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) FEATURES

Combines Manchester encoder/decoder and twisted
pair transceiver functions

*  Full-duplex capability (MB86961A only)

*  Direct interface to all popular Ethernet controllers
»  Direct interface to AUI and 10BASE-T outputs

*  Manual or automatic AUI /10BASE-T selection

»  Integrated pulse shaper and Tx/Rx filters

*  Selectable 100Q/150 Q termination permits opera-
tion with shielded or unshielded twisted pair cable

*  Reverse-polarity detection for receiver with auto-
matic correction

¢ On-chip jabber logic, SQE test and link test with
enable/disable option

*  Remote signaling of link down and jabber condi-
tions

*  Programmable receive threshold for extended range
»  Power down mode for minimum power dissipation

*  Output drivers for receive, transmit, collision and
link test pass LED indicators

*  Low power CMOS technology, single 5 volt power
supply

» TP loopback disable for external loopback testing
(MB86961 A only)

*  44-pin PLCC and 48-pin PQFP packages

Additional features in MB86961A only
*  Automatic shut-down of unused port to reduce
power consumption

* TP external loopback enable for testing

GENERAL DESCRIPTION

The MB86961(A) Universal Interface for 10BASE-T
(Twisted-Pair) Ethernet is fully compliant with the IEEE
802.3 specifications for AUI (Attachment Unit Interface)
and 10BASE-T (Twisted-Pair) interfaces and provides the
electrical interface between an Ethernet controller and the
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DB15 (AUI) and RJ45 (10BASE-T) connections to an
Ethernet local area network. Functions provided by the
MBB86961(A) include Manchester encoding and decoding
of the serial data stream, level conversion, collision detec-
tion, signal quality error (SQE) and link integrity testing,
jabber control, loopback, and automatic correction of
polarity reversal on the twisted-pair input.

Pulse shaping and filtering functions are performed by
the MB86961(A) to eliminate the need for external filter-
ing components and thus reduce overall system cost. The
device also provides outputs for receive, transmit, colli-
sion and link test LEDs and provides compatibility with
both shielded and unshielded twisted pair cables. The
receive threshold can be reduced to allow an extended
range between nodes in low noise environments. Its wide
range of features and its ability to interface to virtually all
popular controllers make the MB86961(A) the ideal
device for twisted pair Ethernet applications.

The MB86961(A) is part of a complete family of Ether-
net devices available from Fujitsu. It is fabricated in a
low-power CMOS technology and is supplied in a 44-pin
PLCC and 48-pin PQFP packages.

PIN CONFIGURATION
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PIN ASSIGNMENT - 44-PIN PLCC
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PIN PIN PIN PIN
NO. PIN NAME TYPE | NO. PIN NAME TYPE | NO. PIN NAME TYPE| NO. PIN NAME TYPE
1 VCC1 — 12 TXD | 23 GND1 — 34 VCC2 —
2 CIP | 13 TEN | 24 RBIAS I 35 TPONA O
3 CIN | 14 CLKO (0] 25 RCMPT O 36 TPONB O
4 NTH | 15 CLKI | 26 RXD o] 37 UTP I
5 MDO 1 16 COL O 27 CD o] 38 TPIP |
6 MD1 I 17 AUTOSEL ! 28 RCLK (@] 393 TPIN }
7 RLD o 18 LEDR 0 29 RJAB 0] 40 PAUI }
8 LU [ 19 LEDT/PDN e 30 PLR (o] 41 DIP 1
9 JAB o 20 LEDL [l{e] 31 TPOPB O 42 DIN |
10 TEST | 21 LEDC/XLBK VO 32 TPOPA O 43 DOP 0
11 TCLK o 22 LBK | 33 GND2 — 44 DON (o]
PIN ASSIGNMENT - 48-PIN PQFP
PIN PIN PIN PIN
NO. PIN NAME TYPE | NO. PIN NAME TYPE | NO. PIN NAME TYPE | NO. PIN NAME TYPE
1 PAUI | 13 RLD (0] 25 LEDR O 37 RJAB 0]
2 DIP 1 14 LI | 26 LEDT/PDN /O 38 PLR O
3 DIN I 15 JAB o 27 LEDL I 39 TPOPB 0]
4 DOP o] 16 TEST | 28 LEDC/XLBK le} 40 TPOPA o]
5 DON (o] 17 TCLK O 29 LBK | 41 GND —
6 NC — 18 TXD I 30 GND — 42 VCC —
7 VCC — 19 VCC — 31 NC — 43 VCC —
8 CIP | 20 TEN | 32 RBIAS | 44 TPONA (0]
9 CIN | 21 CLKO I 33 RCMPT O 45 TPONB (e]
10 NTH I 22 CLKt (o] 34 RXD (o] 46 UTP 1
11 MDO I 23 COL (o} 35 CD (@) 47 TPIP I
12 MD1 I 24 AUTOSEL | 36 RCLK (0] 48 TPIN 1
ORDERING CODE
PACKAGE STYLE PACKAGE CODE c=+V+5%
44-Pin Plastic Leaded Chip Carrier LCC-44P-M02 MB86961(A)PD-G
48-Pin Plastic Quad Flat Package FPT-48P-M02 MNB86961(A)PF-G
2
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PAUI Mode Select Logic MO0
u Controller Compatibility/ MD1
LBK Port Select/
Polarity Reverse/ PLS Only UTP
Loopback/Link Test PLS/MAU Select -
TCLK Twisted Palr
Interface - TPOPB
CLK1 XTAL : "
CLKO 0sc Pulse $haper CMOS “—1» TPOPA
[ K & Filter TX AMP | . TPONA
Manchester Watch- bO 17 TPONB
TEN Encoder Dog st B
Timer L ; .
™ Bl i Collisionv
o B Polarity/ ! TPIP
RLD R I rt~—| Correct :
RJAB Signaling
RCMPT 5 pov
-Drop. e
cD Squelch/ [ [ Intertace :
LEDL Link Detect S k
DOP
RXD — ] DON
RCLK Decoder
o RX Siice DiP
Collision e o DiN
Logic it :
coL . Collision [ cip
Receiver |- CIN
Y
LEDT/PDN LEDR LEDC/XLBK NTH JAB PLR -
Lo __|for MBB6861 - LEDC (output pin)
for MBB6961A - LEDC/XLBK (VO pin)
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SIGNAL DESCRIPTIONS

Symbol Type Description

AUTOSEL | AUTOMATIC PORT SELECT:When AUTOSEL=1, automatic port selection is
enabled (the MB86981(A) defaults to the AUI port only if TP link integrity=Fail). When
AUTOSEL=0, manual port selection is enabled (the PAUI pin determines the active
port).

CD (o] CARRIER DETECT: An output to notify the controller of activity on the network.

CIP I AUl COLLISION PAIR:Differential input pair connected to the AUl transceiver Cl cif-

CIN I cuit. The input is collision signaling or SQE.

CLKO @] CRYSTAL OSCILLATOR:A 20MHz crystal must be connected across these pins, o

CLKI | a 20 MHz clock applied at CLKI.

COL (0] COLLISION DETECT:Output which drives the collision detect input of the controllef.

DiP | AUl RECEIVE PAIR: Differential input pair from the AUl transceiver DI circuit. The

DIN | input is Manchester encoded.

DOP o AUI TRANSMIT PAIR:A differential output driver pair for the AUI transceiver cable.

DON O The output is Manchester encoded.

JAB (o} JABBER INDICATION: Output goes high to indicate Jabber state.

LBK 1 LOOPBACK: When LBK=1, forced loopback is enabled. When LBK=0, normal loog-
back is enabled.

LEDC/XLBK O COLLISION LED:Open drain driver for the collision indicator. Output is pulled low
during collision. For MB86961A only, if externally tied low, the MB86961A only dis-
ables the internal TP loopback and collision detection circuits in anticipation of exter-
nal TP loopback or full-duplex operation. MB86961A is ready for loopback testing 1p
ms after this pin goes low. No delay is needed when the pin goes high.

LEDL /O LINK LED: Open drain driver for link integrity indicator. Output pulled low during link
test pass. If externally tied low, internal circuitry is forced to “Link Pass’ state and tHe
MB86961 (A) will continue to transmit link test pulses.

LEDR (&} RECEIVE LED: Open drain driver for the receive indicator LED. Qutput is pulled loy
during receive.

LEDT/ [e] TRANSMIT LED/POWER DOWN:Open drain driver for the transmit indicator. Out-

PDN | put is pulled low during transmit. If externally tied low, the MB86961 (A) goes to
power down state.

LI | LINK TEST ENABLE:When LI=0, the Link Integrity Test function is disabled. Wher]
LI=1, the Link Integrity Test function is enabled.

MDO | MODE SELECT: Mode select pins which determine controller compatibility mode.

MD1 | See Table 1.

NTH | NORMAL THRESHOLD: When NTH=1, the normal TP squelch threshold is in
effect. When NTH=0, the normal TP squelch threshold is reduced by 4.5 dB.

PAUI I PORT/AUI SELECT: In Manual Port Select mode (AUTOSEL=0), PAUI selects the
active port. When PAUI=1, the AUI port is selected, When PAUI=0, the TP port is
selected. In Auto Port Select mode, PAUI is ignored.

PLR 0] POLARITY REVERSE: Output goes high to indicate reversed polarity.

RBIAS | BIAS CONTROL: A bias resistor at this pin controls the bias of the operating circui.

RCLK (0] RECEIVE CLOCK:A recovered 10 MHz clock which is synchronous with the
received data and connected to the controller receive clock input.
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SIGNAL DESCRIPTIONS (Continued)

Symbol Type Description

RCMPT 0 REMOTE COMPATIBILITY:Output goes high to signal the controller that the remotg
port is compatible with the MB86961 (A) remote signaling features.

RJAB (0] REMOTE JABBER: Output goes high to signal the controller that the remote port ig
in Jabber condition.

RLD o] REMOTE LINK DOWN:Output goes high to signal to the controiler that the remote
port is in link down condition.

RXD (¢} RECEIVE DATA:Output signal connected directly to the receive data input of the
controller.

TCLK 8} TRANSMIT CLOCK: A 10 MHz clock output. This clock signal is directly connected
to the transmit clock input of the controller.

TEN | TRANSMIT ENABLE:Enables data transmission and starts the watchdog timer.
Synchronous with TCLK (see Figures 14, 20, 26, and 32 for details).

TEST ! TEST: Input for factory test of the device. Leave open for normal operation.

TPIP (0] RECEIVE TWISTED-PAIR: A differential input pair from the twisted-pair cable.

TPIN o Receive filter is integrated in-chip. No external filters are required.

TPOPA/B (0] TRANSMIT TWISTED PAIR:Two differential driver pair outputs (A and B) to the

TPONA/B (o] twisted-pair cable. The output is pre-equalized, no external filter is required. Two
pairs are used to provide compatibility with both 10 load cable and 150Q load
cable.

TXD | TRANSMIT DATA:Input signal containing NRZ data to be transmitted on the net-
work. TXD is connected directly to the transmit data output of the controller.

UTP | UTP/STP: When UTP=0, 150Q termination for shielded TP is selected. When
UTP=1,100 Q termination for unshielded TP is selected.

VCC1, VCC2 — POWER INPUTS: +5V power supply inputs.

GND1 — GROUND RETURNS 1 & 2:Grounds

GND2 —
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APPLICATIONS

Figure 1 shows the MB86961 (A) in a typical application,
interfacing between a controller and the RJ45 connector
of the twisted-pair network. Figures 2 through 5 show
detailed diagrams of various MB86961 (A) applications.

AUTO PORT SELECT LOOPBACK
CONTROL PIN

With MDO and MD1 both tied high, the MB86961 (A)
logic and framing are set to Mode 4 (compatible with
National NS8390 controllers).

The AUTOSEL pin is tied high, allowing the MB86961
(A) to automatically select the active port. The high at LI
enables Link Testing.

The UTP and NTH pins are both tied high selecting the
standard receiver threshold and 100Q termination for
unshielded TP cable. (See Figure 2.)

MANUAL PORT SELECT LINK
TEST FUNCTION

With MDO low and MD1 tied high, the MB86961 (A)
logic and framing are set to Mode 3 (compatible with
Fujitsu MB86950 an MB86960 controllers). As in Figure
2, the LI pin is tied high, enabling Link Testing, and the
UTP and NTH pins are both tied high, selecting the stan-
dard receiver threshold and 100 £ termination for

unshielded TP cable. However, in this application AUTO-

SEL is tied low, allowing external port selection through
the PAUI pin. The remote status output are inverted and
used to drive LED indicators. (See Figure 3.)

TWISTED-PAIR ONLY

Figure 4 shows the MB86961 (A) is a typical twisted-pair
only application. The DTE is connected to a 10BASE-T
network through the twisted-pair RJ45 connector. (The
AUI port is not used.) With MDO tied high and MD1
grounded, the MB869161(A) logic and framing are set to
Mode 2 (compatible with Intel 82586 controllers). The LI
pin externally controls the link test function. The UTP
and NTH pins are both tied low, selecting the reduced
receiver threshold and 150€2 termination for shielded TP
cable. The switch at LEDT/PDN manually controls the
power down mode. (See Figure 4.)

AUl ENCODER/DECODER ONLY

In this application, the DTE is connected to the coaxial
network through the AUL. AUTOSEL and PAUI are both
tied to ground, manually selecting the AUI port. The
twisted-pair port is not used. With MD1 and MDO both
grounded, the MB86961 (A) logic and framing are set to
Mode 1 (compatible with AMD AM7990 controllers).
The LI pin is tied low, disabling the link test function.
The LBK input controls loopback. A 20 MHz crystal con-
nected across CLKI and CLKO provides the required
clock signal. (See Figure 5.)

10BASE-T <af——»!  MBBGISI(A)

face

AUl ——Pr .

10BASE-T Inter- Lag—

H
MBB6950 o
Ethemet S
Controller T B
u
s

Figure 1. Typical System Diagram
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20 MHz

20 pF 20 pF
! ] |
I LT 1
oLkt CU;O 75Qs1% T _J: ) R4S
TXD —*=| TXD TPOPB —'Wj 12
TXE —=| TEN TPOPA f—Ap4—1 : ®
- ™ ToLK 37.5Q +1% : I, 18pF
Back-End Controller RXC - RCLK 37.5Q+1%, | % @
Interface RXD ~-—] RXD TPONA | "
CPS =—CD TPONB 750 Ty, ! | ® To 10Base-T
COL -«— CcOoL | t Twisted-Pair Network
Loopback Enable LBK s00+1% | Tty @
+5V TPIP 7 7
PAUI 0.pF | ®
AUTOSEL t |
b ! MDO i '@
rogramming TPIN E—
Optians m?,: "™ Boaerm _AJ .
+12V
utP Q" < @/@——
Lt CIN T @
1
MB86961/961A @ Fuse
cP ®@
RIAB v @-
780, @HA
Remote Status RLD DON @
| ]
RCMPT ‘@
| | @

DOP T 7 @
8318T21g AR 780 | 1 @ D-Connector
8<8<cB<3 DIN ) @ to AU} Drop Cable

PLR 1 @
LEDG/XLBK o
LEDR LA—I T
LEDL
— LEDT/PDN
ine Status VCC1 124Q 1%
vCC2 RBIAS /\/\,
L P GND1
7 uF TANT ] 0.1 uF GND2

A
A

A

Figure 2. LAN Adapter Board Application - Auto Port Select with External Loopback Control

Suitable crystals include the MTRON MP-1 and MP-2

Suitable TP transformers include the Fil-Mag 237128, and SM23Z128; Valor PT4069 and SM4069;

and Pulse Engineering PE65994, PE65745, PE65746, and PE65454,

Suitable AUl transformers inciude the Fil-Mag 23290 and SM232Z80; Valor LT6030 and SM6030;

and Pulse Engineering PE64502
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20 pF 20 MHz 20 pF
[ N |
I 1L |
CLKO -
o 75Q11% F 0 RJ45
TXD ~—{ TXD TPOPB Iy, 2.}
TEN —=| TEN TPOPA |—AA~—L _' 1 @
MB6950 or MB86960 TOKN =] TOLK e /‘,: P—|—|I F—-qu':
or
Back-End Controller RCKN ~=—1 RCLK s 1%; 3¢ [—‘@
Interface RXD ~+— RXD TPONA ' ‘
—-—] PONB -
XCD €D T 75Q +1% | I To 10Base-T
-XCOL -=+—1 COL ¥ < Twisted-Pair Network
LBC —=| LBK 50Q£1% | Bt @
TPIP r i
Loopback Enable PAUI 0.1pF ' | @
+5Vv [ ] AUTOSEL i ]
o ] T t—imoo 1 H®
rogramming TPIN :
Options xz: 50Q+1% | _A_ _!
( ) +2v
uTP 780 T A DH—"
a1 Tg Lt CIN T 9 >
833353 v MB86961/961A ! ) Fuse
cp L 3
] RIAB b D
78Q 3 } @-——l
<] ALD DON n ®
ACMPT g 5
Remote Status =< E - @ O
popP hebo ®
gIgIsIg 780 i1 @ D-Connector
gs858°8 ~—qJAB DIN ® to AUl Drop Cable
~—1PLR x i
l T LEDC/XLBK DIP 21C
Ly i
LEDL
— LEDT/PDN
ine Staius Vot 12.40 £1%
VCC2 RBIAS /\/\,
_b 1. GND1
!1uF TANT [ 0.1pF GND2

A Suitable crystals include the MTRON MP-1 and MP-2

A Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and SM4069;
and Pulse Engineering PE65994 and PE6574

A Suitable AU transtormers include the Fil-Mag 23290 and SM23Z90; Valor LT6030 and SM6030;
and Pulse Engineering PE64502

Figure 3. LAN Adapter Board Application - Manual Port Select with Link Test Function
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82586
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Line Status

10kQ2
10k
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Ext.
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CLK1 CLKO
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TEN TPOPA
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LBK
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MDO
MD1 TPIN
NTH
uTe
u CIN

MB86961/961A cp
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DOP
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LEDR
LEDL
LEDT/PDN
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GND1
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:1:ﬁ'
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37.5Q 1% | 1
I
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75Q 1% |
)

75Q11% 1 1

1l

0.1pFI

i

1
A

78Q11% L =

I

12.4Q 1%

A Suitable crystals include the MTRON MP-1 and MP-2

A

Suitable TP transformers include the Fil-Mag 232128, and SM232128; Valor PT4069 and SM4069;
and Pulse Engineering PE65994, PE65745, PE65746, and PE6S5454,

Figure 4. Twisted-Pair Only Application

To 10Base-T
Twisted-Pair Network
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20 MHz

20 pF D 20 pF
CLK1 CLKO
( % —| TxD TPOPB |-
TENA —=| TEN TPOPA -
NS890 TCLK == TCLK
Back-End Controller RCLK ~+— RCLK
Interface RX -=— RXD TPONA }+—
RENA -«—1{ CD TPONB —
CLSN -— cOL
Loopback Enable ¢ LBK
TPIP |-
( PAUI
AUTOSEL
: +5V MDO
P T MDt TPIN |-
NTH ( Y +12V
uTP 780 7T ® O
u CIN T @
MB86961/961A E‘:—, 40 Fuse
. cP ®
RJAB 780 ) @
e ®HH
Remote Status RLD DON 1 @
RCMPT \ —(®
or |- 3 E s
g gff JAB o 780 | | @ D-Connector
2282828 IN - ® to AU! Drop Cable
PLR , (&)
, O T
LEDR L A"
LEDL
- LEDT/PDN
Line Status veet 12.4k02 £1%
vCC2 RBIAS
_b -1 GND1
—VIT WF TAN@)J KF GND2

A Suitable crystals include the MTRON MP-1 and MP-2

Suitable AU transformers include the Fil-Mag 23Z90 and SM23290; Valor LT6030 and SM6030;

and Pulse Engineering PE64502

Figure 5. AUl Encoder/Decoder Only Application
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FUNCTIONAL DESCRIPTION

The MB86961(A) Universal Ethernet Interface Trans-
ceiver performs the physical layer signaling (PLS) and
Media Attachment Unit (MAU) functions as defined by
the IEEE 802.3 specification. It functions as a PLS-only
device (for use with 10BASE2 or 10BASES5 coaxial cable
networks) or as an Integrated PLS/MAU (for use with
10BASE-T twisted-pair networks).

The MB86961(A) interfaces a back-end controller to
either an AUI drop cable or twisted-pair (TP) cable. The
controller interface includes transmit and receive clock
and NRZ data channels, as well as mode control logic and
signaling. The AUI interface comprises three circuits:
Data output (DO), Data Input (DI) and Collision (CI).
The twisted-pair interface comprises two circuits:
Twisted-Pair Input (TPI) and Twisted-Pair Output (TPO).
In addition to the three basic interfaces, the MB86961(A)
contains an intemmal crystal oscillator and four LED driv-
ers for visual status reporting.

Functions are defined from the back end controller side of
the interface. The MB86961(A) Transmit function refers
to data transmitted by the back end to the AUI cable
(PLS-Only mode) or to the twisted-pair network (Inte-
grated PLS/MAU mode). The MB86961(A) Receive
function refers to data received by the back end from the
AUI cable (PLS-Only) or from the twisted-pair network
(Integrated PLS/MAU mode). In the integrated PLS/
MAU mode, the MB86961(A) performs all required
MAU functions defined by the IEEE 802.3 10BASE-T
specification such as collision detection, link integrity
testing, signal quality error messaging, jabber control and
loopback. In the PLS-Only mode, the MB86961(A)
receives incoming signals from the AUT DI circuit with
up to 18ns of jitter and drives the AUI DO circuit,

11
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CONTROLLER COMPATIBILITY MODES

The MB86961(A) is compatible with most industry stan-
dard controllers including devices produced by Advanced
Micro Devices (AMD), Intel, Fujitsu and National Semi-
conductor. Four different control signal timing and polar-
ity schemes (Modes 1 through 4) are required to achieve
this compatibility. Mode select pins MDO and MDI1
determine controller compatibility modes as listed in
Table 1.

Table 1. MB86961(A) Compatibility Modes
MD1 | MDO Mode

o] 0 |Mode 1: Compatible with Advanced
Micro Devices AM7990 con-
trollers

Q 1 Mode 2:  Compatible with Intel 82586
controllers

1 0 Mode 3: Compatible with Fujitsu
MB86950 and MB86960
controllers

1 1 Mode 4:  Compatible with National
Semiconductor 8390 control-
lers

*  Mode 1: Figures 12-17
¢ Mode 2: Figures 18-23
*  Mode 3: Figures 24-29
*  Mode 4: Figures 30-35

The related timing specifications are provided in the elec-
trical characteristics section of this data sheet.
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TRANSMIT FUNCTION

The MB86961(A) receives NRZ data from the controller
at the TXD input (sec MB86961(A) block diagram), and
passes it through a Manchester encoder. The encoded
data is then transferred to either the AUI cable (the DO
circuit) or the twisted-pair network (the TPO circuit). The
advanced integrated pulse shaping and filtering network
produces the output signal on TPON and TPOP, shown in
Figure 6. The TPO output is pre-distorted and prefiltered
to meet the 10BASE-T jitter template. No external filters
are required. During idle periods, the MB86961(A) trans-
mits link integrity test pulses on the TPO circuit if LI is
enabled and integrated PLS/MAU mode is selected. The
MB86961(A) can be programmed for either shiclded TP
(150 Q) or unshielded TP (100Q) through the UTP pin.

JABBER CONTROL FUNCTION

Figure 7 is a state diagram of the MB86961(A) Jabber
control function. The MB86961(A) on-chip watchdog
timer prevents the DTE from locking into a continuous
transmit mode. When a transmission exceeds the time
limit, the watchdog timer disables the transmit and loop-
back functions, and activates the JAB pin. Once the
MB86961(A) is in the jabber state, the TXD circuit must
remain idle for a period of 0.25 to 0.75 seconds before it
will exit the jabber state.

SQE FUNCTION

In the integrated PLS/MAU mode, the MB86961(A) sup-
ports the signal quality error (SQE) function as shown in
Figure 8. After every successful transmission on the
10BASE-T network, the MB86961(A) transmits the SQE
signal to the DTE for 10£5 bit times over the internal CI
Circuit.

RECEIVE FUNCTION

The MB86961(A) receive function acquires timing and
data from the twisted-pair network (the TPI circuit) or
from the AUI (the DI Circuit). Valid received signals are
passed through the on-chip filters and Manchester

NN ——
AVAVAVRY

Figure 6. MB86961(A) TPO Output Waveform
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decoder and output as decoded NRZ data and receive tim-
ing on the RXD and RCLK pins, respectively. No exter-
nal filters are required.

An internal intelligent squelch function discriminates
noise from link test pulses and valid data streams. The
receive function is activated only by valid data streams
above the squelch level and with proper timing. If the dif-
ferential signal at the TPI or the DI circuit inputs falls
below 75% of the threshold level (unsquelched) for eight
bit times (typical), the MB86961(A) receive function
enters the idle state. If the polarity of the TPI circuit is
reversed, the MB86961(A) detects the polarity reversal
and reports it via the PLR output. The MB86961(A) auto-
matically corrects reversed polarity.

POLARITY REVERSE FUNCTION

The MB86961(A) polarity reverse function uses both link
pulses and end-of-frame data to determine the polarity of
the received signal. A reversed polarity condition is
detected when eight opposite receive link pulses are
detected without receipt of a link pulse of the expected
polarity. Reversed polarity is also detected if four frames
are received with a reversed start-of-idle. Whenever
polarity is reversed, these two counters are reset to zero.
If the MB86961(A) enters the link fail state and no valid

Power On

i i

NO QUTPUT

‘ (DO = Active)

NONJABBER OUTPUT

Start_XMIT_Max_Timer

(DO = Active)»

=1dl
idle (XMIT_Max_Timer_Done)

a(m

JAB

XMIT = Disable
LPBK = Disable
Cl =SQE

l (DO = Idle)

UNJAB WAIT

Start_Unjab_Timer
XMIT = Disable
LPBK = Disable

Cl = SQE

|

{Unjab_Timer_Done)

|

(DO = Active)
(Unjab_Timer_Not_Done)

Figure 7. Jabber Controf Function
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data or link pulses are received within 96 to 128 ms, the
polarity is reset to the default non-flipped condition. If
Link Integrity Testing is disabled, polarity detection is
based only on received data. Polarity correction is always
enabled.

COLLISION DETECTION FUNCTION

The collision detection function operates on the twisted-
pair side of the interface. A collision is defined as the

Power On

1

OUTPUT IDLE

{DO = Active)

OUTPUT DETECTED

(DO =Idie)

SQE WAIT TEST

Start_SQE_Test_Wait_Timer

(: XMIT = Disable)

3

{SQE_Test_Wait_Timer_Done)»
(XMIT = Enable)

SQE TEST

Start_XMIT_Max_Timer
Cl = SQE

{SQE_Test_Timer_Dane)

Figure 8. SQE Function
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simultaneous presence of valid signals on both the TPI
circuit and the TPO circuit. The MB86961(A) reports
collisions to the back-end via the COL pin. If the TPI cir-
cuit becomes active while there is activity on the TPO cir-
cuit, the TPI data is passed to the back-end over the RXD
circuit, disabling normal loopback. Figure 9 is a state dia-
gram of the MB86961(A) collision detection function.
Refer to Electrical Characteristics for collision detection
and COL/CI output timing.

LOOPBACK FUNCTION

The MB86961(A) provides the normal loopback function
specified by the 10BASE-T standard for the twisted-pair
port. The loopback function operates in conjunction with
the transmit function. Data transmitted by the back-end is
internally looped back within the MB86961(A) from the
TXD pin through the Manchester encoder/decoder to the
RXD pin and returned to the back-end. The “normal”
loopback function is disabled when a data collision
occurs, clearing the RXD circuit for the TPI data. Normal
loopback is also disabled during link fail and jabber
states.

The MB86961A also provides three additional loopback
functions. An external loopback mode, useful for system-
level testing, is controlled by pin 21 (LEDC). When
LEDC is tied low, the MB86961A disables the collision
detection and internal loopback circuits to allow external
loopback or full-duplex operation. (This function is not
implemented in the MB86961(A)). The MB86961(A)
provides additional loopback functions controlled by pin
22 (LBK). When the TP port is selected and LBK=1, TP
loopback is “forced,” overriding collisions on the TP cir-
cuit. When LBK=0, normal loopback is in effect.

@ Power On
{DO= Active) A ‘
{TPI = Idie)- s
(XMIT = Enabled) DLE (TP! = Active)
OUTPUT INPUT
TSO:D%O (DO= Active) (0= Actver| V= TP
(TPl = Active)» (TPI = Active)
{XMIT = Enabled) (XMIT = Enab]ed1
COLLISION
(DO= Idle) + TPO = DO (TP1 = Idie)
- Di Dl = TPI
(XMIT = Disabled) Si=Ju
{DO= Active)s (DO= Idte)
(TPI = Idle)
Figure 9. Collision Detection Function
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When the AUI port is selected and LBK=1, data transmit-
ted by the back-end is internally looped back from the
TXD pin through the Manchester encoder/decoder to the
RXD pin. When LBK=0, no AUI loopback occurs.

LINK INTEGRITY TEST

Figure 10 is a state diagram of the MB86961(A) Link
Integrity test function. The link integrity test is used to
determine the status of the receive side twisted-pair cable.
Link integrity testing is enabled when pin 8 (LI) is tied

©
FUJITSU

high. When enabled, the receiver recognizes link integrity
pulses which are transmitted in the absence of receive
traffic. If no serial data stream or link integrity pulses are
detected within 50-150 ms, the chip enters a link fail state
and disables the transmit and normal loopback functions.
The MB86961(A) ignores any link integrity pulse with an
interval less than 2-7 ms. The MB86961(A) will remain
in the link fail state until it detects either a serial data
packet or two or more link integrity pulses.

Power On

b {

IDLE TEST

Start_Link_Loss_Timer

Start_Link_Test_Min_Timar (TPI = Active)

{(Link_Test_Rcvd = True) «

LINK TEST FAIL EXTENDED

Start_Link_Test_Min_Timer
Start_Link_Test_Max_Timer

XMIT = Disabie
(TPI = Idie) »
(DO = die)

(Link_Loss_Timer_Done) F I {Link_TYest_Min_Timer_Dong))
(TPI=idle)
(Link_Test_Rcvd = Falsa) ‘ *
LINK TEST FAIL RESET LINK TEST FAIL WAIT
Link_Count =0 XMIT = Disable
XMIT = Disable RCVR = Disable
RCVR = Disable LPBK= Disable
LPBK= Disable Link_Count = Link Count + 1
(TP = Active) {Link_Test_Rcvd = False) ¢
(TP! = Idle) .
(Link_Test_Rcvd = idle)
(TP = tdle)
LINK TEST FAIL
Start_Link_Test_Min_Timer
Start_Link_Test_Max_Timer
XMIT = Disable
RCVR = Disable
(TPi = Active) + LPBK = Disable
(Link_Count = LC_Max)
{Link_Test_Min_Timer_Done)~
¥ + (Link_Tast_Revd = True)

Figure 10. Link Integrity Test Function

(TPl = ldle » Link_Test_Max_Timer_Dong) +
((Link_Test_Min_Timer_Done) =
{Link_Yest_Rcvd = True))
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REMOTE SIGNALING

The MB86961(A) transmits standard link pulses which
meet the 10BASE-T specification. However, the
MB86961(A) encodes additional status information into
the link pulse by varying the link pulse timing. This is
referred to as remote signaling. Using alternate pulse
intervals, the MB86961(A) can signal three local condi-

tions: link down, jabber, and remote signaling capability.
Figure 11 shows the interval variations used to signal
local status to the other end of the line. The MB86961(A)
also recognizes these alternate pulse intervals when
received from a remote unit. Remote status conditions are
reported to the controller over the RLD, RJAB and
RCMPT output pins.

L-ALD!

LI-RJAB?

10ms 20ms 10ms

LI-RCMPT?

Notes: 1.

switches between 10 ms and 20 ms.

10ms 15ms 20ms 10ms t5ms 20ms 10ms 15ms 20ms

20ms 15ms 10ms 20ms 15ms 10ms 20ms 15ms 10ms

20ms 10ms

20ms 10ms 20ms
For Remote Link Down (RLD) signaling, the interval between LI pulses increments from

10 ms to 15 ms to 20 ms, and then the cycle starts over.

2. For Remote Jabber (RJAB) signaling, the interval between LI pulses decrements from 20
ms to 15 ms to 10 ms, and then the cycle starts over.

3. For Remote Compatibility (RCMPT) signaling, the interval between LI pulses continually

Figure 11. Remote Signaling Link Integrity Pulse Timing

L

15

B 374975bL 0023528 54k N




MB86961/MB86961A FUﬁTSU

ELECTRICAL CHARACTERISTICS
Table 2. ABSOLUTE MAXIMUM RATINGS

Symbol Rating Conditions Min. Max. Units
Vee Supply voltage -0.3 6 \
Top Operating temperature 0 70 °C
Tt Storage temperature -65 150 °C

Note:  Exceeding these values may cause permanent damage. Functional operation under these conditions is not
implied. Exposure to maximum rating conditions for extended periods may affect device reliability.

Table 3. INPUT/OUTPUT CHARACTERISTICS (] = 0°C to +70°C, Voo = 5 V5%)

Symbol Parameter Condition Min. | typ.t| Max. Units
Vi Input low voltage' — — 0.8 v
Vin Input high voltage? 20 | — — v
VoL Output low voltage loL =1.6 mA for MB86961 — —_ 0.4 Vv

loL =3.2 mA for MB86961(A) | — — 0.4 v
loL < 10mA — — 10 %Veo
Vou Output high voltage lon = 40 mA 2.4 — — v
oy < 1T0mA 90 — — %Vee
iCC Supply current Normal mode —_ 90 —_ mA
Power-down mode — 5 — mA
iR Output rise time CMOS TCLK and RCLK — 3 — ns
TTL TCLK and RCLK — 2 — ns
te Qutput fall time CMOS TCLK and RCLK — 3 - ns
TTL TCLK and RCLK _— 2 — ns

Notes: 1. Typical figures are at 23C and are for design aid only; not guaranteed and not subject to production testing.

2. Limited functional test patterns are performed at these input levels. The majority of functional tests are per-
formed at levels OV and 3 V.

Table 4. AUI ELECTRICAL CHARACTERISTICS (f = 0°C to +70°C, Vo = 5 V 15%)

Symbol Parameter Condition Min. Typ.! Max. Units
I Input low current — — -700 mA
Iy Input high current — — 500 mA
Vop Differential output voltage 1550 — +1200 mv
Vps Differential squelch threshold — 220 — mv

Note: Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

16
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Table 5. TP ELECTRICAL CHARACTERISTICS (f = 0°C to +70°C, V¢ = 5 V £5%)

Symbol Parameter Condition Min. Typ.! Max. Units
Zoyt Transmit output impedance — 5 — w
Vobp Peak differential output voltage Load=100 Q at TPOP and — 3.5 — \

TPON
tyr Transmit timing jitter addition 0 line length ! — — +8 ns
tar Transmit timing jitter addition After line model specified —_ — +3.5 ns
by IEEE 802.3 for
10BASE-T
ZiN Receive input impedance Between TPIP/TPIN, — 20 —_ kQ
CIP/CIN and DIP/DIN
Vps Differential squelch threshold - 420 — mv
Vpst Lower squelch threshold — 250 —_ my

Notes: 1. Typical figures are at 23C and are for design aid only; not guaranteed and not subject to production testing.
2. Parameter is guaranteed by design, not subject to production testing.

Table 6. SWITCHING CHARACTERISTICS (| = 0°C to +70°C, Vo = 5 V 15%)

Symbol I Parameter | Condition l Min. | Typ. l Max. I Units
Jabber Timing
taB Maximum transmit time 20 — 150 ms
tugaB Unjab time 250 — 750 ms
Link Integrity Timing
to Time link loss 55 — 66 ms
t py Time between Link Integrity Pulses 8 — 24 ms
tip2 Interval for valid receive Link integrity 4.1 - 65 ms

Pulses

General
trsT Receive start-up delay Y — 500 ns
trst Transmit start-up delay 0 - 200 ns
tigy Loopback start-up delay 0 - 500 ns

Note: Parameter is guaranteed by design; not subject to production testing.

17
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Table 7. RCLK/Start-of-Packet Timing

Symbol Parameter Min. Typ.! Max. Units
tDATA Decoder acquisition time AUl - 900 —_ ns
TP — 1300 — ns
tcp CD turn-on delay AUl — 50 — ns
TP - 400 — ns
tros Receive data setup from RCLK Mode 1 40 — — ns
Modes 2, 3and 4 30 —_ — ns
tRDH Receive data hold from RCLK Mode 1 10 — — ns
Modes 2, 3 and 4 30 —_ — ns

Note:  Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

Table 8. RCLK/End-of-Packet Timing

Symbol Parameter Type Mode 1 Mode 2 Mode 3 Mode 4 Units
treH RCLK hold after CD low Min. 0 1 27 5 bt
trp RCV data throughput delay Typ. 300 275 275 275 ns
tcooFF CD turn off delay Typ. 400 375 375 375 ns
teg Receive block out Typ. 2 50 27 5 bt

Notes: 1. Typical figures are at 29C and are for design aid only; not guaranteed and not subject to production testing.

2. CD Turn off delay measured from middle of last bit, so timing specification is unaffected by the value of the
last bit.

Table 9. Transmit Timing

Symbol Parameter Min. Typ.! Max. Units
tercH TEN setup from TCLK - 30 — ns
tpscH TXD setup from TCLK — 30 — ns
teHEL TEN hold after TCLK — 5 - ns
teHDu TXD hold after TCLK — 5 — ns

Note:  Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

Table 10. Collision Detection, COL/CI Output and Loopback Timing

Symbol Parameter Min. Typ.! Max. Units
tcop COL turn on delay — 50 _— ns
tcoLorF COL turn off delay — 160 — ns
tsqep SQE Delay 0.65 — 1.6 ms
tsqep SQE Pulse Duration 500 - 1500 ns
tkHEH LBK setup from TEN —_ 25 — ns
tKHEL LBK hold after TEN — 0 - ns

Note:  Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

18
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MODE 1 (MD1=0, MD0=0) TIMING DIAGRAMS — FIGURES 12 - 17

co

Bad

Prlofofofafofafolafs]sfo]tfofofofr]o]1fo

TPIPTPIN
or DIP/DIN

CcD

RCLK

tbaTa _ )i f—

[1yo]a]o]r]o]r]o]t]r]t]o]n

Figure 12. Mode 1 RCLK/SOP Timing

[+lolv]oft]of1]o]of

TPIP/TPIN
or DIP/DIN

L tcooFF

tirG

CcD

tRo

w  ANUUVUUIL)

RXD ’ \ } \ ’ \

| slolrfoft]of1]ofo]

Note: RXD is triggered by the rising edge of RCLK, with RCLK advanced by 25 ns. The controller is sampled at the rising edge.

Figure 13. Mode 1 RCLK/EOP Timing

19

B 3749756 0023532 T?7 WA




MB86961/MB86961A

[0®)
FUJITSU

TEN

J TEHCH TeHeL

TCLK
toscH
teroy
XD
Figure 14. Mode 1 Transmit Timing
cl
toolb tcoLorr
coL
Figure 15. Mode 1 Collision Detect Timing
TEN J YE
I tsaep
coL
fow b
Figure 16. Mode 1 COL/CI Output Timing
LBK { }
T tkHEM 1 tKHEL
TEN L
—
h tcaga
co \
Figure 17. Mode 1 Loopback Timing
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MODE 1 (MD1=0, MD0=0) TIMING DIAGRAMS — FIGURES 18 - 23

TPIP/TPIN
or DIP/DIN

tco

cD

frlol1]oe|lt]ojr]o]ls|t]t}o]1]ojo]la]t]o|1]a

RCLK

_ toaTA H f—

[1]o)t]o]t]o]s]o] ] t]1]o]n

Note: RXD changes at the rising edge of RCLK. The controller is sampled at the faliing edge.
Figure 18. Mode 2 RCLK/SOP Timing

[ rlofrfolr]o]1]ofo]

TPIP/TPIN
or DIP/DIN

L teporFF

tirg

T -t

cD

trp

RCLK _S \

RXD

)

| rfolt]efr]of1]o]o]

Note: RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge.

Figure 19. Mode 2 RCLK/EOP Timing
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TEN
] tencH E toHEL
TCLK

- OO

Figure 20. Mode 2 Transmit Timing

Cl
teoln tcoLoFr
COoL

Figure 21. Mode 2 Collision Detect Timing

{«

P
TEN \ - »l
t Carrier Detect Blocked '

sqep
coL )““ isoep j

Figure 22. Mode 2 COL/CI Output Timing

LBK .z
L' tiHEH tkHEL

TEN

o
€D \ f

Figure 23. Mode 2 Loopback Timing
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MODE 1 (MD1=0, MD0=0) TIMING DIAGRAMS — FIGURES 24 - 29

|1|o|1|o|1|0|1|o|1|1|1|o|1lo|o|o|1|0|1|0

TPIP/TPIN
or DIP/DIN

tco

cD

RCLK

toara rk_ tADH
- thps
RXD \ ’ \ ’ \ ’ \ ’ \ {

[ rlofrlofafofr]ofefafr]ofr

Note: RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge.

Figure 24. Mode 3 RCLK/SOP Timing

[l o] sfofafofs]o]of

TPIP/TPIN
or DIP/DIN
_S L feoorr | YiFa
cD
tRp 27 Bits
4 JU\
RXD

4

1ol tfol1fo]a]o]o]
Note: RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge.

Figure 25. Mode 3 RCLK/EOP Timing
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TEN T T
M

TCLK

- OO0

Figure 26. Mode 3 Transmit Timing

Cl
oo tcoLorr
CcoL

Figure 27. Mode 3 Collision Detect Timing

TEN / }t
' 1soED
coL Ye—tsaer j

Figure 28. Mode 3 COL/CI Output Timing

LBK

P tkHen tireL

TEN

: tcaEa
cD \

Figure 29. Mode 3 Loopback Timing

L1
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MODE 1 (MD1=0, MD0=0) TIMING DIAGRAMS — FIGURES 30 - 35

fifolsfolafol o]} t]oft]ololo]t]a)i]|o
TPIP/TPIN
or DIPDIN |
tco
cD
RCLK
toara r -—
Frlolafolslolsfols]t]r]o]s
Note: RXD changes at the falling edge of RCLK, The controller is sampled at the rising edge.
Figure 30. Mode 4 RCLK/SOP Timing
[ 1hol1fof1]of1]o]o]
TPIP/TPIN
or DIP/DIN
_S L tcooFr Yea
CcD
tap
RCLK
§
RXD
§ L
Pilolsfelslolr]o]o]
Note: RXD changes at the falling edge of RCLK. The controlier is sampled at the rising edge.
Figure 31. Mode 4 RCLK/EOP Timing
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TEN
ﬁ teHcH & teHEL
TCLK

toscH

o —( X X OO

Figure 32. Mode 4 Transmit Timing

[+]
‘o tcoLorF
coL

Figure 33. Mode 4 Collision Detect Timing

TEN ’
L’ tsoeD

coL

tsoEp —

Figure 34. Mode 4 COL/CI Output Timing
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N

TEN

tcagn
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Figure 35. Mode 4 Loopback Timing
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44-pin plastic QFJ (PLCC)

ORDERING INFORMATION: MB86961PD-G

(8
FUJITSU

44-pin plastic QFJ (PLCC)
(Case No.: LCC-44P-M0O2)

________________

16.03+0.51
{631=.020)

) 17.53+0.13 SQ ) 4.30%5
‘ (.690+.005) o (169 1%
- 16.59t008 SQ 27088
(.653+.003) (106 °%8)
® O ® 0.51(.020)MIN
HonnnRoanas | =" -
@ P hG (Eo.1000%)
1l
h
INDEX. ] 0.43(017)
? _ 1 TP 46.03:051
0 (-631£.020)
il
g
b
® O 3@ )
[ —_—

_________________

©1997 FUJITSU LIMITED C44052S-2C-4

12, 70(.500)REF

1.27+0.13
{050%.005)

{9 LEAD No.

Dimension in mm (inches)
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ORDERING INFORMATION: MB86961PF-G

48-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-48P-M02) . .106(2.70)MAX
B77t.0165q {(MOUNTING HEIGHT)
(17.2040.40) " 002(0.05)MIN
(STAND OFF HEIGHT)
e a D
S :
L
e e 472 308 o 5351.016
R e {13.6010.40)
L .. (12,0 *0:30
== INDEX o (120 519 345(5.80)
J U PR
: n AL
RN TR
D TEE RO 2 ‘
LEAD No. ®.__ _
.0315(0.80) | | || otztoo2 S +,002 +0.05
Tvp "(0.30£0.06) 97.0060.16)®@ 006 “5004 (01575 57)
S vl')ét'éils of “A” part ' Details of “B” part
O . Y 024(0.60)  \:
T S T s
N =) l _ 0 10 16°
I L . | -003%-(15) 071£.012
— ~..006(0.15) ‘ 020(0.50) » (1.800.30)
: T MAX Dimensions in
©1992 FUJITSU LIMITED F48002S-9C R - inches (millimeters)
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