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General Description

The KSZ8041NL is a single supply 10Base-T/100Base-TX
Physical Layer Transceiver, which provides MII/RMII
interfaces to transmit and receive data. A unique mixed
signal design extends signaling distance while reducing
power consumption.

HP Auto MDI/MDI-X provides the most robust solution for
eliminating the need to differentiate between crossover
and straight-through cables.

The KSZ8041NL represents a new level of features and

Functional Diagram

performance and is an ideal choice of physical layer
transceiver for 10Base-T/100Base-TX applications.

The KSZ8041RNL is an enhanced RMII version of the
KSZ8041NL that does not require a 50MHz system clock.
It uses a 25MHz crystal for its input reference clock and
outputs a 50MHz RMII reference clock to the MAC.

The KSZ8041NL and KSZ8041RNL are available in 32-
pin, lead-free MLF® (QFN per JDEC) packages (See
Ordering Information).

Data sheets and support documentation can be found on
Micrel's web site at: www.micrel.com.
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Micrel, Inc. KSZ8041NL/RNL
Features Applications
¢ Single-chip 10Base-T/100Base-TX physical layer ¢ Printer
solution e LOM
¢ Fully compliant to IEEE 802.3u Standard e Game Console
¢ Low power CMOS design, power consumption of e IPTV
<180mw « IP Phone

e HP auto MDI/MDI-X for reliable detection and
correction for straight-through and crossover cables
with disable and enable option

o Robust operation over standard cables
e Power down and power saving modes
o MiIl interface support (KSZ8041NL only)

¢ RMIll interface support with external 50MHz system
clock (KSZ8041NL only)

e RMIl interface support with 25MHz crystal/clock input
and 50MHz reference clock output to MAC

(KSZ8041RNL only)

e MIIM (MDC/MDIO) management bus to 6.25MHz for
rapid PHY register configuration

e Interrupt pin option

e Programmable LED outputs for link, activity and

speed

e ESD rating (6kV)

e Single power supply (3.3V)
e Built-in 1.8V regulator for core
e Available in 32-pin (5mm x 5mm) MLF® package

Ordering Information

e |P Set-top Box

Part Number Temperature Range Package Lead Finish | Description
KSZ8041NL 0°C to 70°C 32-Pin MLF® Pb-Free MIl / RMIl, Commercial Temperature
KSZ8041NLI (1) —40°C to 85°C 32-Pin MLF® Pb-Free MIl / RMII, Industrial Temperature
KSZ8041NL AM(1) —40°C to 85°C 32-Pin MLF® Pb-Free MIl / RMII, Automotive Qualified Device
KSZ8041MNLU —40°C to 85°C 32-Pin MLF® Pb-Free KSZ8041NL AM with MII support only.
KSZ8041RNLU —40°C to 85°C 32-Pin MLF® Pb-Free KSZ8041NL AM with RMII support only.
KSZ8041RNL 0°C to 70°C 32-Pin MLE® Pb-Free RMII with 50MHz clock output, Commercial
Temperature
o o b ) RMII with 50MHz clock output, Industrial
KSZ8041RNLI (1) —40°C to 85°C 32-Pin MLF® Pb-Free Temperature
Note:
1. Contact factory for lead time.
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Revision History

Revision Date

Summary of Changes

1.0 10/13/06

Data sheet created.

11 4/27/07

Added maximum MDC clock speed.

Added 40K +/-30% to note 1 of Pin Description and Strapping Options tables for internal pull-ups/pull-
downs.

Changed Model Number in Register 3h — PHY Identifier 2.

Changed polarity (swapped definition) of DUPLEX strapping pin.

Removed DUPLEX strapping pin update to Register 4h — Auto-Negotiation Advertisement bits [8, 6].
Set “Disable power saving” as the default for Register 1Fh bit [10].

Corrected LED1 (pin 31) definition for Activity in LED mode 01.

Added Symbol Error to MII/RMII Receive Error description and Register 15h — RXER Counter.
Added a 100pF capacitor on REXT (pin 10) in Pin Description table.

1.2 7/18/08

Added Automotive Qualified part number to Ordering Information.
Added maximum case temperature.

Added thermal resistance (8;c).

Added chip maximum current consumption.

13 12/11/09

Added Automotive Qualified part number, KSZ8041NL EAM, to Ordering Information.
Changed MDIO hold time (min) from 10ns to 4ns.
Added LED drive current.

Renamed Register 3h bits [3:0] to “manufacturer’s revision number” and changed default value to
“Indicates silicon revision.”

Updated RMII output delay for CRSDV and RXD[1:0] output pins.
Added support for Asymmetric PAUSE in register 4h bit [11].

Added control bits for 100Base-TX preamble restore (register 14h bit [7]) and 10Base-T preamble
restore (register 14h bit [6]).

Changed strapping pin definition for CONFIG[2:0] = 100 from “PCS Loopback” to “MIl 100Mbps
Preamble Restore.”

Corrected MII timing for triaT, tcrsi, tcrs2.
Added KSZ8041RNL device and updated entire data sheet accordingly.

1.4 01/19/10

Removed part number (KSZ8041NL EAM) from Ordering Information.
Removed chip maximum current consumption.

September 2010

3 M9999-090910-1.4



Micrel, Inc. KSZ8041NL/RNL

Contents
1=l o = I D= T o g1 o] 4 (o] o PSP UT T OTRUPPPPP 1
[T L aYoa AT o] o= I D=V | = U oS PURRRR 1
FFRATUIES .ttt A e oo £ £ s 2
N o] o1 T o= 1T ] K= SRR 2
@1 go [T g1 o o I 1o} Fo) 1 0¥=11To] o ENU P PP PP P R OUPPPPP 2
LS A oY Lo T 1= o 1 Y/ U SRUR 3
TS o) o [ =SSOSR 7
(RS o) =T o] 1= TP POTPUPRRPT 8
Pin Configuration — KSZBOALNL ........uuuiiiiieeiiiiiiie et e e e e s se ettt e e e e e et s st e eeeessaaasbeeeeeaeeesaasssaeeeeesaasnsteeeeeaeessaasssenneeeeeesannsnes 9
Pin DeSCrIPLION — KSZBOALNL ......eiiiiiiiiieeiitiet ettt ettt e st b bt e ettt e e a2 b b et e e o st e et e o s bttt e s aas b e e e abb e e e e nbb e e e e anbbe e e s annbeeeeanneas 10
Pin Description — KSZBOALNL (CONTINUEA) ...uuuiiiiiiiie ettt e e e s e ettt e e e e e e e s st e e e e e e e e e e saat s taeeeeaaeessasteaeeeeeeesesannrnrnneeaaeaaan 11
Pin Description — KSZB0ALNL (CONTINMUET) ..ciiiutiiiiiiiiiiee ittt ettt ettt bt e s skt e e e e s st bt e e nbb e e e e anbb e e e s annbeeeeenbeas 12
Pin Description — KSZB0ALNL (CONTINUEA) ...uuutiiiiiiieiiiiiietee ettt e e e e e e et bbbt e e e e e e e s et b beeeeaaaeasaabbeseeaaaaeaasnnbeseeaeaaaaaan 13
Strapping OPtioNS — KSZBOALNL .......uuuiiiiiiieeeie ittt e e e e s e sr e eeeee s s s st ateeeeeaesssasteaaeeeeaesaeaansteteeeeesaanssnaeeeeeeeessnnssnnnneeaeesen 14
Pin Configuration — KSZBOALRINL ........u ittt e e e oottt e e e e e e e s e s s b b eeeeeeaaeaaaasabbbeeees s aannbebeeeeaaesesnnbbbneeaaaaaaan 15
Pin DesSCription — KSZBOALRNL ........uuiiiiiiiei ittt e e e e s cer e e e e e e et s st re e e eaeessaasa e baaeeeeaeesesasssesaeeseesnstsseeeeaaesesannrannneeaaeann 16
Pin Description — KSZB04LRNL (CONTINUE) ....uuviiiiiiiiiie ittt ettt sttt e st e e s rbb e e e s anbb e e e s e nnbe e e s enreas 17
Pin Description — KSZB04LRNL (CONTINUEA) ....uuuiiiiiieiieiiiiiieei e e e e e ettt e e e e e s st e e e e e e e e s ata e e e e e e e e ssatnaeeeeeessesnnrarneeeaaeanas 18
Strapping OPtioNS — KSZBOALRINL .....uuuuiiiiieeiis ittt e e s e ss e e e e e e e s ss bt eereeesssasteaaeeeaaeeasaassseteeeeesaassnaneeeeeeesansrnnnneeaeesnn 19
[ Yo u oY o b1l BI=TSTod g1 o] A o] o HPU PP OUPPPPRPT 20
010 2= TS I G I =T o 1 PSP 20
LOOBASE-TX RECEIVE .....eeeiiiiiiee ettt e ettt e ettt e e e sttt e e e ettt e e e e sabe e e e e asteeeeeanbeeeeeaatbeee e e s be e e e e beee e e bbee e e e sbeeeeesbeeeesanbeneeanneas 20
I I T Yo )Y 11 1= ]~ SO PEER 20
Scrambler/De-scrambler (L00BASE-TX ONIY)......uutiiiiiaiiiitiie ettt e e e e et e e e e e e s s e r b b be e et e e e e e s e aanbaeeeaaaeaeaannbareeeaaaaaaan 20
0 S T= R I = L] o ] O PP 20
LOBASE-T RECEIVE ..coiiieiiieeiieie et e ettt e e e e e e ettt e e e e e e s st e bee et eeeeeaaasa b eeeeeeeeeaaasstbeeeeeaeeesaansaeeeaeeeee s nsbsaeeeeeeeeesnssnnnenaaeeannn 21
SQE and Jabber FUNCLON (LOBASE-T ONIY).......uuuiiiiiieeiiiiiiiiie et e e e s e et e e e e e e e s e st e e e e e e e s e s saatb e e e e s eeessaststeeeeaeeessasbnreneeaeeaans 21
F U (o B N\ L=To [ F= L1 (o] IO PO PP OPPPPP 21
MII Management (MIM) INEITACE ........ooii ettt e e ettt e e e e e e s aa b et e e e e e s s nn b e ae e e e e e e e e snnbnbeeeaaaeaean 23
T 10T 0T L (L 1 PR 23
MII Data Interface (KSZBOALNL ONIY) ..coiiiiiiiiiiiiiii ettt e e e e e s e bbb ettt e e e e e e s e aaab b e e e e e ee e e nnbsaeeeeaeeeesannbneeaaaaaaaaan 23
MII Signal Definition (KSZBOALNL ONIY) ......cccuiiiiiiie e iiiiiiite e e e e s e e e e e e e e e e st eeeeeeeessaateteeeeeaeeesssbsaereeaessesansrnrnneeaeeaas 24
B I = U 5] A Yo 2 (102 ) PSSR 24
TransSMit ENADIE (TXEN) ...ttt ettt e e e e e e oo bbbttt e e e e e oo abbbeee e e e e e e s nnbebeeee e e e nbbbbeeeeaeeesannbbaneaaaaeaan 24
Transmit Data [3:0] (TXD[B:0]) «.ocuvrrreiieeeiiiiiiiiiee e e e e e s e ietr e e e e e e e e s s srtre e e eeaeessssatraaeeeaaesassasstsseeeeessasssrseeeeeesssassnrnneeaaeann 24
RECEIVE CIOCK (RXC).. ittt etttk e e a ket e oo e a bt e e oo s kbt e oo et bt e e e ea b b et e et b et e e aabbe e e e e bbe e e e e nnbeeeeannnas 24
RECEIVE DAa Valid (RXDV).....uiiiiiiiiieii i ittt e e e e s e st e e e s e st e e e ee e e s e s aataseeeeeaesasasstaaaeeeaeeaaasssaeeeeaaaessasnsteaneaaeessnnnnnes 25
Receive Data [3:0] (RXD[3B:0]) uuuerteeeteiiitutreeeeeeeesiieteieerteeessssasusteeeresaeessasssteeeeeeeaesaaasssasarereeesssastnneeeeeessnmsssenneeeeesannnsnns 25
RECEIVE EITOI (RXER) ...iiiiiiiiiieiitt ettt ettt et e e o4 oo b bttt et e e 44 e o a e bt bt et e e e e e e e s s b bt ee e e e e e e s bbbeeeeaaee e s nbbbeeeeaaeeeaannnes 25
(O T LT RS o LTI (O ) S EEER 25
1670] 111577 ] o 1 (@10 ] ) RO P PP PTPPPPUPPPPTN 25

September 2010 4 M9999-090910-1.4



Micrel, Inc. KSZ8041NL/RNL

Reduced MI (RMIT) DAA INTEITACE.......ccci ittt ekt e e e s a bt e e e s a b bt e e e sbb et e e abb e e e e e bbe e e e e nnbeeeeanneas 25
LAY LTS T [Tz U 1= Ty o) o SRR 26
Reference ClOCK (REF _CLK) ...uuiiiiiiiiiiiiiieiiei et e e e e e e et e e e e e e e e e s s teae e e eeeesesnaeeeeaeeeesassstennneaeesannnnnes 26
Transmit ENGDIE (TX UEN) ...eeiiiiiiiiii ittt sttt e e e bt e e skt b et e e ea b et e e sab b e e e sab b et e e sabbe e e e sabbb e e e anbneee s 26
Transmit Data [1:0] (TXD[L:0]) «oouvrrreeieeeieiiiiiiiee et e e e s e sete it e e e e e e e s e sitte e e eeeeeessasatrsaeeeeeesasssstsseeeeessansssseeeeeeesssassnrnneeeaesnnn 26
Carrier Sense/Receive Data Valid (CRS_DV).....coiiii ittt e s b e e enees 27
ReCEIVE DAt [1:0] (RXDJL:I0]) tereeeteaeeeiautttteetaaaeaaaiitttee et e ae e e s e atabteeeeaaeeeaaaansbeeeeeaeaesaaasnbsseeeeaaaesaasbbeseeaaeesaannnsbseeeaaeeeaannnnes 27
LTt YN o ) (G = ) PSP 27
(070 ] {1171 ] g W B 123 (=T i o] o PP PPRTP 27
LAY LS To T = L =T - o o SO PEER 27
HP AULO IMDI/IMDI=X ...ttt s et s e e e ettt e e e sttt e e e ekt e e e ettt e e e e s be e e e e esteeeeeasbeeeeeantbeeeeabeeeeansbeeeeensbeeeessbeeeeennbeneeanneas 28

Y 1= 1T | L OF= o[RS PURTR 29

(O 0151 Y01V =T S @=L RO PEERR 29
oV AV =T F= o [T o 1 T=T o | SRR UP PP 30
Lo = Y7 Vo T 1Y o o PSR 30
POWET DOWIN IMOGE ...ttt oottt e e e oo oo bttt e et e a2 e e e oo a b b be e et e e e e e o nbebeeee e e e nsbbbeeeeaaeeeaannbbeneeaaeeesannnes 30
Reference CloCk CONNECION OPLIONS ...oiiieiiiiiiiiiiii e e e et e e e e e e s er e e e e e e s e st e e e e eeeesaasasbaeeeeeee e ssseaeeeeeeeassnnssnnnneeaeennn 30
Reference Circuit for Power and Ground CONNECLIONS ........coiiiiiiiiiiiiiiia et e e e et e e e e e e s s s aabbeeeeee e s aasbsbeeeaaaaeeaan 31
[T o L] =T 1 - o PSSP 32
[0 3 (= gl D= ] o] ] o) 4o o SRR 32
Register DeSCription (CONTINUEM) .......uuiiiiiiiii ittt e oottt e e e e e e et bbbt et e e e e e s e e a bt beeea e e e e s nnbebeeeeaaeeesannbbbneeaaaaanan 33
[RETe T3 (=T g LT o] g o) 4 o I (oo ] o} 1o 11T ) L SRR 34
Register DeSCIriPLioN (CONTINMUET) ..ooiiuiiiiiiiiiii ettt ettt e s e bt e e et b et e e s bbbt e e abb e e e s e nbb e e e e anbb e e e e ennbeeeeenneas 35
Register DesCription (CONTINUEM) .......uuiiiiiiii i e e e e e e s e e e e e e e s et et e e e e e e e e s saasbbaaeeeesssansbaaeeeeeaesesnnnrnrneeeaaeanan 36
Register DeSCIrPLioN (CONTINMUET) ..ooiiuiiiiiiiiiiie ettt et e s e bbbt e e e bbbt e e o st bt e e abb e e e e nbbe e e e anbb e e e e ennbeeeeenneas 37
Register DeSCription (CONTINUEM) .......ueiiiiiiiiii ittt ettt e e e e e s e b et ettt e e e e e s e eabbeeea e e e e s nnbebeeeeaaeeesannbnbneeaaaaanan 38
[RETe T3 (= g LT o] g o) o I (oo ] o} 1o 11T ) L PR 39
ADbSOIULE MaXimUM RAUNGS™ ...ttt ettt ee et ee et en st n s en s s s e 40
OPEIALING RANGS® ..ottt ettt e et ettt e et et ettt e e et et e e e e ee e e et et e e et et e e e e e e s et e e e ee e e e s ee e ee et es e esereeee e eeeson, 40
E1ECHIICAl CRArACIEIIStICS™ ..ottt ettt ettt ettt e et en s, 40
Electrical CharacteriSticS™ (COMIMUEA). ... ..o ieeeeeeeeeeeeeeeeeee et et ettt et et s e e s s et ee e esee e eeen e e s s eees e e eneeeenen, 41
LI T T = Vo 1= 2 = RSSO 42
MII SQE TimMiING (LOBASE-T) ..eiiiieiiiiiiiiiiiee e e e e s ittt et e e e e e e s et teeeteaeae s s s atateeeeaaeessaatetaeeeaaeessaasstsaeeeesaasnsbsaeeeeeeesesansrnrnnaeaeesas 42
MIETransSmMit TIMING (LOBASE-T) ...eeeeiiiieeeiiiiee ettt ettt ettt e e et b et e e e e s be e e e e aabe e e e e aabbe e e aabbe e e e e nbe e e e enbe e e e e anbeeeeannnas 43
MII RECEIVE TIMING (LOBASE-T) ...uetiiiietiae et ittt et e e e e e e abtteeeeaa e e e e s aabeeeeeeaaeaesaabebeeeeaae e e e s nbsbbneeee e e e aannbebeeeeaeeessannbnbneeaaaeaaan 44
MII Transmit TIMING (L00BASE-TX) ...uuuueereeeitiiiutrieeteeeessaiitrteerreeeasanasteteerreeessaaareraeeraaeasaaasssaeereaeeaaasrsaereeeessssnnssssnreseeesen 45
MII Receive TimMiNG (LO0BASE-TX) ....uuuteetiaaatiiittiteetaaaeaaaattteeeeaaaaaeaaatebeeeeaaaaeaaaabebeeeeaaaaesaanbabbeeeaaeaaansbsseeaaaesaeannbsseeaaaaaaaan 46
LAY 1T 1T o SRR 47

F U (o B N\ L=To [ F= Uu (o] I T 101 o T I TP P P OPPRP P 48
I @ Y ][ 2 T2 11 T PR PRPO 49
LTS A I o SO PEER 50

September 2010 5 M9999-090910-1.4



Micrel, Inc. KSZ8041NL/RNL

Y=Y O] o U SR TPRT 51
Reference Circuits for LED Strapping PiNS . ..o ittt sttt st e et e e et e e s e s e e e s e naeas 52
Selection Of ISOIAtiON TraNSTOIMET ... .. .. ettt ettt e e e e e e bt e e e e e s b bt be e e e e e e e e snnbbbneeaaaeaean 53
SeleCtion Of REFEIENCE CrYSTal ...oiiii it e e e e s e e e e e e e s s ettt e e e aeeesasbaeeeeeessanssnteneeeaeeesnnrnrnneeaeenean 53
(oo o] = To T [} (o] ¢ ¢ =14 Ko o BT TT PO PPPPT 54

September 2010 6 M9999-090910-1.4



Micrel, Inc. KSZ8041NL/RNL

List of Figures

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.
Figure 21.

AULO-NEGOLIAtION FIOW CRAI. ...ttt sttt e s sttt e e sbb et e e aabb e e e e sabe et e e snbeeeesnnneaeas 22
(Y4 510N R I Y L V01 (T = Vo = SRR 27
(Y4 107NN N I Y I T (=] o 7= o] = PRSP 28
Typical Straight Cable CONNECLION .......oiii i ittt e e e e e e bbb et e e e e e e s e s bbbeeeeaaeeesassbabeeeeaaeeeaaannaes 29
Typical Crossover Cable CONNECHION .........oiiiiiiiiie e e e et e e e e e s s e e e e e e s e st tr e e e e eaeessssataaeeaaesssasssnteneeaaeessaansnn 29
25MHz Crystal / OsCillator REFEIENCE CIOCK ......cccoiiiiiiiiiiie et e e e e e e r e e e e e e s e snnrraeees 30
50MHz Oscillator Reference Clock for KSZ804LNL RMI MOUE .......cuvveiiiiiieiiiiiie ettt e 30
KSZ8041NL/RNL Power and Ground CONNECLIONS. .........cuiiuuiiieiiiiieeiiieieessiitee e siatee e siaee e s saeeeeesbaeeessbeeeessneeeas 31
MII SQE TiMING (L0BASE-T) ..eeetieeeeiiiiitieiieeteeessietetteeteeessssasaateeeeaeesssaaststaeeeaaeeesaaasssaaereesssansstaaneeeeeesssnnsssnnneeeeeann 42

MII Transmit TIMING (L0BASE-T) ...cciiccuerieeieeeeeeiietetee e e e e e e s s st reeaeessassaereeeeeaeeesaassteneeeaessannsssrneeeeeesssansrnrnneeeaeann 43
MIl Receive TimMING (L0BASE-T) .....uiiiiiiiiiee ittt ettt e e et e e e et bt e e e bt e e e abb e e e e abbe e e e e anbe e e e ennreas 44
MIT Transmit TimiNg (LOOBASE-TX) .. .. cuueeeeiiutieeeeiteteeeitttee e ettt e e st b e e e e atbe e e e s sabb e e e e abe e e e s abbe e s aabbe e e s abbeeesanbeeeeannreas 45
MIl Receive TimiNg (L00BASE-TX).....ciiuueteeitreeeeiittiteeaitteeeeateeeesatbe e e e aatbe e e e e aabe e e e e aabe e e e e anbbeeeabbe e e e abbeeeeaasbeeeeannreas 46
RMII Timing — Data Received from RIMI ...ttt e e e e e e e e e e e e an 47
RMII Timing — Data INPUE T0 RIMIT ....cooiiiiiee ittt et e e e st e e e e st e e e e s te e e e e tbe e e e esbe e e e snnbeeeeenneeas 47
Auto-Negotiation Fast Link Pulse (FLP) TIMING ....ooooiiiiiiiiiiiiiaaeeiiiee ettt e e e s s eiss e eeaae e e snnnnes 48
Il @ Y 11T 2 Ty 11T PR SSP 49
e TSY =Y A I 0T o PRSP 50
RECOMMENTEA RESEE CIICUIL..... uviieeiiiiiie ittt et s e e e e st e e e ettt e e e stbe e e e e ssteeeesasbeeeeatbeeeeasbeeeeansbeeeeaneeas 51
Recommended Reset Circuit for interfacing with CPU/FPGA Reset QULPUL........ccceeeiiviiciiiiiieeee e cciiiieeee e e 51
Reference Circuits for LED Strapping PinS.......cc.vvieiiiioiiiiiiieieee s st ee e e e et s e e e e e e s s nsanae e e s e e e s s snnannneeeeeeanan 52

September 2010 7 M9999-090910-1.4



Micrel, Inc. KSZ8041NL/RNL

List of

Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.
Table 8.
Table 9.

Table 10.
Table 11.
Table 12.
Table 13.
Table 14.
Table 15.
Table 16.
Table 17.
Table 18.
Table 19.

Tables
MII ManagemeNt FrameE FOMMAL .........ooiiiiiiiieiie et e e e e s e e e e e e e s s s bbb e e e e e e e s b r e e e e e e e e s e ssnnreneeeas 23
MIT SIGN@L DEFINILION ...ttt ettt et oo oottt et e e e e e e s s b a b bt e e e e e e e e ab b e be e e e e e e e e snnbebeeeeaaeaeannnbnneeeas 24
RMII Signal DeSCrptioN — KSZBOALNL .........cciiiiiieeeiiiieeeiiiieeessieeeesstteeessteeeessntaeeaesssteeaesssteeesssteeeesssssesessssseeessnes 26
RMII Signal Description — KSZBOALRNL ......cciiiiiiiesiiiiteeieiieee e s st e e e sttee e e steeeeesstbeeeesssbeeaessstaeesssteeeesssbseeessnseeeessnes 26
MDI/MDI-X PN DEIINITION ...utiii ettt ettt e e sttt e e st b e e e e et be e e e e sbeeeeessbeeeeessbeeeesanbseeeeantaeaesanes 28
KSZ8B041NL/RNL POWET PiN DESCHPLION. ... .utiiiiieieeiiiiiiiiie e e e e s ettt e e e e e e e s sttt e e e e e e e s s et nbreeeaaeessnsbaaeeeeeeesesnsreneeeas 31
MIl SQE Timing (10BASE-T) PAr@mMELEIS ......uuuiiiiieeiiiiiiiiieie e e e e e s eiae e e e e e e e s sttt e e e eaeesssstataaeeeeesasastesereeeessasnsrrnnees 42
MII Transmit TiMing (10BaSE-T) PAraMELErS .......ccueeiiiiieiiiiiieee e e iesiieee e e e e e s s s steee e e e e e e s s ansteae e e e e e s s ssnssreeeeeaeessnannnnees 43
MIl Receive Timing (10BaSe-T) PAraMELErS .......cccciiiiiuiiiiieee e e i iiiiieee e e e e e s sttt r e e e e s s ssntnteeeeaeeeesnnsteneeeeeeeseannnrnnneees 44
MIl Transmit Timing (100Base-TX) ParamMeterS ........cccuuuuiiiieeeieiiiiiieee e e e e e s st e ee e e e e s sssaneaeeeeeeesssssreneeeaeessnnnnnens 45
MIl Receive Timing (100Base-TX) PAraMeELEIS .......cocuuiiiiiiiiiieiiiiiee ittt sbb e e sbbe e e e sanreee s 46
RMII Timing Parameters — KSZBOALNL .......coiiiiiiiieiiiiiee ettt ettt ettt e e sttt e e e stbe e e e s sabeee s sbbe e e e s snbeeeessnbneeeeas 47
RMII Timing Parameters — KSZBOALRNL ......ccoituiiiiiiiiie ettt ettt et e e st e ettt e e s aabeeeessnbneee e 47
Auto-Negotiation Fast Link Pulse (FLP) Timing Parameters ..........couu it eee s 48
MDC/MDIO TiMING PArBMELELS .......ueeeiiiieie ittt e ettt a e e e et ettt e e e e e s st e b eeeeaaaeaeaaasbbeaeaeeeaaanbbeseeaaeeesaannnrens 49
RESEt TIMING PArAMELEIS ...ttt ettt e e e e oo e et ettt et e e e e e o e abbe et e e ee e e nsbbbeeeeaaaeesannssbaneaaaeeeaaannnes 50
TranSTOrMEr SEIECTION CrIEIIA .......ueieeiiiiie ettt et s e e e e e e e e sttt e e e sbee e e e et be e e stbeeeeasbeeeessbeeeesasbeeeeensres 53
Qualified SINGIE POt MAgNELICS.........uiiiiiiie e i e st e e e e e e s e s e e e e e e e s s e aatreeeeeaeeaasbaareeeeeesasnsbaaseeaesssannnnes 53
Typical Reference Crystal CharaCteriStiCS........cccuiiiiiiii e e e e s e e e e e e e srnrnreeeeaeeeean 53

September 2010 8 M9999-090910-1.4



Micrel, Inc.

KSZ8041NL/RNL

Pin Configuration — KSZ8041NL
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KSZ8041NL/RNL

Pin Description — KSZ8041NL

Pin Number | Pin Name Type®™ | Pin Function
1 GND Gnd Ground
2 VDDPLL_1.8 P 1.8V analog Vpp
3 VDDA _3.3 P 3.3V analog Vpp
4 RX- I/O Physical receive or transmit signal (- differential)
5 RX+ Ie] Physical receive or transmit signal (+ differential)
6 TX- I/O Physical transmit or receive signal (- differential)
7 TX+ I/O Physical transmit or receive signal (+ differential)
8 XO @) Crystal feedback
This pin is used only in MIl mode when a 25 MHz crystal is used.
This pin is a no connect if oscillator or external clock source is used, or if RMIl mode
is selected.
9 X1/ Crystal / Oscillator / External Clock Input
REFCLK MIlI Mode: 25MHz +/-50ppm (crystal, oscillator, or external clock)
RMII Mode: 50MHz +/-50ppm (oscillator, or external clock only)
10 REXT I/O Set physical transmit output current
Connect a 6.49KQ resistor in parallel with a 100pF capacitor to ground on this pin.
See KSZ8041NL reference schematics.
11 MDIO I/O Management Interface (MIl) Data 1/0
This pin requires an external 4.7KQ pull-up resistor.
12 MDC | Management Interface (MIl) Clock Input
This pin is synchronous to the MDIO data interface.
13 RXD3/ Ipu/O MIl Mode: Receive Data Output[3](2)/
PHYADO Config Mode: The pull-up/pull-down value is latched as PHYADDR[O] during
power-up / reset. See “Strapping Options” section for details.
14 RXD2 / Ipd/O MIl Mode: Receive Data Output[2](2)/
PHYAD1 Config Mode:  The pull-up/pull-down value is latched as PHYADDR[1] during
power-up / reset. See “Strapping Options” section for details.
15 RXD1 / Ipd/O | MIl Mode: Receive Data Output[1]®/
RXD[1]/ RMII Mode: Receive Data Output[1]® /
PHYAD2 Config Mode:  The pull-up/pull-down value is latched as PHYADDR[2] during
power-up / reset. See “Strapping Options” section for details.
16 RXDO / Ipu/O MIl Mode: Receive Data Output[0]®/
RXDI[O]/ RMII Mode: Receive Data Output[0]® /
DUPLEX Config Mode:  Latched as DUPLEX (register Oh, bit 8) during power-up /
reset. See “Strapping Options” section for details.
17 VDDIO_3.3 P 3.3V digital Vpp
18 RXDV / Ipd/O MII Mode: Receive Data Valid Output /
CRSDV/ RMII Mode: Carrier Sense/Receive Data Valid Output /
CONFIG2 Config Mode: The pull-up/pull-down value is latched as CONFIG2 during
power-up / reset. See “Strapping Options” section for details.
19 RXC (0] MIlI Mode: Receive Clock Output
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KSZ8041NL/RNL

Pin Description — KSZ8041NL (Continued)

Pin Number | Pin Name Type®™ | Pin Function
20 RXER / Ipd/O MIlI Mode: Receive Error Output /
RX_ER/ RMII Mode: Receive Error Output /
ISO Config Mode: The pull-up/pull-down value is latched as ISOLATE during
power-up / reset. See “Strapping Options” section for details.
21 INTRP Opu Interrupt Output: Programmable Interrupt Output
Register 1Bh is the Interrupt Control/Status Register for programming the interrupt
conditions and reading the interrupt status. Register 1Fh bit 9 sets the interrupt
output to active low (default) or active high.
22 TXC (0] MIl Mode: Transmit Clock Output
23 TXEN/ I MIlI Mode: Transmit Enable Input /
TX_EN RMII Mode: Transmit Enable Input
24 TXDO / MIl Mode: Transmit Data Input[0]“ /
TXD[O] RMII Mode: Transmit Data Input[0]®®
25 TXD1/ MII Mode: Transmit Data Input[l](4)/
TXD[1] RMII Mode: Transmit Data Input[1]®
26 TXD2 I MII Mode: Transmit Data Input[2](4)/
27 TXD3 I M1l Mode: Transmit Data Input[3](4)/
28 CoL/ Ipd/O MIlI Mode: Collision Detect Output /
CONFIGO Config Mode: The pull-up/pull-down value is latched as CONFIGO during
power-up / reset. See “Strapping Options” section for details.
29 CRS/ Ipd/O MIl Mode: Carrier Sense Output /
CONFIG1 Config Mode: The pull-up/pull-down value is latched as CONFIG1 during

power-up / reset. See “Strapping Options” section for details.
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KSZ8041NL/RNL

Pin Description — KSZ8041NL (Continued)

power-up / reset. See “Strapping Options” section for details.
The LEDO pin is programmable via register 1Eh bits [15:14], and is defined as

follows.

LED mode = [00]

Pin Number | Pin Name Type®™ | Pin Function
30 LEDO/ Ipu/O LED Output: Programmable LEDO Output /
NWAYEN Config Mode: Latched as Auto-Negotiation Enable (register Oh, bit 12) during

Link/Activity Pin State LED Definition
No Link H OFF
Link L ON
Activity Toggle Blinking
LED mode = [01]
Link Pin State LED Definition
No Link H OFF
Link L ON

LED mode =[10

Reserved

LED mode =11

Reserved
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KSZ8041NL/RNL

Pin Description — KSZ8041NL (Continued)

Pin Number | Pin Name Type®™ | Pin Function
31 LED1/ Ipu/O LED Output: Programmable LED1 Output /
SPEED Config Mode: Latched as SPEED (register Oh, bit 13) during power-up / reset.
See “Strapping Options” section for details.
The LED1 pin is programmable via register 1Eh bits [15:14], and is defined as
follows.
LED mode = [00]
Speed Pin State LED Definition
10BT H OFF
100BT L ON
LED mode = [01]
Activity Pin State LED Definition
No Activity H OFF
Activity Toggle Blinking
LED mode =[10
Reserved
LED mode =[11
Reserved
32 RST# I Chip Reset (active low)
PADDLE GND Gnd Ground
Notes:
1. P = Power supply.
Gnd = Ground.
| = Input.
O = Output.

I/0 = Bi-directional.

Ipd = Input with internal pull-down (40K +/-30%).

Ipu = Input with internal pull-up (40K +/-30%).

Opu = Output with internal pull-up (40K +/-30%).
Ipu/O = Input with internal pull-up (40K +/-30%) during power-up/reset; output pin otherwise.
Ipd/O = Input with internal pull-down (40K +/-30%) during power-up/reset; output pin otherwise.
2. MIl Rx Mode: The RXDI[3..0] bits are synchronous with RXCLK. When RXDV is asserted, RXD[3..0] presents valid data to MAC through the
MIl. RXDI[3..0] is invalid when RXDV is de-asserted.
3. RMII Rx Mode: The RXD[1:0] bits are synchronous with REF_CLK. For each clock period in which CRS_DV is asserted, two bits of
recovered data are sent from the PHY.
4. MIl Tx Mode: The TXD[3..0] bits are synchronous with TXCLK. When TXEN is asserted, TXD[3..0] presents valid data from the MAC through
the MIl. TXD[3..0] has no effect when TXEN is de-asserted.

5. RMII Tx Mode: The TXD[1:0] bits are synchronous with REF_CLK. For each clock period in which TX_EN is asserted, two bits of data are
received by the PHY from the MAC.
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Strapping Options — KSZ8041NL

Pin Number | Pin Name Type®™ | Pin Function
15 PHYAD2 Ipd/O The PHY Address is latched at power-up / reset and is configurable to any value from
14 PHYAD1 Ipd/O ltov.
13 PHYADO Ipu/O The default PHY Address is 00001.
PHY Address bits [4:3] are always set to ‘00’.

18 CONFIG2 Ipd/O The CONFIG[2:0] strap-in pins are latched at power-up / reset and are defined as
29 CONFIG1 Ipd/O follows:
28 CONFIGO Ipd/O

CONFIG[2:0] Mode

000 MIl (default)

001 RMII

010 Reserved — not used

011 Reserved — not used

100 MIl 100Mbps Preamble Restore

101 Reserved — not used

110 Reserved — not used

111 Reserved — not used
20 ISO Ipd/O ISOLATE mode

Pull-up = Enable
Pull-down (default) = Disable
During power-up / reset, this pin value is latched into register Oh bit 10.
31 SPEED Ipu/O SPEED mode
Pull-up (default) = 100Mbps
Pull-down = 10Mbps

During power-up / reset, this pin value is latched into register Oh bit 13 as the Speed
Select, and also is latched into register 4h (Auto-Negotiation Advertisement) as the
Speed capability support.

16 DUPLEX Ipu/O DUPLEX mode
Pull-up (default) = Half Duplex
Pull-down = Full Duplex

During power-up / reset, this pin value is latched into register Oh bit 8 as the Duplex
Mode.

30 NWAYEN Ipu/O Nway Auto-Negotiation Enable
Pull-up (default) = Enable Auto-Negotiation
Pull-down = Disable Auto-Negotiation
During power-up / reset, this pin value is latched into register Oh bit 12.

Note:
1.  Ipu/O = Input with internal pull-up (40K +/-30%) during power-up/reset; output pin otherwise.
Ipd/O = Input with internal pull-down (40K +/-30%) during power-up/reset; output pin otherwise.

Pin strap-ins are latched during power-up or reset. In some systems, the MAC receive input pins may drive high during
power-up or reset, and consequently cause the PHY strap-in pins on the MII/RMII signals to be latched high. In this
case, it is recommended to add 1K pull-downs on these PHY strap-in pins to ensure the PHY does not strap-in to
ISOLATE mode, or is not configured with an incorrect PHY Address.
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Pin Configuration — KSZ8041RNL
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Pin Description — KSZ8041RNL

Pin Number | Pin Name Type®™ | Pin Function
1 GND Gnd Ground
2 VDDPLL_1.8 P 1.8V analog Vpp
3 VDDA _3.3 P 3.3V analog Vpp
4 RX- I/O Physical receive or transmit signal (- differential)
5 RX+ Ie] Physical receive or transmit signal (+ differential)
6 TX- I/O Physical transmit or receive signal (- differential)
7 TX+ I/O Physical transmit or receive signal (+ differential)
8 XO O Crystal feedback — for 25 MHz crystal

This pin is a no connect if oscillator or external clock source is used.
9 Xl Crystal / Oscillator / External Clock Input

25MHz +/-50ppm
10 REXT I/O Set physical transmit output current

Connect a 6.49KQ resistor in parallel with a 100pF capacitor to ground on this
pin. See KSZ8041RNL reference schematics.

11 MDIO I/0 Management Interface (MIl) Data I/0
This pin requires an external 4.7KQ pull-up resistor.

12 MDC | Management Interface (MIl) Clock Input
This pin is synchronous to the MDIO data interface.
13 PHYADO Ipu/O The pull-up/pull-down value is latched as PHYADDR[O] during power-up / reset.
See “Strapping Options” section for details.
14 PHYAD1 Ipd/O The pull-up/pull-down value is latched as PHYADDR[1] during power-up / reset.
See “Strapping Options” section for details.
15 RXD1/ Ipd/O | RMII Mode: RMII Receive Data Output[1]®/
PHYAD2 Config Mode: The pull-up/pull-down value is latched as PHYADDR[2] during
power-up / reset. See “Strapping Options” section for details.
16 RXDO / Ipu/O RMII Mode: RMII Receive Data Output[0]® /
DUPLEX Config Mode: Latched as DUPLEX (register Oh, bit 8) during power-up /
reset. See “Strapping Options” section for details.
17 VvDDIO_3.3 P 3.3V digital Vpp
18 CRS_DV/ Ipd/O RMII Mode: Carrier Sense/Receive Data Valid Output /
CONFIG2 Config Mode: The pull-up/pull-down value is latched as CONFIG2 during
power-up / reset. See “Strapping Options” section for details.
19 REF_CLK O 50MHz Clock Output
This pin provides the 50MHz RMII reference clock output to the MAC.
20 RX_ER/ Ipd/O RMII Mode: RMII Receive Error Output /
ISO Config Mode: The pull-up/pull-down value is latched as ISOLATE during
power-up / reset. See “Strapping Options” section for details.
21 INTRP Opu Interrupt Output: Programmable Interrupt Output

Register 1Bh is the Interrupt Control/Status Register for programming the
interrupt conditions and reading the interrupt status. Register 1Fh bit 9 sets the
interrupt output to active low (default) or active high.

22 NC @) No connect
23 TX_EN | RMII Transmit Enable Input
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Pin Description — KSZ8041RNL (Continued)

Pin Number | Pin Name Type®™ | Pin Function

24 TXDO | RMII Transmit Data Input[0]®

25 TXD1 I RMII Transmit Data Input[l](3)

26 NC I No connect

27 NC I No connect

28 CONFIGO Ipd/O The pull-up/pull-down value is latched as CONFIGO during power-up / reset.
See “Strapping Options” section for details.

29 CONFIG1 Ipd/O The pull-up/pull-down value is latched as CONFIG1 during power-up / reset.
See “Strapping Options” section for details.

30 LEDO/ Ipu/O LED Output: Programmable LEDO Output /

NWAYEN Config Mode: Latched as Auto-Negotiation Enable (register Oh, bit 12)

during power-up / reset. See “Strapping Options” section for details.

The LEDO pin is programmable via register 1Eh bits [15:14], and is defined as
follows.

LED mode = [00]

Link/Activity Pin State LED Definition
No Link H OFF

Link L ON

Activity Toggle Blinking

LED mode = [01]

Link Pin State LED Definition
No Link H OFF
Link L ON

LED mode =[10], [11] Reserved
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KSZ8041NL/RNL

Pin Description — KSZ8041RNL (Continued)

Pin Number | Pin Name Type®™ | Pin Function
31 LED1/ Ipu/O LED Output: Programmable LED1 Output /
SPEED Config Mode: Latched as SPEED (register Oh, bit 13) during power-up / reset.
See “Strapping Options” section for details.
The LED1 pin is programmable via register 1Eh bits [15:14], and is defined as
follows.
LED mode = [00]
Speed Pin State LED Definition
10BT H OFF
100BT L ON
LED mode = [01]
Activity Pin State LED Definition
No Activity H OFF
Activity Toggle Blinking
LED mode =[10], [11] Reserved
32 RST# I Chip Reset (active low)
PADDLE GND Gnd Ground
Notes:
1. P =Power supply.

Gnd = Ground.

| = Input.

O = Output.

1/0 = Bi-directional.

Opu = Output with internal pull-up (40K +/-30%).

Ipu/O = Input with internal pull-up (40K +/-30%) during power-up/reset; output pin otherwise.

Ipd/O = Input with internal pull-down (40K +/-30%) during power-up/reset; output pin otherwise.
RMII Rx Mode: The RXDJ[1:0] bits are synchronous with REF_CLK. For each clock period in which CRS_DV is asserted, two bits of
recovered data are sent from the PHY.
RMII Tx Mode: The TXD[1:0] bits are synchronous with REF_CLK. For each clock period in which TX_EN is asserted, two bits of data are
received by the PHY from the MAC.
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Strapping Options — KSZ8041RNL

Pin Number | Pin Name Type®™ | Pin Function
15 PHYAD2 Ipd/O The PHY Address is latched at power-up / reset and is configurable to any value from
14 PHYAD1 Ipd/O ltov.
13 PHYADO Ipu/o The default PHY Address is 00001.
PHY Address bits [4:3] are always set to ‘00’.

18 CONFIG2 Ipd/O The CONFIGJ[2:0] strap-in pins are latched at power-up / reset and are defined as
29 CONFIG1 Ipd/o | follows:
28 CONFIGO Ipd/O

CONFIG[2:0] Mode

000 Reserved — not used

001 RMII

010 Reserved — not used

011 Reserved — not used

100 Reserved — not used

101 Reserved — not used

110 Reserved — not used

111 Reserved — not used
20 ISO Ipd/O ISOLATE mode

Pull-up = Enable
Pull-down (default) = Disable
During power-up / reset, this pin value is latched into register Oh bit 10.
31 SPEED Ipu/O SPEED mode
Pull-up (default) = 100Mbps
Pull-down = 10Mbps

During power-up / reset, this pin value is latched into register Oh bit 13 as the Speed
Select, and also is latched into register 4h (Auto-Negotiation Advertisement) as the
Speed capability support.

16 DUPLEX Ipu/O DUPLEX mode
Pull-up (default) = Half Duplex
Pull-down = Full Duplex

During power-up / reset, this pin value is latched into register Oh bit 8 as the Duplex
Mode.

30 NWAYEN Ipu/O Nway Auto-Negotiation Enable
Pull-up (default) = Enable Auto-Negotiation

Pull-down = Disable Auto-Negotiation

During power-up / reset, this pin value is latched into register Oh bit 12.

Note:
1. Ipu/O = Input with internal pull-up (40K +/-30%) during power-up/reset; output pin otherwise.
Ipd/O = Input with internal pull-down (40K +/-30%) during power-up/reset; output pin otherwise.

Pin strap-ins are latched during power-up or reset. In some systems, the MAC receive input pins may drive high during
power-up or reset, and consequently cause the PHY strap-in pins on the RMII signals to be latched high. In this case, it is
recommended to add 1K pull-downs on these PHY strap-in pins to ensure the PHY does not strap-in to ISOLATE mode,
or is not configured with an incorrect PHY Address.
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Functional Description

The KSZ8041NL is a single 3.3V supply Fast Ethernet transceiver. It is fully compliant with the IEEE 802.3u Specification.

On the media side, the KSZ8041NL supports 10Base-T and 100Base-TX with HP auto MDI/MDI-X for reliable detection of
and correction for straight-through and crossover cables.

The KSZ8041NL offers a choice of MIl or RMII data interface connection with the MAC processor. The MIl management
bus option gives the MAC processor complete access to the KSZ8041NL control and status registers. Additionally, an
interrupt pin eliminates the need for the processor to poll for PHY status change.

Physical signal transmission and reception are enhanced through the use of patented analog circuitries that make the
design more efficient and allow for lower power consumption and smaller chip die size.

The KSZ8041RNL is an enhanced RMII version of the KSZ8041NL that does not require a 50MHz system clock. It uses a
25MHz crystal for its input reference clock and outputs a 50MHz RMII reference clock to the MAC.

100Base-TX Transmit

The 100Base-TX transmit function performs parallel-to-serial conversion, 4B/5B coding, scrambling, NRZ-to-NRZI
conversion, and MLT3 encoding and transmission.

The circuitry starts with a parallel-to-serial conversion, which converts the MIl data from the MAC into a 125MHz serial bit
stream. The data and control stream is then converted into 4B/5B coding, followed by a scrambler. The serialized data is
further converted from NRZ-to-NRZI format, and then transmitted in MLT3 current output.

The output current is set by an external 6.49kQ 1% resistor for the 1:1 transformer ratio. It has typical rise/fall times of 4
ns and complies with the ANSI TP-PMD standard regarding amplitude balance, overshoot and timing jitter. The wave-
shaped 10Base-T output drivers are also incorporated into the 100Base-TX drivers.

100Base-TX Receive

The 100Base-TX receiver function performs adaptive equalization, DC restoration, MLT3-to-NRZI conversion, data and
clock recovery, NRZI-to-NRZ conversion, de-scrambling, 4B/5B decoding, and serial-to-parallel conversion.

The receiving side starts with the equalization filter to compensate for inter-symbol interference (ISI) over the twisted pair
cable. Since the amplitude loss and phase distortion is a function of the cable length, the equalizer must adjust its
characteristics to optimize performance. In this design, the variable equalizer makes an initial estimation based on
comparisons of incoming signal strength against some known cable characteristics, and then tunes itself for optimization.
This is an ongoing process and self-adjusts against environmental changes such as temperature variations.

Next, the equalized signal goes through a DC restoration and data conversion block. The DC restoration circuit is used to
compensate for the effect of baseline wander and to improve the dynamic range. The differential data conversion circuit
converts the MLT3 format back to NRZI. The slicing threshold is also adaptive.

The clock recovery circuit extracts the 125MHz clock from the edges of the NRZI signal. This recovered clock is then used
to convert the NRZI signal into the NRZ format. This signal is sent through the de-scrambler followed by the 4B/5B
decoder. Finally, the NRZ serial data is converted to the MIl format and provided as the input data to the MAC.

PLL Clock Synthesizer

The KSZ8041NL/RNL generates 125MHz, 25MHz and 20MHz clocks for system timing. Internal clocks are generated
from an external 25MHz crystal or oscillator. For the KSZ8041NL in RMIl mode, these internal clocks are generated from
an external 50MHz oscillator or system clock.

Scrambler/De-scrambler (100Base-TX only)
The purpose of the scrambler is to spread the power spectrum of the signal in order to reduce EMI and baseline wander.

10Base-T Transmit

The 10Base-T drivers are incorporated with the 100Base-TX drivers to allow for transmission using the same magnetic.
The drivers also perform internal wave-shaping and pre-emphasize, and output 10Base-T signals with a typical amplitude
of 2.5V peak. The 10Base-T signals have harmonic contents that are at least 27dB below the fundamental frequency
when driven by an all-ones Manchester-encoded signal.
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10Base-T Receive

On the receive side, input buffer and level detecting squelch circuits are employed. A differential input receiver circuit and
a PLL performs the decoding function. The Manchester-encoded data stream is separated into clock signal and NRZ data.
A squelch circuit rejects signals with levels less than 400 mV or with short pulse widths to prevent noise at the RX+ and
RX- inputs from falsely trigger the decoder. When the input exceeds the squelch limit, the PLL locks onto the incoming
signal and the KSZ8041NL/RNL decodes a data frame. The receive clock is kept active during idle periods in between
data reception.

SQE and Jabber Function (10Base-T only)

In 10Base-T operation, a short pulse is put out on the COL pin after each frame is transmitted. This SQE Test is required
as a test of the 10Base-T transmit/receive path. If transmit enable (TXEN) is high for more than 20 ms (jabbering), the
10Base-T transmitter is disabled and COL is asserted high. If TXEN is then driven low for more than 250 ms, the 10Base-
T transmitter is re-enabled and COL is de-asserted (returns to low).

Auto-Negotiation

The KSZ8041NL/RNL conforms to the auto-negotiation protocol, defined in Clause 28 of the IEEE 802.3u specification.
Auto-negotiation is enabled by either hardware pin strapping (pin 30) or software (register Oh bit 12).

Auto-negotiation allows unshielded twisted pair (UTP) link partners to select the highest common mode of operation. Link
partners advertise their capabilities to each other, and then compare their own capabilities with those they received from
their link partners. The highest speed and duplex setting that is common to the two link partners is selected as the mode
of operation.

The following list shows the speed and duplex operation mode from highest to lowest.
e Priority 1: 100Base-TX, full-duplex
e Priority 2: 100Base-TX, half-duplex
e Priority 3: 10Base-T, full-duplex
e Priority 4: 10Base-T, half-duplex

If auto-negotiation is not supported or the KSZ8041NL/RNL link partner is forced to bypass auto-negotiation, the
KSZ8041NL/RNL sets its operating mode by observing the signal at its receiver. This is known as parallel detection, and
allows the KSZ8041NL/RNL to establish link by listening for a fixed signal protocol in the absence of auto-negotiation
advertisement protocol.

The auto-negotiation link up process is shown in the flow chart illustrated as Figure 1.
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Start Auto Negotiation

Parallel
Operation

Force Link Setting

Yei

Listen for 10BASE-T

Bypass Auto Negotiation Attempt Auto Listen for 100BASE-TX
and Set Link Mode Negotiation Idles Link Pulses
No
» Join <

Link Mode Set ?

Yes

> Link Mode Set

Figure 1. Auto-Negotiation Flow Chart
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MII Management (MIIM) Interface

The KSZ8041NL/RNL supports the IEEE 802.3 MIl Management Interface, also known as the Management Data Input /
Output (MDIO) Interface. This interface allows upper-layer devices to monitor and control the state of the
KSZ8041NL/RNL. An external device with MIIM capability is used to read the PHY status and/or configure the PHY
settings. Further details on the MIIM interface can be found in Clause 22.2.4 of the IEEE 802.3 Specification.

The MIIM interface consists of the following:
e A physical connection that incorporates the clock line (MDC) and the data line (MDIO).

e A specific protocol that operates across the aforementioned physical connection that allows a external controller
to communicate with one or more PHY devices. Each KSZ8041NL/RNL device is assigned a unique PHY address
between 1 and 7 by its PHYAD[2:0] strapping pins. Also, every KSZ8041NL/RNL device supports the broadcast
PHY address 0, as defined per the IEEE 802.3 Specification, which can be used to read/write to a single
KSZ8041NL/RNL device, or write to multiple KSZ8041NL/RNL devices simultaneously.

e A set of 16-bit MDIO registers. Register [0:6] are required, and their functions are defined per the IEEE 802.3
Specification. The additional registers are provided for expanded functionality.

The Table 1 shows the MIl Management frame format for the KSZ8041NL/RNL.

Preamble Start of Read/Write | PHY REG TA Data Idle
Frame OP Code Address Address Bits [15:0]
Bits [4:0] Bits [4:0]
Read | 32 1's 01 10 00AAA RRRRR Z0 DDDDDDDD_DDDDDDDD | Z
Write | 32 1's 01 01 00AAA RRRRR 10 DDDDDDDD_DDDDDDDD | Z

Table 1. MIl Management Frame Format

Interrupt (INTRP)

INTRP (pin 21) is an optional interrupt signal that is used to inform the external controller that there has been a status
update to the KSZ8041NL/RNL PHY register. Bits[15:8] of register 1Bh are the interrupt control bits, and are used to
enable and disable the conditions for asserting the INTRP signal. Bits[7:0] of register 1Bh are the interrupt status bits, and
are used to indicate which interrupt conditions have occurred. The interrupt status bits are cleared after reading register
1Bh.

Bit 9 of register 1Fh sets the interrupt level to active high or active low.

MIl Data Interface (KSZ8041NL only)

The Media Independent Interface (MII) is specified in Clause 22 of the IEEE 802.3 Specification. It provides a common
interface between physical layer and MAC layer devices, and has the following key characteristics:

e Supports 10Mbps and 100Mbps data rates.

e Uses a 25MHz reference clock, sourced by the PHY.

e Provides independent 4-bit wide (nibble) transmit and receive data paths.

e Contains two distinct groups of signals: one for transmission and the other for reception.

By default, the KSZ8041NL is configured to MIl mode after it is power-up or reset with the following:
e A 25MHz crystal connected to XI, XO (pins 9, 8), or an external 25MHz clock source (oscillator) connected to XI.
e CONFIG[2:0] (pins 18, 29, 28) set to ‘000’ (default setting).
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MII Signal Definition (KSZ8041NL only)
The Table 2 describes the MIl signals. Refer to Clause 22 of the IEEE 802.3 Specification for detailed information.

MIl Dir'tef::tir%l; ect to PHY Direction Description
Signal Name %ZSOMIE)IL signal) " | (with respect to MAC) P
TXC Output Input Transmit Clock
(2.5MHz for 10Mbps; 25MHz for 100Mbps)
TXEN Input Output Transmit Enable
TXD[3:0] Input Output Transmit Data [3:0]
RXC Output Input Receive Clock
(2.5MHz for 10Mbps; 25MHz for 100Mbps)
RXDV Output Input Receive Data Valid
RXD[3:0] Output Input Receive Data [3:0]
RXER Output Input, or (not required) Receive Error
CRS Output Input Carrier Sense
COL Output Input Collision Detection

Table 2. MIl Signal Definition

Transmit Clock (TXC)
TXC is sourced by the PHY. It is a continuous clock that provides the timing reference for TXEN and TXD[3:0].
TXC is 2.5MHz for 10Mbps operation and 25MHz for 100Mbps operation.

Transmit Enable (TXEN)

TXEN indicates the MAC is presenting nibbles on TXD[3:0] for transmission. It is asserted synchronously with the first
nibble of the preamble and remains asserted while all nibbles to be transmitted are presented on the MIl, and is negated
prior to the first TXC following the final nibble of a frame.

TXEN transitions synchronously with respect to TXC.

Transmit Data [3:0] (TXD[3:0])

TXDI[3:0] transitions synchronously with respect to TXC. When TXEN is asserted, TXD[3:0] are accepted for transmission
by the PHY. TXD[3:0] is "00” to indicate idle when TXEN is de-asserted. Values other than “00” on TXD[3:0] while TXEN
is de-asserted are ignored by the PHY.

Receive Clock (RXC)
RXC provides the timing reference for RXDV, RXD[3:0], and RXER.

e In 10Mbps mode, RXC is recovered from the line while carrier is active. RXC is derived from the PHY’s reference
clock when the line is idle, or link is down.

¢ In 100Mbps mode, RXC is continuously recovered from the line. If link is down, RXC is derived from the PHY’s
reference clock.

RXC is 2.5MHz for 10Mbps operation and 25MHz for 100Mbps operation.
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Receive Data Valid (RXDV)
RXDV is driven by the PHY to indicate that the PHY is presenting recovered and decoded nibbles on RXDJ[3:0].

e |n 10Mbps mode, RXDV is asserted with the first nibble of the SFD (Start of Frame Delimiter), “5D”, and remains
asserted until the end of the frame.

e In 100Mbps mode, RXDV is asserted from the first nibble of the preamble to the last nibble of the frame.
RXDV transitions synchronously with respect to RXC.

Receive Data [3:0] (RXD[3:0])

RXDJ[3:0] transitions synchronously with respect to RXC. For each clock period in which RXDV is asserted, RXD[3:0]
transfers a nibble of recovered data from the PHY.

Receive Error (RXER)

RXER is asserted for one or more RXC periods to indicate that a Symbol Error (e.g. a coding error that a PHY is capable
of detecting, and that may otherwise be undetectable by the MAC sub-layer) was detected somewhere in the frame
presently being transferred from the PHY.

RXER transitions synchronously with respect to RXC. While RXDV is de-asserted, RXER has no effect on the MAC.

Carrier Sense (CRS)
CRS is asserted and de-asserted as follows:

e In 10Mbps mode, CRS assertion is based on the reception of valid preambles. CRS de-assertion is based on the
reception of an end-of-frame (EOF) marker.

¢ In 100Mbps mode, CRS is asserted when a start-of-stream delimiter, or /J/K symbol pair is detected. CRS is de-
asserted when an end-of-stream delimiter, or /T/R symbol pair is detected. Additionally, the PMA layer de-asserts
CRS if IDLE symbols are received without /T/R.

Collision (COL)

COL is asserted in half-duplex mode whenever the transmitter and receiver are simultaneously active on the line. This is
used to inform the MAC that a collision has occurred during its transmission to the PHY.

COL transitions asynchronously with respect to TXC and RXC.

Reduced MIl (RMII) Data Interface

The Reduced Media Independent Interface (RMII) specifies a low pin count Media Independent Interface (MIl). It provides
a common interface between physical layer and MAC layer devices, and has the following key characteristics:

e Supports 10Mbps and 100Mbps data rates.

e Uses a 50MHz reference clock.

e Provides independent 2-bit wide (di-bit) transmit and receive data paths.

e Contains two distinct groups of signals: one for transmission and the other for reception.

The KSZ8041NL is configured in RMII mode after it is power-up or reset with the following:
e A 50MHz reference clock connected to REFCLK (pin 9).
e CONFIG[2:0] (pins 18, 29, 28) set to ‘001’.

The KSZ8041RNL is configured in RMIl mode and outputs the 50MHz RMII reference clock to the MAC on REF_CLK (pin
19) after it is power-up or reset with the following:

e A 25MHz crystal connected to Xl (pin 9) and XO (pin 8), or a 25MHz reference clock connected to XI (pin 9).
e CONFIG[2:0] (pins 18, 29, 28) set to ‘001"

In RMII mode, unused MII signals, TXD[3:2] (pins 27, 26), are tied to ground.
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RMII Signal Definition

The Tables 3 and 4 describe the RMII signals for KSZ8041NL and KSZ8041RNL. Refer to RMII Specification for detailed
information.

RMil Dir"?r(]:tir%r; ect to PHY Direction Description

Signal Name %ZSOMEL signal) " | (with respect to MAC) P

REF_CLK Input Input, or Output Synchronous 50 MHz clock reference for
receive, transmit and control interface

TX_EN Input Output Transmit Enable

TXD[1:0] Input Output Transmit Data [1:0]

CRS_DV Output Input Carrier Sense/Receive Data Valid

RXD[1:0] Output Input Receive Data [1:0]

RX_ER Output Input, or (not required) Receive Error

Table 3. RMII Signal Description — KSZ8041NL

RMI Dir'tef::tir%l; ect to PHY Direction Description

Signal Name %28041RpNL signal) " | (with respect to MAC) P

REF_CLK Output Input Synchronous 50 MHz clock reference for
receive, transmit and control interface

TX_EN Input Output Transmit Enable

TXD[1:0] Input Output Transmit Data [1:0]

CRS_DV Output Input Carrier Sense/Receive Data Valid

RXD[1:0] Output Input Receive Data [1:0]

RX_ER Output Input, or (not required) Receive Error

Table 4. RMII Signal Description — KSZ8041RNL

Reference Clock (REF_CLK)

REF_CLK is a continuous 50MHz clock that provides the timing reference for TX_EN, TXD[1:0], CRS_DV, RXD[1:0], and
RX_ER.

The KSZ8041NL inputs the 50MHz REF_CLK from the MAC or system board.
The KSZ8041RNL generates the 50MHz RMII REF_CLK and outputs it to the MAC.

Transmit Enable (TX_EN)

TX_EN indicates that the MAC is presenting di-bits on TXD[1:0] for transmission. It is asserted synchronously with the first
nibble of the preamble and remains asserted while all di-bits to be transmitted are presented on the RMII, and is negated
prior to the first REF_CLK following the final di-bit of a frame.

TX_EN transitions synchronously with respect to REF_CLK.

Transmit Data [1:0] (TXD[1:0])

TXD[1:0] transitions synchronously with respect to REF_CLK. When TX_EN is asserted, TXD[1:0] are accepted for
transmission by the PHY. TXD[1:0] is "00” to indicate idle when TX_EN is de-asserted. Values other than “00” on TXD[1:0]
while TX_EN is de-asserted are ignored by the PHY.
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Carrier Sense/Receive Data Valid (CRS_DV)

CRS_DV is asserted by the PHY when the receive medium is non-idle. It is asserted asynchronously on detection of
carrier. This is when squelch is passed in 10Mbps mode, and when 2 non-contiguous zeroes in 10 bits are detected in
100Mbps mode. Loss of carrier results in the de-assertion of CRS_DV.

So long as carrier detection criteria are met, CRS_DV remains asserted continuously from the first recovered di-bit of the
frame through the final recovered di-bit, and it is negated prior to the first REF_CLK that follows the final di-bit. The data
on RXD[1:0] is considered valid once CRS_DV is asserted. However, since the assertion of CRS_DV is asynchronous
relative to REF_CLK, the data on RXD[1:0] is "00" until proper receive signal decoding takes place.

Receive Data [1:0] (RXD[1:0])

RXD[1:0] transitions synchronously to REF_CLK. For each clock period in which CRS_DV is asserted, RXD[1:0] transfers
two bits of recovered data from the PHY. RXD[1:0] is "00" to indicate idle when CRS_DV is de-asserted. Values other
than “00” on RXDJ[1:0] while CRS_DV is de-asserted are ignored by the MAC.

Receive Error (RX_ER)

RX_ER is asserted for one or more REF_CLK periods to indicate that a Symbol Error (e.g. a coding error that a PHY is
capable of detecting, and that may otherwise be undetectable by the MAC sub-layer) was detected somewhere in the
frame presently being transferred from the PHY.

RX_ER transitions synchronously with respect to REF_CLK. While CRS_DV is de-asserted, RX_ER has no effect on the
MAC.

Collision Detection
The MAC regenerates the COL signal of the MIl from TX_EN and CRS_DV.

RMII Signal Diagram
The KSZ8041NL RMII pin connections to the MAC are shown in Figure 2.

¢ KSZ8041NL RMII MAC c
) )
CRS_DV p{ CRS_DV
RXD[1:0] P RXD[1:0]

RX_ER »| RX_ER
TX_EN | TX_EN
TXD[1:0] TXD[1:0]

p| REF_CLK
C REFCLK ¢
D ? D
50 MHz
0sC

Figure 2. KSZ8041NL RMII Interface
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The KSZ8041RNL RMII pin connections to the MAC are shown in Figure 3.

KSZ8041RNL RMII MAC ¢
R >
CRS_DV p-{ CRS_DV
RXDI[1:0] P»-| RXD[1:0]
RX_ER | RX_ER
TX_EN |- TX_EN
TXD[1:0] |} TXD[1:0]
REF_CLK p-| REF_CLK
X0 X C
) >
25 MHz
XTAL
i 22 pF 2 pF
NS

Figure 3. KSZ8041RNL RMII Interface

HP Auto MDI/MDI-X

HP Auto MDI/MDI-X configuration eliminates the confusion of whether to use a straight cable or a crossover cable
between the KSZ8041NL/RNL and its link partner. This feature allows the KSZ8041NL/RNL to use either type of cable to
connect with a link partner that is in either MDI or MDI-X mode. The auto-sense function detects transmit and receive
pairs from the link partner, and then assigns transmit and receive pairs of the KSZ8041NL/RNL accordingly.

HP Auto MDI/MDI-X is enabled by default. It is disabled by writing a one to register 1F bit 13. MDI and MDI-X mode is
selected by register 1F bit 14 if HP Auto MDI/MDI-X is disabled.

An isolation transformer with symmetrical transmit and receive data paths is recommended to support auto MDI/MDI-X.
The IEEE 802.3 Standard defines MDI and MDI-X as follows:

MDI MDI-X
RJ-45 Pin Signal RJ-45 Pin Signal
1 TD+ 1 RD+
2 TD- 2 RD-
3 RD+ 3 TD+
6 RD- 6 TD-

Table 5. MDI/MDI-X Pin Definition
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Straight Cable

A straight cable connects a MDI device to a MDI-X device, or a MDI-X device to a MDI device. The Figure 4 depicts a
typical straight cable connection between a NIC card (MDI) and a switch, or hub (MDI-X).

10/100 Ethernet 10/100 Ethernet
Media Dependent Interface Media Dependent Interface
» 1 | 1 ] >
> 1 | I >
Transmit Pair >—< Receive Pair
» 2 | 2 1 >
| I >
. 'T Straight T“
= | S Cable —1
4 4
Receive Pair Transmit Pair
S S
< 6 | 6l
< 16 | | 6 |«
(. [ 7 ]
Ce | [ & ]
Modular Connector Modular Connector
(RJ-45) (RJ-45)
NIC HUB

(Repeater or Switch)

Figure 4. Typical Straight Cable Connection

Crossover Cable

A crossover cable connects a MDI device to another MDI device, or a MDI-X device to another MDI-X device. Figure 5
depicts a typical crossover cable connection between two switches or hubs (two MDI-X devices).

10/100 Ethernet 10/100 Ethernet
Media Dependent Interface Media Dependent Interface

v

Crossover
Receive Pair Cable Receive Pair

A

v

A

Transmit Pair

Modular Connector (RJ-45) Modular Connector (RJ-45)
HUB HUB
(Repeater or Switch) (Repeater or Switch)

Figure 5. Typical Crossover Cable Connection
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Power Management
The KSZ8041NL/RNL offers the following power management modes:

Power Saving Mode

This mode is used to reduce power consumption when the cable is unplugged. It is in effect when auto-negotiation mode
is enabled, cable is disconnected, and register 1F bit 10 is set to 1. Under power saving mode, the KSZ8041NL/RNL
shuts down all transceiver blocks, except for transmitter, energy detect and PLL circuits. Additionally, for the KSZ8041NL
in Ml mode, the RXC clock output is disabled. RXC clock is enabled after the cable is connected and link is established.

Power saving mode is disabled by writing a zero to register 1F bit 10.

Power Down Mode

This mode is used to power down the entire KSZ8041NL/RNL device when it is not in use. Power down mode is enabled
by writing a one to register 0 bit 11. In the power down state, the KSZ8041NL/RNL disables all internal functions, except
for the MIl management interface.

Reference Clock Connection Options
A crystal or clock source, such as an oscillator, is used to provide the reference clock for the KSZ8041NL/RNL.
The Figure 6 illustrates how to connect the 25MHz crystal and oscillator reference clock.

2pF
— i x O—— I x
— 25MHz OSC
2pF — +/-50ppm —
| =T e 1] o
25MHz XTAL
~ +/-50ppm

Figure 6. 25MHz Crystal / Oscillator Reference Clock

For the KSZ8041NL, Figure 7 illustrates how to connect the 50MHz oscillator reference clock for RMII mode.

(—————{] reFox
50MHz OSC
+/-50 ppm

Xx0

Figure 7. 50MHz Oscillator Reference Clock for KSZ8041NL RMII Mode
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Reference Circuit for Power and Ground Connections

The KSZ8041NL/RNL is a single 3.3V supply device with a built-in 1.8V low noise regulator. The power and ground
connections are shown in Figure 8 and Table 6.

Ferrite
Bead
1
| | 2
10uF 0.1uF
Vin Vour \0_0. l i
3 1.8V Low Noise 4
il VDDA 3.3 Regulator T
- (integrated) o
;EZUF E.luF >
| 17
3.3V |
VDDIO_3.3
;|;22uF [o1uF  |KSZ8041NL/RNL GND
N 1 | Paddle
N
Figure 8. KSZ8041NL/RNL Power and Ground Connections
Power Pin Pin Number | Description
VDDPLL_1.8 2 Decouple with 10uF and 0.1uF capacitors to ground.
VDDA_3.3 3 Connect to board’s 3.3V supply through ferrite bead.
VDDIO_3.3 17 Connect to board’s 3.3V supply.

Table 6. KSZ8041NL/RNL Power Pin Description
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Register Map

Register Number (Hex)

Description

Oh

Basic Control

1h Basic Status

2h PHY Identifier 1

3h PHY Identifier 2

4h Auto-Negotiation Advertisement
5h Auto-Negotiation Link Partner Ability
6h Auto-Negotiation Expansion

7h Auto-Negotiation Next Page

8h Link Partner Next Page Ability
9h —13h Reserved

14h MIl Control

15h RXER Counter

16h — 1Ah Reserved

1Bh Interrupt Control/Status

1Ch —1Dh Reserved

1Eh PHY Control 1

1Fh PHY Control 2

Register Description

Address | Name | Description Mode™ Default
Register Oh — Basic Control
0.15 Reset 1 = Software reset RW/SC 0
0 = Normal operation
This bit is self-cleared after a ‘1’ is written to it.
0.14 Loop-back 1 = Loop-back mode RW 0
0 = Normal operation
0.13 Speed Select 1 =100Mbps RW Set by SPEED strapping pin.
(LSB) 0 = 10Mbps See “Strapping Options” section
This bit is ignored if auto-negotiation is enabled for details.
(register 0.12 = 1).
0.12 Auto- 1 = Enable auto-negotiation process RW Set by NWAYEN strapping pin.
Eﬁggltieation 0 = Disable auto-negotiation process See “Strapping Options” section
If enabled, auto-negotiation result overrides for details.
settings in register 0.13 and 0.8.
0.11 Power Down 1 = Power down mode RwW 0
0 = Normal operation
0.10 Isolate 1 = Electrical isolation of PHY from MIl and RW Set by ISO strapping pin.
TX+TX- See “Strapping Options” section
0 = Normal operation for details.
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Register Description (Continued)

Address | Name | Description Mode® Default

Register Oh — Basic Control

0.9 Restart Auto- 1 = Restart auto-negotiation process RW/SC 0
Negotiation 0 = Normal operation.
This bit is self-cleared after a ‘1’ is written to it.
0.8 Duplex Mode 1 = Full-duplex RW Inverse of DUPLEX strapping pin
0 = Half-duplex value.
See “Strapping Options” section
for details.
0.7 Collision Test 1 = Enable COL test RW 0
0 = Disable COL test
0.6:1 Reserved RO 000_000
0.0 Disable 0 = Enable transmitter RW 0
Transmitter 1 = Disable transmitter
Register 1h — Basic Status
1.15 100Base-T4 1 =T4 capable RO 0
0 = Not T4 capable
1.14 100Base-TX 1 = Capable of 100Mbps full-duplex RO 1
Full Duplex 0 = Not capable of 100Mbps full-duplex
1.13 100Base-TX 1 = Capable of 100Mbps half-duplex RO 1
Half Duplex 0 = Not capable of 1200Mbps half-duplex
1.12 10Base-T Full | 1 = Capable of 10Mbps full-duplex RO 1
Duplex 0 = Not capable of 10Mbps full-duplex
1.11 10Base-T Half | 1 = Capable of 10Mbps half-duplex RO 1
Duplex 0 = Not capable of 10Mbps half-duplex
1.10:7 Reserved RO 0000
1.6 No Preamble 1 = Preamble suppression RO 1
0 = Normal preamble
15 Auto- 1 = Auto-negotiation process completed RO 0
(N:gg?;:ngn 0 = Auto-negotiation process not completed
14 Remote Fault 1 = Remote fault RO/LH 0
0 = No remote fault
1.3 Auto- 1 = Capable to perform auto-negotiation RO 1
Egi?i?;iation 0 = Not capable to perform auto-negotiation
1.2 Link Status 1 =Linkis up RO/LL 0
0 = Link is down
11 Jabber Detect 1 = Jabber detected RO/LH 0
0 = Jabber not detected (default is low)
1.0 Extended 1 = Supports extended capabilities registers RO 1
Capability
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Register Description (Continued)

Address | Name | Description Mode® Default
Register 2h — PHY Identifier 1
2.15:0 PHY ID Assigned to the 3rd through 18th bits of the RO 0022h
Number Organizationally Unique Identifier (OUI).
Kendin Communication’s OUI is 0010A1 (hex)
Register 3h — PHY Identifier 2
3.15:10 PHY ID Assigned to the 19th through 24th bits of the RO 0001 01
Number Organizationally Unique Identifier (OUI).
Kendin Communication’s OUI is 0010A1 (hex)
3.914 Model Number | Six bit manufacturer’s model number RO 01_0001
3.3.0 Revision Four bit manufacturer’s revision number RO Indicates silicon revision
Number
Register 4h — Auto-Negotiation Advertisement
4.15 Next Page 1 = Next page capable RW 0
0 = No next page capability.
4.14 Reserved RO
4.13 Remote Fault 1 = Remote fault supported RW
0 = No remote fault
412 Reserved RO 0
4.11:10 Pause [00] = No PAUSE RW 00
[10] = Asymmetric PAUSE
[01] = Symmetric PAUSE
[11] = Asymmetric & Symmetric PAUSE
4.9 100Base-T4 1 =T4 capable RO 0
0 = No T4 capability
4.8 100Base-TX 1 = 100Mbps full-duplex capable RW Set by SPEED strapping pin.
Full-Duplex 0 = No 100Mbps full-duplex capability See “Strapping Options” section
for details.
4.7 100Base-TX 1 = 100Mbps half-duplex capable RW Set by SPEED strapping pin.
Half-Duplex 0 = No 100Mbps half-duplex capability See “Strapping Options” section
for details.
4.6 10Base-T 1 = 10Mbps full-duplex capable RW 1
Full-Duplex 0 = No 10Mbps full-duplex capability
45 10Base-T 1 = 10Mbps half-duplex capable RW 1
Half-Duplex 0 = No 10Mbps half-duplex capability
4.4:.0 Selector Field [00001] = IEEE 802.3 RW 0_0001
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Register Description (Continued)

Address | Name | Description Mode® Default
Register 5h — Auto-Negotiation Link Partner Ability
5.15 Next Page 1 = Next page capable RO 0
0 = No next page capability
5.14 Acknowledge 1 = Link code word received from partner RO 0
0 = Link code word not yet received
5.13 Remote Fault 1 = Remote fault detected RO 0
0 = No remote fault
5.12 Reserved RO 0
5.11:10 Pause [00] = No PAUSE RO 00
[10] = Asymmetric PAUSE
[01] = Symmetric PAUSE
[11] = Asymmetric & Symmetric PAUSE
5.9 100Base-T4 1 =T4 capable RO 0
0 = No T4 capability
5.8 100Base-TX 1 = 100Mbps full-duplex capable RO 0
Full-Duplex 0 = No 100Mbps full-duplex capability
5.7 100Base-TX 1 = 100Mbps half-duplex capable RO 0
Half-Duplex 0 = No 100Mbps half-duplex capability
5.6 10Base-T 1 = 10Mbps full-duplex capable RO 0
Full-Duplex 0 = No 10Mbps full-duplex capability
5.5 10Base-T 1 = 10Mbps half-duplex capable RO 0
Half-Duplex 0 = No 10Mbps half-duplex capability
5.4:.0 Selector Field [00001] = IEEE 802.3 RO 0_0001
Register 6h — Auto-Negotiation Expansion
6.15:5 Reserved RO 0000_0000_000
6.4 Parallel 1 = Fault detected by parallel detection RO/LH 0
Detection Fault 0 = No fault detected by parallel detection.
6.3 Link Partner 1 = Link partner has next page capability RO 0
Eslxet Page 0 = Link partner does not have next page
capability
6.2 Next Page 1 = Local device has next page capability RO 1
Able 0 = Local device does not have next page
capability
6.1 Page Received | 1 = New page received RO/LH 0
0 = New page not received yet
6.0 Link Partner 1 = Link partner has auto-negotiation capability | RO 0

Auto-
Negotiation
Able

capability

0 = Link partner does not have auto-negotiation
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Register Description (Continued)

Address | Name | Description Mode® Default
Register 7h — Auto-Negotiation Next Page
7.15 Next Page 1 = Additional next page(s) will follow RW 0
0 = Last page
7.14 Reserved RO 0
7.13 Message Page | 1 = Message page RwW 1
0 = Unformatted page
7.12 Acknowledge2 | 1 = Will comply with message RW 0
0 = Cannot comply with message
7.11 Toggle 1 = Previous value of the transmitted link code RO 0
word equaled logic one
0 = Logic zero
7.10:0 Message Field | 11-bit wide field to encode 2048 messages RW 000_0000_0001
Register 8h — Link Partner Next Page Ability
8.15 Next Page 1 = Additional Next Page(s) will follow RO 0
0 = Last page
8.14 Acknowledge 1 = Successful receipt of link word RO 0
0 = No successful receipt of link word
8.13 Message Page | 1 = Message page RO 0
0 = Unformatted page
8.12 Acknowledge2 | 1 = Able to act on the information RO 0
0 = Not able to act on the information
8.11 Toggle 1 = Previous value of transmitted link code RO 0
word equal to logic zero
0 = Previous value of transmitted link code
word equal to logic one
8.10:0 Message Field RO 000_0000_0000
Register 14h — Ml Control
14.15:8 Reserved RO 0000_0000
14.7 100Base-TX 1 = Restore received preamble to MIl output RW 0 or
Ere‘ii’;te"e (random latency) . 1 (if CONFIG[2:0] = 100)
0= ]E:onsume 1-byte preample before sending See “Strapping Options” section
rame to MII output for fixed latency for details.
14.6 10Base-T 1 = Restore received preamble to MIl output RW 0
Preamble 0 = Remove all 7-bytes of preamble before
Restore sending frame (starting with SFD) to MII
output
14.5:0 Reserved RO 00_0001
Register 15h — RXER Counter
15.15:0 RXER Counter | Receive error counter for Symbol Error frames RO/SC 0000h
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Register Description (Continued)

Address | Name | Description Mode® Default

Register 1Bh — Interrupt Control/Status

1b.15 Jabber 1 = Enable Jabber Interrupt RW 0
:;t]zrgluept 0 = Disable Jabber Interrupt

1b.14 Receive Error 1 = Enable Receive Error Interrupt RW 0
:Qrtlzrt:IL:apt 0 = Disable Receive Error Interrupt

1b.13 Page Received | 1 = Enable Page Received Interrupt RW 0
:Qrtgg;pt 0 = Disable Page Received Interrupt

1b.12 Parallel Detect | 1 = Enable Parallel Detect Fault Interrupt RW 0
Eﬂ:ﬁlg‘te”um 0 = Disable Parallel Detect Fault Interrupt

1b.11 Link Partner 1 = Enable Link Partner Acknowledge Interrupt RW 0
ﬁ}?";:‘rﬂg{edge 0 = Disable Link Partner Acknowledge
Enable Interrupt

1b.10 Link Down 1= Enable Link Down Interrupt RW 0
:gnrtggrépt 0 = Disable Link Down Interrupt

1b.9 Remote Fault 1 = Enable Remote Fault Interrupt RW 0
:;:(;rgluept 0 = Disable Remote Fault Interrupt

1b.8 Link Up 1 = Enable Link Up Interrupt RW 0
:;t]zrgluept 0 = Disable Link Up Interrupt

1b.7 Jabber 1 = Jabber occurred RO/SC 0
Interrupt 0 = Jabber did not occurred

1b.6 Receive Error 1 = Receive Error occurred RO/SC 0
Interrupt 0 = Receive Error did not occurred

1b.5 Page Receive 1 = Page Receive occurred RO/SC 0
Interrupt 0 = Page Receive did not occurred

1b.4 Parallel Detect | 1 = Parallel Detect Fault occurred RO/SC 0
Fault Interrupt 0 = Parallel Detect Fault did not occurred

1b.3 Link Partner 1= Link Partner Acknowledge occurred RO/SC 0
Acknowledge | o= | ink partner Acknowledge did not occurred
Interrupt

1b.2 Link Down 1= Link Down occurred RO/SC 0
Interrupt 0= Link Down did not occurred

1b.1 Remote Fault 1= Remote Fault occurred RO/SC 0
Interrupt 0= Remote Fault did not occurred

1b.0 Link Up 1= Link Up occurred RO/SC 0
Interrupt

0= Link Up did not occurred
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Register Description (Continued)

Address | Name | Description Mode® Default

Register 1Eh — PHY Control 1

le:15:14 LED mode [00] = LED1: Speed RW 00
LEDO : Link/Activity

[01] = LED1 : Activity
LEDO : Link

[10], [11] = Reserved

le.13 Polarity 0 = Polarity is not reversed RO
1 = Polarity is reversed
le.12 Reserved RO 0
le.l1 MDI/MDI-X 0 = MDI RO
State 1 = MDI-X
1le:10:8 Reserved
le:7 Remote 0 = Normal mode RW 0
loopback 1 = Remote (analog) loop back is enable

1e:6:0 Reserved

Register 1Fh — PHY Control 2

1f:15 HP_MDIX 0 = Micrel Auto MDI/MDI-X mode RW 1
1 = HP Auto MDI/MDI-X mode
1f:14 MDI/MDI-X When Auto MDI/MDI-X is disabled, RW 0
Select 0 = MDI Mode

Transmit on TX+/- (pins 7,6) and
Receive on RX+/- (pins 5,4)

1 = MDI-X Mode

Transmit on RX+/- (pins 5,4) and
Receive on TX+/- (pins 7,6)

1f:13 Pairswap 1 = Disable auto MDI/MDI-X RW 0
Disable 0 = Enable auto MDI/MDI-X
1f.12 Energy Detect | 1= Prgsence of signal on RX+/- analog wire RO 0
pair
0 = No signal detected on RX+/-
1f.11 Force Link 1 = Force link pass RW 0

0 = Normal link operation

This bit bypasses the control logic and allow
transmitter to send pattern even if there is no
link.
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Register Description (Continued)

Address Name Description Mode® Default
1f.10 Power Saving 1 = Enable power saving RW 0
0 = Disable power saving
If power saving mode is enabled and the cable
is disconnected, the RXC clock output (in Mll
mode) is disabled. RXC clock is enabled after
the cable is connected and link is established.
1f.9 Interrupt Level | 1 = Interrupt pin active high RW 0
0 = Interrupt pin active low
1f.8 Enable Jabber | 1 = Enable jabber counter RW 1
0 = Disable jabber counter
1f.7 Auto- 1 = Auto-negotiation process completed RW 0
cN;ﬁgnO;:ZEEn 0 = Auto-negotiation process not completed
1f.6 Enable Pause | 1 = Flow control capable RO 0
(Flow Control) | 4 = No flow control capability
1f.5 PHY lIsolate 1 = PHY in isolate mode RO 0
0 = PHY in normal operation
1f.4:2 Operation [000] = still in auto-negotiation RO 000
mg;gtion [001] = 10Base-T half-duplex
[010] = 100Base-TX half-duplex
[011] = reserved
[101] = 10Base-T full-duplex
[110] = 100Base-TX full-duplex
[111] = reserved
1f.1 Enable SQE 1 = Enable SQE test RW 0
test 0 = Disable SQE test
1f.0 Disable Data 1 = Disable scrambler RW 0
Scrambling 0 = Enable scrambler
Note:

1. RW = Read/Write.
RO = Read only.
SC = Self-cleared.
LH = Latch high.
LL = Latch low.
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Absolute Maximum Ratings®

Operating Ratings®

Supply Voltage Supply Voltage
(VDDPLL_1.8) t+ererereureiiisiis i, -0.5V to +2.4V (VoDI0 3.3, VDDA 3.3) wevrrveiininininiinnnnn, +3.135V to +3.465V
(VoDI0 3.3, VDDA _3.3) cvverreeiiniiniieiiieinienn, -0.5V to +4.0V Ambient Temperature
Input Voltage (all iNPUtS) ........cceeveeeiiiniiiinnnn. -0.5V to +4.0V (Ta, Commercial).......cceueeeeeeeeiiiiiiiieeen. 0°C to +70°C
Output Voltage (all outputs) ........c.ccccvvveeennene. -0.5V to +4.0V (Ta, Industrial) .......coooeeiiiieeiee, -40°C to +85°C
Lead Temperature (soldering, 10SeC.).........ccccvverennnee 260°C (Ta, AM Automotive Qualified).............. -40°C to +85°C
Storage _Tergperature IS I -55°C to +150°C Max@mum Junction Temperature (T;Max) ................. 125°C
ESD RatiNg™ ....cci e 6kV  Maximum Case Temperature (Tc Max)....ccccceverrinennnns 150°C
Thermal Resistance (03a) cvvveveeeeeviviciivieeeeeeee e, 34°C/W
Thermal Resistance (03c) ...vvvveevvveeeeiiiieieiniieeesiiieenn 6°C/W
Electrical Characteristics®
Symbol ‘ Parameter Condition | Min | Typ | Max ‘ Units
Supply Current®
lop1 100Base-TX Chip only (no transformer); 53.0 mA
Full-duplex traffic @ 100% utilization
Ibp2 10Base-T Chip only (no transformer); 38.0 mA
Full-duplex traffic @ 100% utilization
Ibps Power Saving Mode Ethernet cable disconnected (reg. 1F.10 = 1) 32.0 mA
Ibba Power Down Mode Software power down (reg. 0.11 = 1) 4.0 mA
TTL Inputs
Viu Input High Voltage 2.0 \%
Vi Input Low Voltage 0.8 \Y,
Iin Input Current Vin = GND ~ VDDIO -10 10 HA
TTL Outputs
Vou Output High Voltage lon = -4mA 2.4 \%
VoL Output Low Voltage loL = 4mA 0.4 Y,
[loz] Output Tri-State Leakage 10 HA
LED Outputs
lLep | output Drive Current Each LED pin (LEDO, LED1) | HE | mA
100Base-TX Transmit (measured differentially after 1:1 transformer)
Vo Peak Differential Output Voltage | 100Q termination across differential output 0.95 1.05 V
Vivs Output Voltage Imbalance 100Q termination across differential output 2 %
ty, t Rise/Fall Time 5 ns
Rise/Fall Time Imbalance 0.5 ns
Duty Cycle Distortion +0.25 ns
Overshoot 5 %
VseT Reference Voltage of ISET 0.65 \
Output Jitter Peak-to-peak 0.7 14 ns
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Electrical Characteristics® (Continued)

Symbol ‘ Parameter | Condition | Min | Typ | Max ‘ Units

10Base-T Transmit (measured differentially after 1:1 transformer)

Vp Peak Differential Output Voltage | 100Q termination across differential output 2.2 2.8 \Y
Jitter Added Peak-to-peak 35 ns

ty, t Rise/Fall Time 25 ns

10Base-T Receive

Vso Squelch Threshold 5MHz square wave | | 400 | ‘ mV

Notes:

1. Exceeding the absolute maximum rating may damage the device. Stresses greater than the absolute maximum rating may cause permanent
damage to the device. Operation of the device at these or any other conditions above those specified in the operating sections of this specification
is not implied. Maximum conditions for extended periods may affect reliability.

The device is not guaranteed to function outside its operating rating.

Devices are ESD sensitive. Handling precautions recommended. Human body model, 1.5k in series with 100pF.

Ta = 25°C. Specification for packaged product only.

Current consumption is for the single 3.3V supply KSZ8041NL/RNL device only, and includes the 1.8V supply voltage (Vopr.._1.8) that is provided by
the KSZ8041NL/RNL. The PHY port’s transformer consumes an additional 45mA @ 3.3V for 100Base-TX and 70mA @ 3.3V for 10Base-T.

a ks wbn
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Timing Diagrams
MIl SQE Timing (10Base-T)
tw
TXC
twn
< t
TXEN
tsae
CoL - »
tsaep
Figure 9. MIl SQE Timing (10Base-T)
Timing Parameter | Description Min Typ Max Unit
tp TXC period 400 ns
twi TXC pulse width low 200 ns
twH TXC pulse width high 200 ns
tsoe COL (SQE) delay after TXEN de-asserted 25 us
tsqep COL (SQE) pulse duration 1.0 us

Table 7. MIl SQE Timing (10Base-T) Parameters
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MIlI Transmit Timing (10Base-T)

TXC

tp

A

TXEN ISUZ A Lan I tHDZ

v

TXD[3:0] X tour Ht._' >>< ><
D1

X

X

CRS

tcrsi 7/
<

Figure 10. MIl Transmit Timing (10Base-T)

< k
ters2

Timing Parameter | Description Min Typ Max Unit
tp TXC period 400 ns
twi TXC pulse width low 200 ns
twH TXC pulse width high 200 ns
tsu1 TXDI[3:0] setup to rising edge of TXC 10 ns
tsuz TXEN setup to rising edge of TXC 10 ns
thp1 TXDI[3:0] hold from rising edge of TXC ns
thp2 TXEN hold from rising edge of TXC ns
tcrs1 TXEN high to CRS asserted latency 160 ns
tcrs2 TXEN low to CRS de-asserted latency 510 ns

Table 8. MIl Transmit Timing (10Base-T) Parameters
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MIl Receive Timing (10Base-T)

CRS / \
-«
RXDV trLAT \
too
™ Vs
RXDI[3:0] /
RXER \
A
tp
»
tw
RXC —
twn
Figure 11. MIl Receive Timing (10Base-T)
Timing Parameter | Description Min Typ Max Unit
tp RXC period 400 ns
twi RXC pulse width low 200 ns
twH RXC pulse width high 200 ns
top (RXDI[3:0], RXER, RXDV) output 182 225 ns
delay from rising edge of RXC
trLAT CRS to (RXD[3:0], RXER, RXDV) 6.5 us
latency

Table 9. MIl Receive Timing (10Base-T) Parameters
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MII Transmit Timing (100Base-TX)

t
e " /—\_/—
tom
- >
tsiz | o2 tp
- >
TXEN / \
> D1
tsu1
- >
TXD[3:0] Data
In
ters2
- > - >
ters1
CRS / \
Figure 12. MIl Transmit Timing (100Base-TX)
Timing Parameter | Description Min Typ Max Unit
tp TXC period 40 ns
twi TXC pulse width low 20 ns
twH TXC pulse width high 20 ns
tsu1 TXDI[3:0] setup to rising edge of TXC 10 ns
tsuz TXEN setup to rising edge of TXC 10 ns
thp1 TXDI[3:0] hold from rising edge of TXC ns
tHp2 TXEN hold from rising edge of TXC ns
tcrs1 TXEN high to CRS asserted latency 34 ns
tcrs2 TXEN low to CRS de-asserted latency 33 ns

Table 10. MIl Transmit Timing (100Base-TX) Parameters
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MIl Receive Timing (100Base-TX)

AN

\__~

CRS /
<«
RXDV triaT
too
RXD[3:0]
RXER
RXC

Figure 13. MIl Receive Timing (100Base-TX)

XX

tw

Timing Parameter | Description Min Typ Max Unit

tp RXC period 40 ns

twi RXC pulse width low 20 ns

twH RXC pulse width high 20 ns

tob (RXDI[3:0], RXER, RXDV) output 19 25 ns
delay from rising edge of RXC

trLAT CRS to RXDV latency 140 ns
CRS to RXD[3:0] latency 52 ns
CRS to RXER latency 60 ns

Table 11. MIl Receive Timing (100Base-TX) Parameters
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RMII Timing

Transmit
Timing

|

toyc

REFCLKJ

7]

1 —

‘_

TX_EN
TXD[1:0]

X

X

XX

Receive
Timing

REFCLK J

'
I
I
'
1
i

Figure 14. RMIl Timing — Data Received from RMII

tcyc

|

CRSDV
RXD[1:0]

XX XX

tod

Figure 15. RMII Timing — Data Input to RMII

Timing Parameter | Description Min Typ Max Unit
teye Clock cycle 20 ns
t1 Setup time 4 ns
t2 Hold time 2 ns
tod Output delay 3 9 ns
Table 12. RMII Timing Parameters — KSZ8041NL
Timing Parameter | Description Min Typ Max Unit
teye Clock cycle 20 ns
t1 Setup time 4 ns
ta Hold time ns
tod Output delay 9 11 13 ns

Table 13. RMII Timing Parameters — KSZ8041RNL

September 2010

47

KSZ8041NL/RNL

M9999-090910-1.4



Micrel, Inc. KSZ8041NL/RNL
Auto-Negotiation Timing
Auto-Negotiation
Fast Link Pulse (FLP) Timing
FLP FLP
Burst Burst
L] UL
- >
trLpw
-
tete
Clock Data Clock Data
Pulse Pulse Pulse Pulse
TX+/TX-
tew tew
-4 >
teto
- >
tere
Figure 16. Auto-Negotiation Fast Link Pulse (FLP) Timing
Timing Parameter Description Min Typ Max Units
teTe FLP Burst to FLP Burst 8 16 24 ms
trLpw FLP Burst width 2 ms
tew Clock/Data Pulse width 100 ns
teo Clock Pulse to Data Pulse 55.5 64 69.5 us
tere Clock Pulse to Clock Pulse 111 128 139 Hs
Number of Clock/Data Pulse per 17 33
FLP Burst

Table 14. Auto-Negotiation Fast Link Pulse (FLP) Timing Parameters
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MDC/MDIO Timing

tmD1 tmp2
< > >
MDIO Valid Valid
(PHY input) Data Data
tvpa
< >
MDIO Valid
(PHY output) Data
Figure 17. MDC/MDIO Timing
Timing Parameter | Description Min Typ Max Unit
tp MDC period 400 ns
timb1 MDIO (PHY input) setup to rising edge of MDC 10 ns
tmp2 MDIO (PHY input) hold from rising edge of MDC 4 ns
tmp3 MDIO (PHY output) delay from rising edge of MDC 222 ns

Table 15. MDC/MDIO Timing Parameters
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Reset Timing
The KSZ8041NL/RNL reset timing requirement is summarized in the following figure and table.

Supply g
Voltage L
tsr
- -
RST#
tcs | tch
g -
Strap-In
Value
trc
- >
Strap-In / ' '
Output Pin
Figure 18. Reset Timing
Parameter Description Min Max Units
tor Stable supply voltage to reset high 10 ms
tes Configuration setup time 5 ns
teh Configuration hold time 5 ns
tre Reset to strap-in pin output 6 ns

Table 16. Reset Timing Parameters

After the de-assertion of reset, it is recommended to wait a minimum of 100 us before starting programming on the MIIM
(MDC/MDIO) Interface.
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Reset Circuit
The reset circuit in Figure 19 is recommended for powering up the KSZ8041NL/RNL if reset is triggered by the power
supply.

3.3

KSZ8041NL/RNL D1 GD R 10K
RST# [« i
i C 10uF

Figure 19. Recommended Reset Circuit

The reset circuit in Figure 20 is recommended for applications where reset is driven by another device (e.g., CPU or
FPGA). At power-on-reset, R, C and D1 provide the necessary ramp rise time to reset the KSZ8041NL/RNL device. The
RST_OUT_n from CPU/FPGA provides the warm reset after power up.

3.3

R 10K

D1 T
KSZ8041NL/RNL GD CPU/FPGA

RST# 4 %‘ @ <4 RST_OUT_n

D2

C 10uF

D1, D2: 1N4148

Figure 20. Recommended Reset Circuit for interfacing with CPU/FPGA Reset Output.
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Reference Circuits for LED Strapping Pins

The Figure 21 shows the reference circuits for pull-up, float and pull-down on the LED1 and LEDO strapping pins.

3.3V
Pull-up
4.7KQ 220Q
KSZ8041NL/RNL
LED pin
3.3V
Float
220Q
KSZ8041NL/RNL
LED pin
3.3V
Pull-down
220Q
KSZ8041NL/RNL
LED pin
1IKQ

Figure 21. Reference Circuits for LED Strapping Pins
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Selection of Isolation Transformer

A 1:1 isolation transformer is required at the line interface. An isolation transformer with integrated common-mode chokes
is recommended for exceeding FCC requirements.

The Table 17 gives recommended transformer characteristics.

Parameter Value Test Condition
Turns ratio 1CT:1CT

Open-circuit inductance (min.) 350uH 100mV, 100kHz, 8mA
Leakage inductance (max.) 0.4uH 1MHz (min.)
Inter-winding capacitance (typ.) 12pF

D.C. resistance (typ.) 0.9Q

Insertion loss (max.) -1.0dB OMHz — 65MHz
HIPOT (min.) 1500Vrms

Table 17. Transformer Selection Criteria

Magnetic Manufacturer Part Number Auto MDI-X Number of Port
Bel Fuse S558-5999-U7 Yes 1
Bel Fuse (Mag Jack) S1-46001 Yes 1
Bel Fuse (Mag Jack) SI-50170 Yes 1
Delta LF8505 Yes 1
LanKom LF-H41S Yes 1
Pulse H1102 Yes 1
Pulse (low cost) H1260 Yes 1
Transpower HB726 Yes 1
TDK (Mag Jack) TLA-6T718 Yes 1

Table 18. Qualified Single Port Magnetics

Selection of Reference Crystal

Characteristics Value Units
Frequency 25 MHz
Frequency tolerance (max) 150 ppm
Load capacitance 20 pF
Series resistance 40 Q

Table 19. Typical Reference Crystal Characteristics
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Package Information
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NOTE:
ALL DIMENSIONS ARE IN MILLIMETERS.
MAX. PACKAGE WARPAGE IS 0.05 mm.
MAXIMUM ALLOWABE BURRS IS 0076 mm IN ALL DIRECTIONS.
PIN #1 ID ON TOP WILL BE LASER/INK MARKED.
Bhosre %% | — DIMENSION APPLIES TO METALIZED TERMINAL AND IS MEASURED
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32-Pin (6mm x 5mm) MLF® Package

MICREL, INC. 2180 FORTUNE DRIVE SAN JOSE, CA 95131 USA
TEL +1 (408) 944-0800 FAX +1 (408) 474-1000 WEB http://www.micrel.com

The information furnished by Micrel in this data sheet is believed to be accurate and reliable. However, no responsibility is assumed by Micrel for its
use. Micrel reserves the right to change circuitry and specifications at any time without notification to the customer.

Micrel Products are not designed or authorized for use as components in life support appliances, devices or systems where malfunction of a product
can reasonably be expected to result in personal injury. Life support devices or systems are devices or systems that (a) are intended for surgical
implant into the body or (b) support or sustain life, and whose failure to perform can be reasonably expected to result in a significant injury to the user.
A Purchaser’s use or sale of Micrel Products for use in life support appliances, devices or systems is a Purchaser’s own risk and Purchaser agrees to
fully indemnify Micrel for any damages resulting from such use or sale.

© 2006 Micrel, Incorporated.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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