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MIC23504 Micrel Jnc
EEHE P T
® MIC2550A
ml I n: I Universal Serial Bus Transceiver
General Description Features
The MIC2350A is a single-chip transceiver that complies with* Compliant to USB Specification Revision 2.0 for
the phvsical laver specifications for Umiversal Serial Bus low-speed (1.3Mbps) and full-speed (12Mbps) cperation
(USB). * Compliant to IEC-61000-4.2 (Level 2)

The MIC2350A supperts full-speed (12Mbps) and low-speed” Operation down to 2.5V

(1.3Mbps) cperation and intreduces supenor edge rate con- :Dua[ supply voltage cperation )

trel to produce crisper eve diagrams. As aresult, the task of uﬂtegrated speed-select termmation supply

passing USB compliance testing is made easier. * Very low power consumption meets USB suspend-
A unique, patented. dual supply veltage operation allows the | ‘;Luni;l.llt_;l?qm{l%u;g;& 416 MLF® pack
MIC25350A to reference the system LI'F I/0 signals to a supply ma. 3 "Pm R packages
voltage down to 2.5V while independently powered by the  Applications

USE 'Bys. Tis allows the svste mterface to operate af ity » Perscnal digital assistants (PDA

core '\"cﬁthéh ¢ without addition of bus e?Iﬁngg_gl-c and also : PZLE:];; i E:itput:': jeling. R

reduce system operating current. * Cellular telephones

Ordering Information

Part Number
Standard Ph-Free Packase

MIC2350ARTS | MICS0AYTSL 14 Pin TSSO
MIC25S0ABMII MIC25S0AYME 16 Pin MLEFTM

System Diagram

Svstem azs
Supplv Voltage ALCZES,
o r — |VIF VIEM ]
. — [°PD VBU ?
el 1 sl R s & S }ustErfaﬂe
Interface =— JRCV D- 7 | Commector
= |'F D- s
— VI
—— 0
cepi o ; = Cooper Electronics Technologies
4 - oy F min 11206ESDA SurgXo
10pF max (See “Applications Information™

for additienal supplers.)
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Pin Configuration
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14-Pin TSSOP (TM)

Pin Description

16-Pin MLF™ (ML)

Pin Name| Pin Numbey Pin Number | Pin Function
AICISS0ABTE MICISS0ABAL

VIF 1 15 System Interface Supply Veltage (Input): Determines logic voltage lefels for
svstem mnterface signaling to logic contreller.

SPD 2 1 Speed (Input): Edge rate control. Logic high selects full-speed edge tptes.
Logic low selects low-zpeed edge rates.

RCV 3 2 Receive Data (Qutput): Svstem interface receive data interface to log
controller.

VP 4 3 Plus (Input'Output): Svstem mterface signal to logic controller. If OB 15
logic 1. VP is areceiver output (+); If OE#is logic 0. VP 15 a driver jnput (+).

VM 3 4 Minus (Input/OQutput): System mterface signal to logic controller. IfFQE# 1z
logic 1, VM 1s a recetver output (—); If OE# is legic 0. VM 13 a driver|mput (-).

NC 6.13 3.8.1316 Not mternally comnected

GND 7 6 Ground: Power supplv return and signal reference.

5US 3 7 Suzpend (Input): Logic high tums off imternal crcuits to reduce suppjy
current.

OE= ] a Output Enable (Input): Active low system interface input signal from|legic
controller. Logic low causes transceiver to transmit data ento the bus] Logic
high causes the transcemver to receive data from the bus.

D- 10 10 USB Differential Data Line — (Input/Output)

D+ 11 11 USB Differential Data Lme + (Input/Output)

VTIEM 12 12 Termination Supplv (Qutput): 3.3V speed ternunation resister supply output.
VEUS 14 14 USE Supply Voltage (Input): Transceiver supply.
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Absolute Maximum Ratings (Note 1) Operating Ratings (Note 2)
Supply Veltage ET{F)
Input Voltage (‘\1'3, g

Output Current (; lD .ID-)
Qutput Current (all Dﬂ.lE'L)
Input Current ..

Storage Temperature LTS)

ESD, Note 3

, D, D—.
Arﬁ oilier pins .

Electrical Characteristics (Note 8)

TJL = 237C, beld values mdicate —~40°C = TA = +35°C; typical values at VBUS = 3.0V, VIF = 3.0V mmmuum and maxmmm vahes at
BLIS =400 40 S JSUTEI= 0 ST 40 3 ST ppless uoted

Svmbaol [Pnlamerel Condition | Min l Tvp | Max |I,'ni[s
Svstem and USE Interface DC Characteristics
Varie USE Supply Veltage 20 NES i
Vi Svstem I'F Supplv Voltage 235 525 v
A Low-Level Input Voltage, Node 4 015V V
Vs High-Level Input Voltage, Naofe 4 083V v
ey High-Level Output Voltage, N| 1,e~,ﬁ A 0.8V WV
Vg Low-Level Output Voltage, Npe-d _ 4. 0.1 vV
I Input Leakage Current, Note|4 e +5 wA
Svmbaol Parameter Conditions Min | Tvp | Max | Units
SPD | SUS | OE# Voltage Load
101 1 5 pA
100 1 5 p A
01 1 5 ud
b VIF Supply Currenf 0 0 0 | VBUS =321V 1 5 pA
01 i VIF = 3.6V 1 5 pA
10 0f #+ 6MHz CLPAD 323 650 p A

f=T730kHz
00 0 CLOAD = 600 {F 40 75 pA
Note 7
10 1 800 1100 A
10 0 3000 | 5000 A
001 230 350 A
D00 400 T00 A
kpus VBUS Supply Currgnt 0 1 0 § VBUS =529V 130 200 uA
10 ] VIF = 3.6\] £=6MHz CLOAD 7.3 10 mA
= 50 pF. Note 7
f=7350kHz
00 ] CLOAD = 600 ¢F 36 5 mA
Note 7
Woid Termnaticn Veltazg Irpys 3 Spad 30 i6 i
ESD Protection
IEC-1000-4-3 Asr Discharge 10 pulses =6}V
(D+, D—, Contact Dizcharge 10 pulses =6 RV

‘TRT-Q onk
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Svmbol Parameter Condition I Min | Tvp I Max I Units
Transceiver DC Characteristics
kn Hi-Z State Data Lime Leakage | 0V = Hr1e - 3307 D D OFS = 1 aie obk—10 +10 IS
e Differential Input Sensitivity D)= (D=} _ngrr o~ osvr - 02 WV
Vg Differential Common-Mode Rgndmcludes &7 .00 . . 0.8 2.5 \Y
Ver Single-Ended Receiver Threshgld ) 0.3 2.0 v
Receiver Hvsteresis, Note 6 200 mV
Vg Static Output Low, Note 5 QE==0.4F_ 4 s3940 2 67 3 v
Vo Static Qutput High, Note § QEZ = 0 1P 1510 tn MDY 28 3.6 v
Vers Output Signal Crossever Veltafe 13 2.0 v
Note 6
Cryg Transceiver Capacitance, Noje Fin to GND 20 pE
oot Driver Output Fesistance Steadv state drive, Note 6 ] 2 9]
Low-Speed Driver Characteristics, Note 7
3 4] = e} 4
tp Transition Rize Time E% : ;\EP{F 3 “00 ﬁ;
tg Transition Fall Time E{_ :;IE\EFF 75 100 ﬁ:
o up Fise and Fall Tone Matching Ip ¢ 3 30 123 i)
Vrpe Output Signal Crossever Voltage 13 20 v
Full-Speed Driver Characteristics, Note 7
to Tranzition Rize Time C1 = sgnF 4 20 ns
e Transition Fall Time Cy 'n:]: 4 20 ns
th 4p Rise and Fall Tme Matching Tp 1—; %0 111.11 e
Vepo Output Signal Crossover Voltage 13 2.0 i’
Transceiver Timing, Note 7
toyrr OE# to RCVE. Tri-state Delay | Figure 1 15 ns
tarmy P.eceiver Tri-state to Transout I eBagure 1 13 Jif]
taryz DE# to DEVR Tri-state Delay | Figure 1 3 ns
tprir Driver Tni-state to Receiver DefawFigure 1 15 ns
tny e V+/WV—to D+D—- Propagation QeEigure 4 3 ns
tp1I7 V+/V—to D+D- Propagation PeBizure 4 15 ns
prm D+/D—to RCV Propagation Ddla¥igure 3 5 ns
trprr D+/D— to RCV Propagaticn DdlaFigure 3 15 ns
tor 1o D+/D—te V+D- Propagation [PeEigure 3 8 ns
j— D+/D-te V+D—- Propagation PeBEigure 3 i n:

Note 1.Exceeding the abzelute maximum rating mav damage the device.

Note 2.The device is not guaranteed to functicn cutside its operating ratmg.

Note 3.Devices are ESD sensitive. Handhng precautions recommended. Human bodyv model, 1.3k in series with 100pF.
Note 4.Applies to the VP. VM. RCV, OE#, SPD. and SUS pms.

Note 5.Applies to D+, D-.

Note 6.Not production tested. Guaranteed by design.

Note 7.Charactenized specification(s). but not production tested.
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Timing Diagrams

-
Figure 1. Enable and Disable Times
"
Differentiab0®— 54— b,
e..%:“:pn? ; )é} CRS
Lines 10%= = o _L-
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Figure 1. Rise and Fall Times
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Figure 3. Receiver Propagation Delay D+/D-ta RCV,
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Figure 4. Driver Propagation Delay 'E;. and VM to DHD—
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OE#=0 (Transmif):

Tmput Outpu
VAl T+ D- DV RC Rezult
(000 X EED
01010 lomc O
10101 Iome 1
1111 X Undefine d
OE#=1 (Recefe):
ut Outpu
D= DFP VM Vv RC Result
G000 | X SED
Q1010 Logme O
10101 Iogc 1
1111 X Undefine d

Note. X = undefmed.

Test Circuits

Figure 5. Load for Enable and Disable Time (D+, D-)

Table 1. Truth Table

Ee_stt
e -
Test

S0pF

For
V=

‘.

o B
WV for tPZH and tPHZ

D=+
0y
VBUS for tPZL and {PLZ

Device

gt
&5t 23pF

Figure 6. V]

P, VM and RCV Load

Device
Under
Test

CL = 50pF. full speed

CL = 30pF. lew speed (mmmum tmmg)

CL = 600pF, low speed (maxmmm tmungy

*1.5k on D—for low speed or D+ for high speed

Figure 7. D+ and D-Load
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Block Diagram
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Applications Information Internal 3.3V Source

The MIC23550A iz designed to provide USB comnectivity in Ifthe dle"“:.e 15 3"-‘|-f'.P‘5"\"'f'IE':1 and has 3.3V a"ﬂlllﬂbfe-. the :
mobile systems where system supply voltages are not avail.  coewt i Figure 10 is vet another power supply cenfiguration
sble to satisfv USE requirements. The MIC2550A can oper- option. In this configuration, the mternal regulater 15 disabled

ate down to supply voltages of 2.5V and still meet USE and the 3.3V source and not \grg powers the entire chup.
physical laver specifications. As shown m the svstem dia- MICIZ30.4
gram. the MIC2330A takes advantage of USB s supply 0=yTE VBU 33V
volt a%'e. ‘BU 3. to operate the transcerver. The system volt-
age. : 5 :
i s nsed t e volt zed by T
digital Dl I.Hleea {q&e’r ‘1‘?5@8\‘9 Oﬂg‘g?ﬁﬁd augl%US pins) VIE]

mterfacmg to the system. Intemal cirenitry provides transla-
tion between the USE and svstem veltage domains. ¥ will
trpically be the mamn supply veltage ral for the svstem.

In addition., a 3.3V, 10% termmation supply voltage. ft' 5
provided to support speed selection. A 0.47pF (mumimmun)  When the suspend pin (SUS) s high, power consumption is
capaciter from ‘I"RI\-H . e reduced to a mmImum. 3oy ic 0ot dissbled. BCV. VB and M
A 15K resistor 13 Iehucﬁg&:-u&ﬁ&grg&*ﬁﬁ pomeuﬁﬁetflg Tor D-are still functional to engble the device to 'aetect USEB activity.
lines to respectively specify full-speed or low-speed opera- For mimmal current consumption in suspend mode, 1t1s

Figure 10. Powering Chip
from Internal 3.3V Source

Suspend

fiom. recommended that OE# = 1, and SPD = 0.
Power Supply Configurations Speed
I;’FH'BI.'.S' Switched The speed pin (SPD) sets D+/D- output edge rates by increas-

W ¥l rs 5 ing or decreasing biasing current sources withm the cutput
Sﬁftfﬁi;&}é I “Pul'lEd to ground a low m.tpeda]{ce drivers. For low speed. SPD = 0. For full speed, SPD =1. By
IF and VBUS can cause a high current flow settmg SPD = 0 during idle periods, in conjunction with suspend

from Y BU y 00255
e LR S e ey e I‘"ﬂ{‘}:_')cl'ft' This ~ (SUS), the lowest quescent current can be obtaned. However,
supply that can be switched off stic Sa?}siﬁlﬁﬂelggﬂlg PWEL designers must provide a 300ns delay between changmg SPD

desktop PC. Adding a Schottky diede. such as the ZHCS1000from 0 to 1 and fransmussion of data at full speed. This delay
by Fokax- Snfaries writh "]E?L"S- I ; ; ensures the output drivers have ammed at ther proper operatmg
i 5 wil ent Ay CIITen|

durimng this condition. A solution Lspgﬁ‘c-m'u m FIELIIE%D]?:BTD\T. cenditions. Failure to do so can result m leadmg edge distortion

If the V. i i on the first few data bits transmatted.
B[f Eource ks current limited to less than 50mA. then

dicde 1ot necessary. External ESD Protection
Pé The uze of ESD transient protection devices is not required
: _ ~AEC255 Zﬁl ".ia EDth oL for operation, but 1z recommended. We recommend the
PD\L'e?BC]E::-)nemﬁ:?F VE ”\g:‘ “ut.*"““‘“ —OyvEBUS following devices or the equivalent:
(Option: 1 uF mm Cooper Electromics Technelogies (www.cooperet.com)
l 11206ESDA SurgX®
(B0SESDA SurgX®

- . ! _ Littelfuse (www.littlefuse. com)
Nofe: *(Optional) See Text - Power Supply ConfigurationsyoipiHS05

Figure 8. Solution to Vi rpyg Switching SPOSO3BAHT
I'O Interface Using 3.37 Non-multiplexed Bus
In systems where the I'O mterface utilizes a 3.3V USB To save pin count for the USB logic controller interface, the
controller. an alternate selution is shown in Figure 9. This  MIC2350A was designed with ¥ and VM as bi < il
configuration has the advantage over Figure 8. in that no pms. To interface the MIC2350A with a uou—m%llrtlp exed data
extra components are needed. Ensure that the load on Yy bus. resistors can be used for lew cest 1selation as shown m
does not excesd ImA total Figure 11.
33V %;B Ing-rgt:
MICIE50 MIC2ES
USB
Contrellr VEO.
¥ RAVMATRY ‘H;D}WL VM

Figure 9. 1/0 Tnrerface Using 3.3V
i e Figure 11. MIC2550A Interface to

Non-multiplexed Data Bus
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MICI3304
PCB Layout Recommendations

Although the USE standard and applications are net based in
an impedance controlled environment. a properly designed
PCB lavout is recommended for optimal transceiver perfor-
mance. The suggested PCB lavout hints are as follows:
» Match signal line traces (VE/'VM, D+, D-) to
40ps, approximately 1/ . - -
PCB material propagafigilflilslfa%gsustlbll%ﬁ:%_t]uch.
so to mminuze skew try to keep VE/VM, D+/D-
fraces as short as possible.
*For every signal line trace width (w). separate
the signal hines by 1.5-2 widths. Place all other
traces at =2w from all signal Ime traces.
*Mamtam the same number of vias on sach
differential trace. keepmg traces approximatelv
at same separation distance aleng the line.

* Control signal line mpedances to =10%.
" dsep i 5 as cloge to the IC as possible, with

squal distance between R ad the IC for both
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Package Information

HHEHH H‘
L_J;._;J;_fmug
0,19 (0.007
3545200
34790 (0193
1.10 MAX (p.043) 000083
k. ¥ c%
_.H..D.sg BSC ! T__—F I-qc-e(c-c-sg)REF
(0026)g 15 (0 006 + 10 (0,028
0.03 ﬁ.ﬁeﬁ 0.50 4}.0503

"O.0LR 4 16054,
~0.20 REF. 02%pli§ ?(@%@\ 11
1 i

2

|

.'-‘iBSG.D"rBSC

TOP VIEW BEOTTOM VIEW
venpT 1. DIMENSIONS ARE IN mm.
& - 2. DIE THICKNESS ALLOWABLE IS 0.305mm MAX.
i DOHAAL . PACKAGE WARPAGE MAX 0.05mm.
‘“m (‘—‘_:'_‘—)_* Al iﬁ-\l THIS DIMENSION APPLIES TO PLATED TERMINAL AND

! fEETeNC.C Q:]BET'\VEEE 0.20mm AND 0.25mm FROM TIP.
0.5BSC STCALE: NONE 5% APPLIES ONLY FOR TERMINALS

Rev. 02
16-Pin MLF™* (ML)
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