DOWN| lﬁr/‘nMOKth Row/Scan Line
11 SCAN_R16 INPUT/OUTPUT,PULL DOWNJ|I6mA, 50KkQhm Row/Scan Line
12 SCAN_RI15 INPUT/OUTPUT,PULL DOWN[L6mMA, 50K Ohm Row/Scan Line
13 SCAN_R14 INPUT/OUTPUT,PULL DOWN|16mA, 50K Ohm Row/Scan Line
14 SCAN_R13 INPUT/OUTPUT,PULL DOWN]|16mA, 50K Ohm Row/Scan Line
15 SCAN_R12 INPUT/OUTPUT,PULL)T)ﬁWN 16mA, 50KOhm Row/Scan Line
16 SCAN_R11 INPUT/OUTPUT,PULE DPOWN]|16mA, 50K Ohm Row/Scan Line
17 SCAN_RI10 INPUT,PULL UP,PULL DOWN|16mA, 50KOhm Row/Scan Line
18 SCAN_R9 INPUT,PULL UP,EHIZL DOWN([16mA, 50KOhm Row/Scan Line
19 SCAN_C8 INPUT,PULL UP 2.5K Ohm Column line
20 SCAN_C7 INPUT,PULLUP. /] 25K Ohm Column line
21 SCAN_C6 INPUT,PUDL UR_ 2.5K Ohm Column line
22 SCAN_C5 INPUT,PULL\UP 2.5K Ohm Column line
23 SCAN_C4 INPUT,PULR OP 2.5K Ohm Column line
24 SCAN_C3 INPUT,POEL WP 2.5K Ohm Column line
25 SCAN_C2 INPUT,P 2.5K Ohm Column line
26 SCAN_C1 INPUT,PULL UP) ) 2.5K Ohm Column line
27 SCAN_RS8 INPUT/OUTPUT,;RPULL DOWN|16mA, 50K Ohm Row/Scan Line
28 SCAN_R7 INPUT/OUTPUT,PULL DOWN|16mA, 50KOhm Row/Scan Line
29 SCAN_R6 INPUT/OUTPUT,PULL DOWN|16mA, 50KOhm Row/Scan Line
30 SCAN_R5 INPUT/@QUTPUT,PULL DOWN]|16mA, 50K Ohm Row/Scan Line
31 SCAN_R4 WPUT/OUTPUT,PULL DOWN|[16mA, 50K Ohm Row/Scan Line
32 SCAN_R3 NRUT/OUTPUT,PULL DOWNJ[16mA, 50K Ohm Row/Scan Line
33 SCAN_R2: INPUT/OUTPUT,PULL DOWN|[16mA, 50K Ohm Row/Scan Line
34 SCAN_RL PNPUT/OUTPUT,PULL DOWNJ[16mA, 50K Ohm Row/Scan Line
35 BIN INPUT Rotary encoder input ‘B’
36 VCC3K' Kernel 3.3V Input +3V power supply
37 GKIDK~\ Kernel Ground Ground
38 AIN INPUT Rotary encoder input ‘A’
39 WRW OUTPUT 8mA Port 1 power/Gang power

enable (gang mode)

PIN ASSIGNMENT 6




40 DP20OVRCUR INPUT,PULL UP 50KOhm Port 2 ove%@rmw
active
41 DP2PWRUP OUTPUT 8mA Downstr, pbﬂ%
power en%
actiy
42 DP10OVRCUR INPUT,PULL UP 50KOhm ({\ffo\k\m\r@}( low]
43 LED1 OUTPUT 8mA w 1-low
Hacti drain
44 LED2 OUTPUT 8mA / A ddj 'onal LED 2 —low
/ acti open drain
45 NUM_LOCK OUTPUT 16mA QILL:D/ ck LED —low
\ |J open drain
46 CAPSLOCK OUTPUT 16mA [Cap Lock LED —low
active — open drain
47 E2PCLK OUTPUT AmA EEPROM clock
48 E2PDATA INPUT/OUTPUT,PULL UP  [S0KOhm EEPROM data
49 NC No Connection
50 MODEKEYN INPUT Fn Key
51 USB2_DM INPUT/OUTPUT oA USB downstream port 2
D-
52 UsB2 DP INPUT/OUTPUT mA USB downstream port 2
D+
53 USB1 DM INPUT/OUTPUT & & 16h}Ar> USB downstream port 1
D-
54 USB1 DP INPUT/OUTPUT W USB downstream port 1
D+
55 USB_DM INPUT/OQUTPUT 16mA USB upstream D-
56 USB DP INPUT/OUTPUT 16mA USB upstream D+
57 VCCAP Analog 3.3V Input’ Analog VCC
58 GNDAP Analog Growid ) Analog ground)
59 XTAL_2 OUTPUT/ 12MHz crystal output
60 XTAL_1 INPUT | ) ) 12MHz Crystal input
61 RSTN INPUT Reset — low active
62 MUTEKEYN INPUT,RULLC-UP— 50KOhm Mute key, low active
63 SLEEPKEYN INPUTNPNLL UP 50KOhm ACPI
(Sleep/wakeup/power
down) — low active
64 SCROLL_LOCK 16mA Scroll_lock LED output —

OUTPUE \

low active —open drain

&
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4.0 System Architecture and @
Reference Design @

4.1 AU9472 R2 Block Diagram

AUAT2Blok Diagram
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4.2 Sample Schematics
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4.3. AU9472 A2 Keyboard Hub EEPROM Sample Value

Offset Hex value Description
00 00,07 Configuration Byte 1 bit O : Individual power,
Byte 1 bit 1 : Wakeup/'on any \
Byte 1 bit 2 : Select ge by HID
feature.

Byte 1 bit 3 : Enable discol power change.

Byte 1 bit 4 : Disable Hub(keyboard only).

Byte 1 bit 5 : Enable Volume Up/Down Keys
(Disable rotary encoder).

Byte 1 b6 : Enable@it Report (16 hits-id3,8-
idl)

Byte M : Enahle Port Error

02 BLC3 LoByte : Rointer toHu d@é descriptor
000h ROM
HiByte : Xfer end address + 1

04 1C,35 LoByte : Pointer to Hub configuration descriptor  000h ROM
address
HiByte : Xfer + 1 (config+interface+endpoint)
06 C3,cC LoByte : Poifiter to-HUB Class descriptor (0x29)  000h ROM
address
HiBytg ' /Xfer end address + 1
08 CCDE LoByfe : Pointer to Keyboard device descriptor
ROM address
iByté»Xfer end address + 1
0A 35,57 oByte/: Pointer to Keyboard configuration descriptor
i : Xfer end address + 1 000h ROM
(config+interface0+HI DO+endpoint1+interfacel+HI D1+endpoint2)
oc 47,50 oByte: Pointer to Keyboard HID descriptor (0x21)
Interface O
%i yte: Xfer end address + 1
00h ROM address
OE 70,B1 LoByte : Pointer to Keyboard Report descriptor (0x22) Interface O
HiByte : Xfer end address + 1 000h ROM
Q address
10 60, LoByte: Pointer to Keyboard HID descriptor (0x21)
Interface 1

HiByte: Xfer end address+ 1
000h ROM address

12 54,02 LoByte : Pointer to Keyboard Report descriptor (0x22) Interface 1
HiByte : Xfer end address + 1 start in 200h ROM
address

end in 300h ROM
address

SYSTEM ARCHITECTURE AND REFERENCE DESIGN 11



14 02,06 LoByte : Pointer to string descriptor (index 0) 300h ROM
address
HiByte : Xfer end address + 1 C
16 06,12 LoByte : Pointer to string descriptor (index 1) 300h RBM\
address
HiByte : Xfer end address + 1
18 12,3A LoByte : Pointer to string descriptor (index 2)
address
HiByte : Xfer end address + 1
1A 3A,42 LoByte : Pointer to string descriptor (index 3 3 ROM
address
HiByte : Xfer end address + 1
1C 09,02,19,00,01,01,02,E0,32 | Config Desc. 1 interface, self powered, remow&_@/loom
Total bytes returned : 0x19
25 09,04,00,00,01,09,00,00,02 | Hub interface descriptor, interface 0. Class code 0x9, Sub Class 02
2E 07,05,81,03,01,00,FF Hub endpoint descriptor
35 09,02,22,00,01,01,02,E0,32 | Keybrd Config Desc. 1 interfaces, Self powered, remote wakeup,
100 mA 6
Total bytes returned : 0x22
3E 09,04,00,00,01,03,01,01,02 | Keyboard interfazwl\escri[{tgf, |r\té§fa?e/}> Class code 0x3.Boot
subclass
47 09,21,10,01,00,01,22,41,00 | Keyboard HID 1.1 descriptor , Cduritpy code=00
50 07,05,81,03,08,00,0A Keyboard endpoint deseriptor.
57 09,04,01,00,01,03,00,00,02 | Added Key interface(descriptor, interface 1. Class code 0x3.
subclass 02, (KB 1'interface, ed key Not Used)
60 09,21,10,01,00,01,22,AE,00 | Added Key HID 4,1 descriptoy, Country code=00
69 07,05,82,03,04,00,FF Added Key endpgint descriptor
70 05,01,09,06,A1,01,05,07, Keyboard re descriptor
19,E0,29,E7,15,00,25,01, ﬁﬂ
75,01,95,08,81,02,95,01,
75,08,81,01,95,05,75,01,
05,08,19,01,29,05,91,02,
95,01,75,03,91,01,95,06,
75,08,15,00,26,FF,00,05,
07,19,00,2A,FF,00,81,00,
C0
B1 12,01,10,01,09,00,00,08, Eu device descriptor, version 1. 1, change VID,PID
8F,05,13,92,01,00,01,@é§ ise version 1
00,01 riptor length
\glk%/ ce Descriptor
10 0+USB Version 1.1
09 Hub class
00 Sub-class
Q 00 Device Protocol
08 Maximum packet size
VV VV Vender ID — Hub Vender ID (058F)
PP PP Product ID - Hub Product ID (9213)
01 00 Device release number
01 Index of Manufacturer string descriptor
02 Index of Product string descriptor
00 Index of serial number string descriptor — no serial number
01 Number of configuration
C3 ,29,83,00,00,16,64,02,FF | Hub class descriptor.

09 Descriptor length
29 Hub Descriptor

SYSTEM ARCHITECTURE AND REFERENCE DESIGN
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03 Number of downstream port — one keyboard and 2 ext
ports

0C 00 Individual Over-current, compound device, g
switch

16 Power good wait time 16hx2 mS

64 Maximum current required (100 mA)
02 Port 1isnot removable

FF Port power control mask

N

CcC 12,01,10,01,00,00,00,08, Keyboard device descriptor, version 1.1, ¢ e Pl
8F,05,72,94,01,00,01,02, Device version 1

00,01 12 Descriptor length
01 Device Descriptor
1001 USB Version 1.1
00 Class defined in interface descriptor
00 Sub-class
00 Device Protocol
08 Maximum packet size
VV VV Vender ID Keyb d Vender JD»(058F)

ID (9472)
ng/descriptor
g descriptor — no serial number
configur,

DE 00,00, Spare bytes for expandi e Key report descriptor
00,00,00,00,00,00,00,00, wj\m
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,

100 39,2C,4E,3A,3B,3C,3D,3E, Keyljdard Matrix 8x18
3F,40,41,42,43,53,47,5F,
60,61,56,5C,5D,5E,57,59,
5A,5B,62,63,58,44,45,46,
34,35,4D,31,1D,1B,06,19,
05,11,10,36,37,38,4C,5
24,25,26,27,2D,2E,2A,
14,1A,08,15,17,1C,18,0C,
12,13,2F,30,28,51,04,16,
07,09,0A,08,0D oﬁ%
32,4A,52,4B,48,50,4F,49,
00,89,E0,E4,E8,E2,E6,54,
8B,E3,00,00,67,88,00,8A,

E1,87,00,00,E5,66,E7,65,
64,29,1F1F,20,21,22,23,
00,00,00,0 00,00@00,
00, ,00,00,00,
00.0! 0,00,00,00,
190 Keyboard Matrix 8x14

0,00,
,61,56,5€,5D;5E,57,59,
A\5B;62,63,58,44,45,46,
2,35 4D,31, D,1B,06 19,

2F 30 58 4E O4 16
07, 09 0A,0B,59,5A,5B,57,

SYSTEM ARCHITECTURE AND REFERENCE DESIGN
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32,4A,4B,4B,48,4A,4D,49,
00,89,E4,E4,E8,E2,E6,54,
8B,E3,00,00,67,88,00,8A,
E1,87,00,00,E5,66,E7,65,
64,29,1E,1F,20,21,22,23,

00,00,00,00,00,00,00,00,

S

200

00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,

Spare bytes for expanding the Added Key report d riw

254

05,0C,09,01,A1,01,85,01,
09,E0,15,E8,25,18,75,07,
95,01,81,06,15,00,25,01,
75,01,09,E2,81,06,C0,05,
01,09,80,A1,01,85,02,19,
81,29,83,15,00,25,01,75,
01,95,03,81,06,75,05,95,
01,81,01,C0,05,0C,09,01,
A1,01,85,03,95,01,75,01,
15,00,25,01,0A,21,02,81,
06,0A,8A,01,81,06,09,B7,
81,06,09,CD,81,06,09,E9,
81,06,09,EA,81,06,0A,92,
01,81,06,0A,24,02,81,06,
0A,8A,01,81,06,0A,23,02,
81,06,0A,21,02,81,06,0A,
26,02,81,06,0A,27,02,81,
06,09,E2,81,06,09,00,81,
06,09,00,81,06,95,01,75,
08,81,01,05,08,09,19,75,
01,91,02,09,2A,91,02,95
01,75,06,91,01,CO,

Added Key report
(KB 1interface, Added k

302

04,03,09,04

TCang.l D array, (index 0), change string

306

0C,03,
41,00,4C,00,43,00,4F,00,52,00,

Leng/Stf_desc, (index 1)
Manufacturer, A,L,COR

312

Leng, Str_desc (index 2), change string
Product,
AU94,72, Keyboard, Hub

33A

Leng,Str_desc (Serial number, index 3), change string
1,2,3

342

,06,00,00,00,00,
0,Q0,00,00,00,00,

00,
,00,06;00,00,00,00,00,
,80,00,00,00,00,00,00,

Spare bytes

SYSTEM ARCHITECTURE AND REFERENCE DESIGN 14



00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,00,00,
00,00,00,00,00,00,

SYSTEM ARCHITECTURE AND REFERENCE DESIGN
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4.4 Sample Key Matrix Layout Table

Thistableis asample key matrix. The AU9472 R2 can also mask this matrix as defaul
without an external EEPROM .

Table 4-1. Sample AU9472 R2 Key Matrix

H1 H2 H3 H4 H5 H6 H7 H8
Vi1 = Left
V2 | Alt-Left Japan /\Qlt-Right Japan
V3 Ctrl-Left CapsLock CtrI-Rigty r Korea-Right]
V4 | Korea-Left Shift-Right Japan Shift-Left
V5 Z A Back-Space ~ 3 We =4 Tab
V6 X S = 1! ( <]}ér\\ § =8 5 Q
V7 F3 F5 Print-Screen|  Pause Fti_ F9 F F1
V8 Esc F4 F12 Scroll-L ocy F1I0— F8 F6 F2
V9 M J 7& 6" U K < Y
V10 N H 8* 5%./ I L > T
V11 B G 9( 4 (6] A R
V12 Y F 0) Q 3% \ P Space-Bar E
V13 C D - 2@ [{ PgUp9 =6 W
V14 | Page-Up Page-DN \(UKN\ = - * Pg Dn 3 InsO
V15 Home End & + / 2 . Del
V16 Insert Del e & & Num Lock End 1 Enter (Pad)
V17 / & Right
V18 < Japan Japan Rev.Key Brazil

&
SYSTEM ARCHITECTURE AND REFERENCE DESIGN 16




5.0 Electrical Characteristics

5.1 Absolute Maximum Ratings

SYMBOL | PARAMETER | RATING | UNITS |
Vee Power Supply -0.3106.0 \%
Vin Input Voltage -0.3t0 VCC+0.3 \Y/
VouT Output Voltage -0.3t0 VCC+0.3 \Y/
Power Supply for Dual )
Vees Oxide Cdls 0.6t06.0 Vv
Power Supply for Dual
Vins Weroméfcyd g u -0.310 Vees +0, v
VouT Output Voltage -0.3 fo.Vgs +0.3 N
Tt Storage Temperature -55 t0 150 °C

5.2Recommended Opera

)

onditions

SYMBOL | PARAMETER MIN | TYP  MAX |
Vee Power Supp 30 33 36 V
Vin mpULV%ﬁ>K 0 - Vec \Y
Vees Commerdi ply o
m Dum 475 | 50 | 525 C
Industrial Power Supply 45 50 55 Vv
for Dua Oxide Cdlls
Vins Input.V oltage 0 - Vees v
N é mereial Junction 0 25 115 oc
T L)gm{ng Temperature
J ndustrial Junction -40 25 125 oc
| ~Operating Temperature

ELECTRICAL CHARACTERISTICS
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5.3General DC Characteristics £§

SYMBOL | PARAMETER CONDITIONS |
I Input leakage current no pull-up or pull-down -1 ] ?2A
loz  |Tri-state leakage current 1|/ 2A
Cina 3.3 Input capacitance \28 | /) ?F
CouTts 3.3 Output capacitance 2.7 49 ?F
3.3V Bi-directional buffer

2
Caios capacitance 27 49 F
Cins 5V Input capacitance 2.7 56 ?F
CouTs 5V Output capacitance ?F

5V Bi-directional buffer

) 2 5.6 ?

Caips capacitance /y F

O

5.4 DC Electrical Characteristics/£or 5 volts operation

MIN = TYP | MAX |UNITS|

J

ViL Input Low Voltage 0.3*Vee \Y
Vin Input High Voltage CMOS 0.7*Vec \Y
ViL Input Low Voltage TTL 0.8 \Y
Vin Input High Voltage TTL 20 vV
Vi Schmitt trigger negative going I cMos 178 \%
threshold voltage
Vis Schmitt trigger positive going CMOS 320 \%
threshold volt
V.. |Schmitt trig@it@&ve going TTL 1.10 Y,
threshol d velt:
Vis Schmitt(tri ositive going TTL 190 \%
thresheld bgtéc:geQ
VoL |Output fow voltage loL=2, 4, 8,12, 16, 24 mA 04 v
Vou  |Odtputhigh voltage lon=2,4, 8,12, 16, 24 mA 35 Vv
R Input Pult-up/down resistance VL =0y or V\4=Vcc 50 K?

ELECTRICAL CHARACTERISTICS 18



5.5 DC Electrical Characteristics for 3.3 volts operation

(Under Recommended Operating Conditions and Vcc=3.0v ~3.6v, Tj = 0°C o@ )

SYMBOL | PARAMETER CONDITIONS | MIN TYP ! MAX |JUNIT
ViL Input Low Voltage CMOS 0.3*Vec | V
Viy Input High Voltage CMOS 0.7*Vcé \ V
Vi Schmitt trigger negative going CMOS Ezo/j \%

threshold voltage
Vis Schmitt trigger positive going CMOS 210 \%
threshold voltage
VoL Output low voltage lon=2, 4, 8,12, 16, 24 mA 04 V
Vou Output high voltage lon=2,4,8,12,16,24mA\ | 24 V
R Input Pull-up/down resistance Vi =0y or Viu=Veé 75 K?

5.6 Crystal Oscillator Circuit Setupfo racterization

The following setup was used to me: he open loop voltage gain for crystal oscillator
circuits. The feedback resistor servesto bigsthe circuit at its quiescent operating point and
the AC coupling capacitor, Cs, is much larger than C1 and C2.

N

Rf=1M-Ohm
N N
1 XIN >0 XouT [So—+F]
;v —1 —L 2 1l c3
() T 10F T 10pF T 10F
W V4 4 V4

ELECTRICAL CHARACTERISTICS 19



5.7 USB Transceiver Characteristics

RECOMMENDED OPERATING CONDITIONS
SYMBOL | PARAMETER CONDITIONS LIMITS UNIT}
MIN MAX
Vee DC supply voltage 3.0 3.6 V-
\ DC input voltage range 0 55 V
Viio DC input range for I/Os 0 Vce \ \Y /
Vo DC output voltage range 0 Vee W
Tave Operating ambient temperature | See DC and AC 0 70 C
range in free air characteristics for
individual device

ABSOLUTE MAXIMUM RATINGS (Notes 1 and 2)
In accordance with the Absolute Maximum Rating System%i{@es are referenged to GND (Ground=0v)

SYMBOL | PARAMETER CONDITIONS LIMITS UNIT
MIN MAX
Ve DC supply voltage ( & \O\@ +6.5 V
e DC input diode current VI<0 / -50 mA
V, DC input voltage Note 3 -0.5 +5.5 V
Vio DC input voltage range for 1/Os -0.5 Vce V
+0.5
lox DC output diode current Vo> Ve or Vo<0 +-50 [ mA
Vo DC output voltage | Note -0.5 Vcc Y
+0.5
b DC output source sink current WV c +-15 | mA
for VP/VM and RCV pins
b DC output source or sink Vo=0to Vcc +-50 [ mA
current for D+/D- pins
lec, Teno DC Vcc or GND curreﬁ\ +/-100 [ mA
Tsro Storage temperature range \ -60 +150 C
Pror Power dissipation per package mwW
NOTES:

1. Stresses beyond those listed r&j%cause permanent damage to the device. These are stress ratings
only and functional operation e device at these or any other conditions beyond those indicated
under "Recommeé erating Conditions" is not implied. Exposure to absolute maximum rated

ea nction temperatures which are detrimental to reliability. The maximum
junction termperature of this integrated circuit should not exceed 150 C.
i ut voltage ratings may be exceeded if the input and output clamp current ratings

ELECTRICAL CHARACTERISTICS 20



DC ELECTRICAL CHARACTERISTICS
Over recommended operating conditions. Voltages are referenced to GND (Ground=0V).

LIMITS
SYMBOL | PARAMETER TEST CONDITIONS -40C to +85[C NIT
MIN  TYP MX
VHYS Hysteresis on inputs Vcc=3.0V to 3.6V (Note 3) [ 0.3 04 |05
VIH HIGH level input Vce=3.0V to 3.6V (Note 3) '15-/]20 V
VIL LOW level input Vce=3.0Vto 3.6V (Note 3) [ 0.8 [ 1.1 N\ [V
RoH Output impedance (HIGH Note 2 28 4 3 ohm
state) &} /
RoL Output impedance (LOW Note 2 28 35—14 ohm
state)
VOH HIGH level output Vce=3.0V lo=6mA 2.2 2.7 Vv
(Note 3) Vce=3.0V lo=4mA 24
Vce=3.0V 10=100?A 2.8
VOL LOW level output Vce=3.0V lo=6mA 0.3 0.7 Vv
(Note 3) Vce=3.0V Io=4m¢\ 0.4
Vee=3.04 1o=100 0.2
IQ Quiescent supply current Vce=3.6V &NGN& 330 [600 |[?A
10=0
Isup Supply current in suspend Vce=3. 6V<\/<Vcchgc}§ 70 2A
10=0
IFS Active supply current (Full Vce=3.3 9 14 mA
Speed)
ILS Active supply current (Low Vcc/-8/3V 2 mA
Speed)
ILeak Imput leakage current VE¢£3.6V VI=5.5V or +- +- ?2A
—GJ\ID not for 1/O Pins 0.1 0.5
IOFF 3-state output OFF-state / RVi=Vih or ViL; Vo=Vcc or +-10 | 2A
current GN
NOTES: M
an =25C.

1. Alltypical values are at Vcc=

2. This value includes an external xesistor of 24 ohm +/-1%.
details.

3. All signals except D+ an

&

ELECTRICAL CHARACTERISTICS

See "Load D+ and D-" diagram for testing
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AC ELECTRICAL CHARACTERISTICS
GND=0V, t: = t- =3.0 ns; C. = 50pF, RL=5000hms

SYMBOL | PARAMETER WAVEFORM UNIT
LIMITS (Tawe)
0Cto +25C 0Cto +70C
MIN  TYP MAX MIN MAX

tpLH VMO/NPO to D+/D- 1 0 12 0 14 S
tpHL Full Speed 0 12 0 14
trise Rise and Fall Times 2 4 9 20 4 20 ns
tfall Full Speed 4 9 20 4 20 \
tRFM Rise and Fall Time 90 110 |90 110 [ |

Matching

Full Speed
tpLH VMO/NPO to D+/D- 1 120 | 300 300 |ns
tpHL Low Speed 120 | 300 300,
trise Rise and Fall Times 2 75 300 /1,7 30 ns
tfall Low Speed 75 209/ “73 200
tRFM Rise and Fall Time 70 1307 [ 70 0 [%

Matching }E

Low Speed L 7\
tpLH D+/D- to RCV 3 9 16 ns
tpHL 9 / /{g\ 16
tpLH D+/D- to VP/VM 1 4 8 8 ns
tpHL A 8\/ 8
tpHZ 12 12 ns
tpZH OE# to D+/D- RL = 4 12 12
tpLZ 5000hm 10 10
tpZL 10 10
tsu Setup for SPEED 5 | Oy ns
Vcer Crossover point! 3 1.3 2.0 1.3 2.0 V
NOTE:

1. The crossover point is in the range

ELECTRICAL CHARACTERISTICS

Sw the low speed mode with a 5Cpf capacitance.
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AC WAVEFORM 1.
D+D- TO VPIVM OR VPONVMO TO D+D-

AC WAVEFORM 2.
RISE AND FALL TIMES

Yoy ---------———-|-
Yoo --
ACWAVEFORM 3 AC WAVEFORM 4.
D+D- TO RCY QE# TO Di+D-
D+ --
15¢ 15
b .
B o e o el
You - Vo +03

Vo - 05V o 4V U$+03 ><a'w(ﬂ

D+D-
AC WAVEFORM 5. TEST CIRCUIT 1.
SETUP FOR SPEED LOAD FOR YMW/VP AND RCV
TESTPOINT
Dy é L
=T
TEST CIRCUIT 2. TEST CIRCUIT 3.
LOAD FOR ENABLE AND DISABLE TIMES LOAD FOR D+/D-
24 Cham TEST FOINT 0 Ohm 24 Ohim TEST POINT }w
ouT DUT.
15 Iﬂ'lm
F 1 [T
V=0FORE py, ing - g:: ;32 Eglb-'\l‘-si’;::?{umnums} Ors | Pl
VeVer FORMRm, tmz CL = 350pF, LOW SPEED (MAX TMING)
* 1 5Hle0Nm ON D- (LOW SPEED) OR D+ FULL SPEED) ONLY

SN

ELECTRICAL CHARACTERISTICS
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5.8 ESD Test Results

Test Description : ESD Testing was performed on a Zapmaster systém us
the Human-Body —Model (HBM) and Machine-Model (MM), acco %
MIL_STD 883 and EIAJIC_121 respectively.
weHuman-Body-Model stress devices by sudden applica a high
voltage supplied by a 100 PF capacitor through 1.5 Kohm r

[on O
e Slance
zeiMachine-Model stresses devices by sudden application of a-high'voltage
supplied by a 200 PF capacitor through very low (0 ohm) resistance

0

Tedt circuit & condition &
#5eZap Interva : 1 second
eseNumber of Zaps : 3 positive and 3 negative a room ature
#&Critera: I-V Curve Tracing

Model |Model SIS TARGET. | Results

HBM | Vdd, Vss, I/IC 15 6000V Pass

MM vdd, Vss, I/C 15 200¥ Pass

O
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5.9 Latch-Up Test Results
Test Description: LatchUp testl ng was performed at room amblent

ground respectively.

Testing was started at 5.0 V (Positive) or 0 V(Negative),
biased for 0.5 seconds.

If neither the PUT current supply nor the device current
predefined limit (DUT=0 mA , 1cc=100 mA), then the volt
by 0.1 Volts and the pin was tested again.

This procedure was recommended by the JEDEC JC-40.2 CMOS Logic

gtandardization committee. O
Notes:
1. DUT: Device Under Test.
2. PUT: Pin Under Test. lcc Méasl
V Supply
1Source 4—

+
pn Ve | Untested
under — Output Open

Unteted — | DUT — Circit
<> Input Tied |
n t cunnl\/\: GND
T

%wit . Pogitive Input/ output Overvoltage /Overcurrent

ELECTRICAL CHARACTERISTICS 25



Icc Measurement

@ V Supply

1 Source
Pin  Vcc | Untested
t‘e’;?er —— Output Open
Untested — DUT — Circuit
C Input Tied™ |
A toV supply | GND
Trigger
Source

Test Circuit : Negative I nput/ Output Overvoltage /Overcurrent

(O N

Icc Measurement

V Supply <>

N

vee | Untested +
—— Output Open
All Input Tied | DUT - Circuit
toV supply
— GND
|
Supply Voltage test

Latch—Up Data O
Model | Modet-. [ Voltage (v)/ Current S/S | Results
Voltage | + 11.0 3 Pass

A 11.0
Current /j~+ 200 5

- 200
VddA7 XX\ 9.0 3 s

&
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6.0 Mechanical Information
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