? = 5= IBM215862 IBM21S860
=== = IBM21S861
Preliminary IBM 1394a 400Mb/s Physical Layer Transceiver (PHY)
Features

» Complies with IEEE-1394-1995 [1] and the
P1394a Supplement, version 2.0 [2].
* 400Mb/s max data rate; interoperable with 100
& 200Mb/s devices
+ Available with one, two, or three ports
« Fully compliant with OpenHCI requirements
- Programmable Port Disable
- No phy_ID wrap past 63
« Selectable Link-PHY interface timings
» Advanced power management:
- Programmable power save mode on uncon-
nected ports
- Sleep mode to minimize quiescent power
- Sophisticated clock gating to reduce power

 Tolerant of extra IDLE indications which circum-
vents Link-PHY “bus collision” conditions

» On-device PLL generates the 50MHz SCLK
using an external crystal or crystal oscillator

» Supports optional 1394-1995 Isolation Barrier
feature at Link-PHY Intetface

» Supports optional IBM Dynamic Termination
Isolation Barrier feature at Link-PHY Interface

« Interoperable with 5V Link Layer Controllers and
5V Transceivers

« Cable ports exceed 5kV of ESD protection
(Human Body Model)

« Packet Separation Control for compatibility with
some vendors’ legacy hardware

consumption « Fully integrated loop filter
+ Single 3.3V power supply « Easily configured as a repeater
Overview

The IBM21S860, IBM21S861, and IBM2135862
devices (PHYs) provide transceivers to implement a
three, two, or one port node in a 1394 cable based
network. The PHY complies with IEEE-1394-1995
[1] and the P1394a Supplement, version 2.0 [2].
These enhancements include Arbitrated Short Reset
(for uninterrupted Isochronous data transport), multi-
speed concatenation, accelerated arbitration tech-
niques (to improve bandwidth utilization), Connec-
tion Debounce Hysteresis (to avoid “Reset Storms”),
three independent TpBias regulators (providing the
ability to disable individual ports), and numerous
other features.

Each cable port is composed of two differential line
transceivers (TPA and TPB) that transmit and
receive setrial data at 100, 200, or 400Mb/s (actually
98.304, 196.608, and 393.216Mb/s, respectively),
depending on which data speed is routed through
the bus. Each transceiver contains a differential cur-
rent mode driver whose outputs provide signal
swings around a common mode voltage called
TpBias, which is generated on the PHY device. Two
off-device 55 ohm resistors are connected in series
across the differential outputs of each transceiver.
TpBias voltage is connected to the midpoint connec-
tion of the resistors at TPA, while a 5Kohm resistor
and a 250pF capacitor to ground are attached to the
midpoint connection of the resistors at TPB. The
TpBias voltage for the TPB line is supplied by the
TPA of the PHY at the other end of the cable.

In addition to providing bus transceivers, the PHY
serializes and deserializes data using Data and
Strobe encoding. Data is sent from the Link Layer
Controller to the PHY via a parallel interface. The
parallel interface bus is up to 8 bits wide depending
on the speed of the data (2 bits at 100Mb/s, 4 bits at
200Mb/s, and 8 bits at 400Mb/s). The two devices
are synchronized by a 49.152MHz reference clock
provided by the PHY. The data is then serialized and
transmitted to the cable as Strobe on TPA and Data
on TPB. Received data is resynchronized to the ref-
erence clock and decoded for parallel transmission
to the Link Layer Controller.

PHY devices communicate their speed capabilities
to one another through a process called Speed Sig-
haling, in which common mode currents are with-
drawn from the cable at TPB and TPB. Three such
common mode cutrents exist for this PHY: one for
each of the supported transfer speeds. The nominal
common mode cutrents are defined for 100Mb/s,

a\ Y

200Mb/s, and 400Mb/s as OmA, -3.5mA, and -10mA =

respectively. The PHY is capable of 100, 200,0k, .~

400Mbits/sec operation, and will send or recgive’
data at any of these speeds according to th@@apa-

bilities of the adjacent PHYs. p /(\ J

Other functions of the PHY include- sy@tem initializa-
tion and bus arbitration. The PHY also can deter-
mine whether or not a cable |s attached to another
PHY (con_status) as well.ag Whether or not it is
attached to an active Pt oreovet, it functions as
a repeater to pass data\along the bus.
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IBM21S862 IBM21S860
IBM21S861
Preliminary IBM 1394a 400Mb/s Physical Layer Transceiver (PHY)

Ordering Information

Product Number Number of Ports

Maximum Data Rate Power Supply

400Mb/s

400Mb/s

400Mb/s

Data
Synchronization
TPA1
LREQ TPA1
Cable Port 1 TPB1
SCLK
TPB1
CTL_O, 1 TPBIAST
DATA[0:7]
TPA2
LPS Link Interface : TPAS
SCLK_TSEL y CablePort2 TPB2
TPB2
RCV_TSEL
TPBIAS2
DIRECT
LINK_ON TPA3
Arbitration TPA3
DTE and
Control State Cable Port 3 TPB3
Machine Logic TPE3
TPBIAS3
PDISABLE
CPS
Link Registers
CMC 0SC_IN
PLL and CLK
PS_1,2,3 DIST X1
OSCSEL
PWRDOWN
CNA
PD
Voltage and RO
Current
RESET REF CKTS R1
TEST_O, 1,
TESTMODE, DI2
Note: ~ represents an active low input or inverted output
phy400a.00 ©IBM Corporation 1997, 1998. All rights reserved.
11/24/98 Use is further subject to the provisions at the end of this document.
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IBM21S860 IBM21S862
IBM21S861
IBM 1394a 400Mb/s Physical Layer Transceiver (PHY) Preliminary

Circuit Description

Phase Locked Loop

The system reference clocks are generated by a frequency synthesizing Phase Locked Loop. The PLL gen-
erates a 49.152MHz system clock (SCLK) based on either an internal oscillator (with an external 24.576MHz
crystal) or an external 24.576MHz crystal oscillator. The system clock is shipped to the Link Layer Controller
to synchronize data transfer. The PLL also generates 98.304MHz, 196.608MHz, and 393.216MHz clocks for
data encode/decode. All of the PLL loop filter components have been integrated onto the device, therefore no
external components are needed for the loop filter.

Bandgap Reference Generator

The band gap reference generator provides a precision voltage supply from which several voltage and cur-
rent sources required by the PHY are derived. One of the most important of these is the 4mA current source
which is used in the current mode serial bus driver to maintain constant current.

TpBias Circuits

TpBias is a constant voltage source that maintains the common mode voltage of the TPA cable twisted pair at
1.84V nominal for each port. These PHYs contain one independent TpBias circuit per port. Each TpBias cir-
cuit can be disabled via software, thereby implementing the port disable feature required by OpenHCI. To
meet the speed sighaling requirements, each port must be used in conjunction with a 0.3uF minimum
ceramic capacitor. The capacitor physical size is recommended to be the 0805 or 1206 form factor to reduce
the parasitic inductance associated with the capacitor. The PHY registers enable software to disable any of
the TpBias generators. In addition, the PDISABLE module pin allows the user to control the power-on-reset
value for this port disable.

Analog Transceivers

There are two 4mA differential current mode setial bus drivers per potrt. They are designed to operate with
external 110 ohm line matching resistor networks located at each end of the twisted pair cable. Each driver
can be placed in a Hi-Z state in which the drive current is shut off. The receivers are connected to the drivers
in a Bi-Di configuration, and capture differential data and strobe signals at each port.

The arbitration comparators are connected across the driver outputs, similar to the receivers. They detect log-
ical DC levels used during bus arbitration. Two comparators are required per driver output, one to detect a
logical “1” and one for a logical “0”. A logical “Z” state is also used in arbitration. It is considered to be the mid-
point logical state in which both comparators are inactive.

The speed signaling comparator senses the common mode voltage at driver TPA and compares it with the
TpBias reference, in order to detect whether any common mode controlled cutrent signaling has been sent
from the other end of the cable. The current pulses are used to signal the speed capability of the port at the
other end.

The port status comparator senses the common mode voltage at driver TPB and compares it with a reference
voltage, in order to detect whether TpBias voltage is being supplied by the port at the other end. It is used to
determine whether or not the port is connected.

©IBM Corporation 1997, 1998. All rights reserved. phy400a.00
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IBM21S862 IBM21S860
IBM21S861
Preliminary IBM 1394a 400Mb/s Physical Layer Transceiver (PHY)

Absolute Maximum Ratings

Parameter

upply voltage range -0.3t0 5.1

:Logic input voltage range -0.5105.5

: Logic output voltage range -0.5105.5

i Test I/O voltage range -0.5103.6

EOperating Temperature Oto 70

Storage Temperature -65 to +150

phy400a.00 ©IBM Corporation 1997, 1998. All rights reserved.
11/24/98 Use is further subject to the provisions at the end of this document.
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IBM21S860 IBM21S862
IBM21S861
IBM 1394a 400Mb/s Physical Layer Transceiver (PHY) Preliminary

Operating Conditions and Electrical Characteristics

The current polarity convention used in these tables is that current inio a transceiver input is considered positive, while a current out of a
transceiver output is considered positive.

Parameter

ViH ingh Level Input Voltage fCMOS inputs 0.8 Vpp \
ViL :Low Level Input Voltage :CMOS inputs 0.2 Vpp \
Vip ;Differential Input Voltage ;Cable inputs >90 265 mv
; \TPB, TPB 1185 | L 2515 .y
Vic :Common Mode input Voltage R R B
: TPA, TPA : 1.665 2.015 "
: {LREQ, CTL, DATA Vpp/2 +0.3 Vpp/2 + 0.8 \Y
: Positive input threshold Voltage, V|1 + e A
Vir+ {(Hysteresis) LPS133175 AAAAAAAAAAAAAAAAAAA Vi
: {RESET 1.35 1.8 \Y
; {LREQ, CTL, DATA Vpp/2 -0.8 Vpp/2-0.3 \Y
Negative input threshold Voltage, V|t - """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
Vir  (Hysteresis) LPS AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA L AT R A 142 i Vo
: {RESET 0.8 1.24 \
VLRer :LPS Reference Voltage (Isolation) :LPS 0.8 \"
| DynamicTermination Latch input Current | o)t oAt o4 4o
m @V, =066V LREQ, CTL, DATA 0.1 12 mA
: EDynamic Termination Latch input Current } ]

m @ V= 2.64V §LREQ, CTL, DATA E 1.2 E 0.1 i mA
Vob Differential output voltage fCabIe output 172 220 265 mv
Vo Common mode output voltage :TPBIAS 1.665 1.85 2,015 \

:$100 common mode output current = »

5100 (2ignaling off P TPB, TPB -0.81 0.44 mA
" 5200 common mode output current 1 B T
IsP200  (2ignaling on) P TPB, TPB -4.84 35 253 mA
lspa0o (S,S‘I‘gr?aﬁ%"g:’)” mode output current \TPB,TPB . 4240 1000 0 810 . mA
"""" lo. Ouputcurent@04y iSCLK . -9 . mA

lon ;Output current @ 2.6V ;SCLK 9 mA |

{ oL Output current @ 0.4V {CTL, DATA : -9 : ’ S mA

loy Output current @ 2.6V {CTL, DATA ; | : 9 mA
; 5TPBIAS1, TPBIAS2, ‘

lo EOutput current IO ‘TPBIAS3 -2.0 10.0 mA
 Free Air Temperature 0 70 °c i

Power dissipation (3 port PHY) ' ' 0.6 ' w
:Power dissipation (2 port PHY) 0.5 w ‘

;Power dissipation (1 port PHY) 0.45 w

: | EThe parameter is supply current during . : : 30 ' mA

DD-PD i Power-down, or suspended mode. :

©IBM Corporation 1997, 1998. All rights reserved. phy400a.00
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Preliminary

IBM21S862 IBM21S860
IBM21S861
IBM 1394a 400Mb/s Physical Layer Transceiver (PHY)

Data Signal Characteristics

T :Output fall time

‘Input slope

:Transmiﬂer skew

Transmitter jitter

ESkew at receive pins

EJiﬂer at receiving pins

Parameter

Receiving 200Mb/s

Receiving 400Mb/s

Receiving 200Mb/s

Receiving 400Mb/s

phy400a.00
11/24/98
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IBM21S860  IBM215862 SE=555
IBM21S861
IBM 1394a 400Mb/s Physical Layer Transceiver (PHY) Preliminary

1/0 Pin Function (Part1 of 3)

Pin Name Function

Port 1, Twisted pair A, positive signal Differential

TPA1 :Port 1, Twisted pair A, negative signal : Differential :
TPB1 {Port 1, Twisted pair B, positive signal Differential
TPB1 Port 1, Twisted pair B, negative signal 4 : Differential le} '
§Bias voltage/current supply for port 1 as defined in the : ‘
TPBIAST ' p1394a draft v2.0 2] 5 . Supply Output

{Analog circuit power (3.3V nom). These pins are separated
{from other power pins internal to the device to provide noise | { :
AVpp {isolation. Decoupling capacitor networks are recommended | 6,24,26,79 : Supply | -
iat each pin. All the power supply pins should be tied 1ogether { :
{at a low impedance point on the circuit board.

TPA2 §Por1 2, Twisted pair A, positive signal 7 . Differential :
TPA2 {Port 2, Twisted pair A, negative signal 8 . Differential | '
TPB2 {Port 2, Twisted pair B, positive signal 9 : Differential '
TPB2 :Port 2, Twisted pair B, negative signal . 10 i Differential :
TPBIAS2  :Bias voltage/current supply for port 2 as defined in [2] 11 Supply '
iDigitaI circuit ground. These pins are separated from other ;g ;g ;g ;g
GND :ground pins internal to the device to provide noise isolation. : 30’ 31’ 43’ 48! Suppl
{All ground pins should be tied together at a low impedance | 49 50 61 72 PPl
ipoint on the circuit board. i ’73 %4 éO i
TPA3 {Port 3, Twisted pair A, positive signal 16 : Differential :’ : :
TPA3 Port 3, Twisted pair A, negative signal : 17 | Differential :
TPB3 :Port 3, Twisted pair B, positive signal i Differential :

Port 3, Twisted pair B, negative signal

TPBIAS3 Bias voltage/current supply for port 3 as defined in [2]
R1, RO {3.01Kohm (+0.5%) external current setting resistor terminals | . '
PWRDOWN fForces the PHY to immediately go to sleep . :

i Digital circuit power (3.3V nom). These pins are separated |
ifrom other power pins internal to the device to provide noise : :
Vpp {isolation. Decoupling capacitor networks are recommended | 32,47,57,71 i Supply ! -
iat each pin. All the power supply pins should be tied together : | :
iat a low impedance point on the circuit board. :

{PLL analog circuit power (3.3V nom). These pins are sepa-
irated from other power pins internal to the device to provide H :

PVpp inoise isolation. Decoupling capacitor networks are recom- | 33 i Supply -
imended at each pin. All the power supply pins should be tied : : :
itogether at a low impedance point on the circuit board. i

{Controls whether the PHY sends SCLK during POR. 1 =no |
{SCLK during POR (P1394a behavior), 0 = SCLK outputted in :
{POR. This pin contains an internal pull-up resistor to pull up a |
:floating node to P1394a compliant behavior. {

1. These ports exist on the two and three-port PHY's only. These pins are NC on the one-port PHY.
2. These ports exist on the three-port PHY only. These pins are NC on the one and two-port PHY.
3. See Operating Conditions and Electrical Characteristics on page 6 for electrical characteristics.

©IBM Corporation 1997, 1998. All rights reserved. phy400a.00
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IBM21S862 IBM21S860
IBM21S861
Preliminary IBM 1394a 400Mb/s Physical Layer Transceiver (PHY)

I/0 Pin Function (Part2 of 3)

: Pin Name Function Pin Number | Pin Type 1/O Type

Cable not active. 1 = the PHY is not detecting incoming bias
n any of its ports. This pin is not debounced.

Second crystal input when operating with an external crystal.

elects whether the PHY is operating in crystal mode or oscil-

:lator mode. 0 = external crystal oscillator is attached to mod- :
OSCSEL  :ule pin 38 (OSC_IN). 1 = external crystal is attached between ;
imodule pins 38 (OSC_IN) and 36 (X1). See External Compo-;
inent Connections on page 42. :

iInput for either a crystal or crystal oscillator @ 24.576MHz

{(£100 ppm), 3.3V. External oscillator provides stable refer-
OSC_IN :ence frequency without sensitivity to board parasitics, and
iwithout the need for tank circuit components. This pin pro-
ivides the X0 input when using only a crystal.

Driver Inhibit 2 test pin only. 1 = normal operation.

ynamic termination enable pin. Used for Link-PHY interface

DTE solation in instances where the Link uses bus holder circuitry. :
= enable.
:A BMHz signal is transmitted from this pin when required by
LINK ON [2]. Link_on must be connected to a resistor (3.3K ohm rec-

;ommended) to ground or floated if it is not utilized. See Link-
On Packet Format on page 33.

i Through the LREQ pin, the PHY receives serial commands

LREQ ifrom the Link. These commands include register reads,
iwrites, arbitration commands, and access to the serial bus.
CTL_1,0 Link interface bidirectional control pins.
DATA[0:7] :Link interface bidirectional data pins.
‘ SCLK 9.152MHz system clock to Link controller.

: Controls whether the ports are disconnected or disabled after :
PDISABLE :a power-on-reset. 0 = the port is in the disconnected state
:after a POR as defined in [2]. 1 = the port is in the disabled
i state after a POR.

Bus Configuration Manager Contender. “1” causes the PHY
ito indicate in the self-ID packet that the node is capable of
eing the Bus Manager.

ink power status as defined in [2].

Power Status pins. These inputs are used to set the three
:POWER_CLASS bits in the self-ID packet. They describe the ;
PS_1,2,3 ipower consumption and source characteristics of the node, i 65, 66, 67
:and are programmed by tying the pins high or low. PS_1,2, & |
:3 are reflected in the self_id bits 21, 22, & 23, respectively.

:Indicates presence of an Isolation Barrier using differentiated
isignals between the Link & PHY. !
:0 (GND) = direct coupling

i1 (Vpp) = isolation with differentiated signals

TEST_MODE :Reserved for test. For normal operation, connect to ‘0’ (GND).

1. These ports exist on the two and three-port PHY's only. These pins are NC on the one-port PHY.
2. These ports exist on the three-port PHY only. These pins are NC on the one and two-port PHY.
3. See Operating Conditions and Electrical Characteristics on page 6 for electrical characteristics.

phy400a.00 ©IBM Corporation 1997, 1998. All rights reserved.
11/24/98 Use is further subject to the provisions at the end of this document.
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IBM21S860 IBM21S862
IBM21S861
IBM 1394a 400Mb/s Physical Layer Transceiver (PHY) Preliminary

I/0 Pin Function (Part3of 3)

Pin Number Pin Type

Pin Name Function

Select SCLK setting. 0 = default (P1394a) SCLK timing. H
¢ SCLK_TSEL i1 =alternate timings. See Link-PHY Interface Timing on page ' 75 { CMOS Input
: i15. ;

§Selec1 receive timing. This pin enables the selection of alter- | ; '
{nate timings between data received from the Link andthe

RCV_TSEL isystem clock. O = default (P1394a) timing. 1 = alternate tim- 8 CMOS : Input
iings. See Link-PHY Interface Timing on page 15.

iReset (active low). The reset pin requires a 220 ohm resistor : : :
RESET ito VDD and a 2.2uF capacitor to allow time for voltage 77 { Custom Input : 3
{buildup at power-on. 1 = normal operation of the PHY. | ; : :

§Cable power status. This pin is connected to the cable power | { :
CPS ithrough a 400Kohm resistor. When cable power is consid- | 78 { Analog Input
ered lost when the cable voltage drops below 7.5V. |

1. These ports exist on the two and three-port PHY's only. These pins are NC on the one-port PHY.
2. These ports exist on the three-port PHY only. These pins are NC on the one and two-port PHY.
3. See Operating Conditions and Electrical Characteristics on page 6 for electrical characteristics.

phy400a.00
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IBM21S862 IBM21S860
IBM21S861
Preliminary IBM 1394a 400Mb/s Physical Layer Transceiver (PHY)

Module Pin Differences between IBM21S850 Series and IBM21S860 Series PHYs

IBM21S850, 851 : IBM21S860, 861, 862

roduct recommends 1.0uF capacitors connected to Recommend 0.33pF capacitor connected to TpBias1, TpBias2, and
iTpBias1, TpBias2, and TpBias3. TpBias3.

: Value changed to 3.01Kohm * 0.5% precision resistor between pins 21 &

Pin 25 = PWRDOWN. This pin may be left tied to ground or controlled by |
the application. :

:Pin 34 = CONSCLK. Pin tied to GND will cause SCLK pin 60 to function
isimilarly to the IBM21S850 by supplying SCLK during power-on-reset.

Pin 35 = CNA output
iPin 36 = X1

Oscillator mode:

5 :When repopulating an IBM21S850 with an IBM21S860 operating with a :
30.1}1F capacitor between pins 35 & 36, ;crystall oscillator, pin 35 may be floated or used by the application. Pin 36
: :may either be grounded or floated.

Crystal Mode:

{When repopulating an IBM21S850 with an IBM21S860 operating with a :
icrystal, X1 is tied to the crystal and its required load capacitor. CNA can be |
ifloated or used by the application. :

Pin 37 = OSCSEL. VDD = crystal mode, GND = oscillator mode.

iPin 37 = PGND

Pin 38 = OSC_IN/X0. Connected to either the output of the crystal oscilla-
tor or the X0 of the crystal and its required load capacitor. :

Pin 63 = PDISABLE.

:CPS pin 78 recommends a diode to VDD along with a CPS pin 78 recommends a 390Kohm series resistor to sense when the
iseries 400Kohm resistor to sense cable power. : cable power drops below 7.5V. The diode is not needed.

phy400a.00 ©IBM Corporation 1997, 1998. All rights reserved.
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IBM21S860 IBM21S862
IBM21S861
IBM 1394a 400Mb/s Physical Layer Transceiver (PHY) Preliminary

Establishing the Link-PHY Interface

Overview

The Link-PHY interface is a scalable, cost effective method for connecting one 1394 Link device to one 1394
PHY device. The characteristics of this interface are described in the diagram below and in the Link-PHY
Interface Pin Description on page 12. The PHY device has control of the bidirectional pins. The Link only
drives these pins when control is transferred to it by the PHY.

Data is transmitted between the two devices on the data bus. The data bus between the PHY and the Link
device is clocked at the same rate for all supported speeds; howevet, the data rate is increased by widening
the bus. The PHY uses two bits for 100Mb/s transfers, four bits for 200Mby/s, and eight bits for 400Mb/s. The
control bus carries control information and is always two bits wide. The LREQ pin is used by the Link to
request access to the serial bus and to read or write PHY registers. The DIRECT pin is used to disable the
digital differentiator on the DATA and CTL pins, indicating that the two devices are connected directly, rather
than through an isolation barrier requiring differentiating signals.

Specific guidelines for routing particular signals are given in Board Layout Recommendations on page 44.

Link-PHY Interface Pin Description

,,,,,,,,,,,,,,,, Pin Driven By Description
DATA(07) Link & PHY (tri-state) ‘Data
ECTL(O:1) ELink & PHY (iri-state) %Control

ELINK_ON %PHY :Drives 6MHz signal to wake up Link when Link Power On packet is

irecelved and LPS =0
iLPS Link
DIRECT neither :

Link-PHY Electrical Isolation

The need to isolate the Link from the PHY electrically may arise when a difference in potential exists between
their respective grounds (GND; and GNDp). Each application should be assessed to determine whether the
possibility exists that another device with a different ground potential could be attached to itself via a 1394
cable. If so, then isolation should be considered.

The PHY supports three types of connections between the Link and PHY: Direct, 1394-1995 Isolation, and
IBM’s Dynamic Termination for isolation between IBM’s PHY and Links which support single capacitor isola-
tion.

If isolation is required between the Link and PHY, the ground planes must be connected to each other by at
least one trio of 0.001uF, 0.01uF, and 0.1uF coupling capacitors to provide an AC return path. The trio should
be repeated as often as is feasible, equally distributed along the mutual borders of the ground planes, in
close proximity to the PHY/Link intetface signal traces.

©IBM Corporation 1997, 1998. All rights reserved. phy400a.00
Use is further subject to the provisions at the end of this document. 11/24/98
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IBM21S862 IBM21S860
IBM21S861
Preliminary IBM 1394a 400Mb/s Physical Layer Transceiver (PHY)

Direct Connection Between Link and PHY
1. Link must be set in Direct mode.
DIRECT and DTE must be tied to ground.

LPS may be tied directly to the Link’s Vp if the Link does not support LPS.

If Link_on cannot be connected to the Link or Link suppott circuitry, it must be floated. This pin cannot be
connected directly to ground.

The PHY supports communication with 3V or 5V Links.

W N

o

Direct Connection Diagram

LINK PHY
CTL(0) CTL(0)
CTL(1) CTL(1)
DATA(0:7) DATA(0:7)
Sclk Sclk
Link_on Link_on
LPS LPS
LREQ LREQ
Link in direct mode BEFFEESEITJSND
phy400a.00 ©IBM Corporation 1997, 1998. All rights reserved.
11/24/98 Use is further subject to the provisions at the end of this document.
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IBM21S860 IBM21S862
IBM21S861
IBM 1394a 400Mb/s Physical Layer Transceiver (PHY) Preliminary

Capacitive Isolation with Differentiated Signals

The IBM PHY supports the Isolation barrier examples supplied in section 5.9.4 of [2]. This method requires
that the DIRECT is tied to Vpp and DTE module pins are tied to GND.

Isolation Using IBM’s Dynamic Termination

The Link and the PHY can be isolated using IBM’s Dynamic Termination circuitty, provided that the power
supply voltages of each are at the same nominal value. Isolation is achieved by using a 1.0nF capacitor, the
PHY Dynamic Termination, and a Link bus latch, as shown below. For correct operation with isolation, please
refer to the Dynamic Termination diagrams below.

The Link bus latch, which may be either built into the Link or external to it, holds received signals from the
PHY at either an UP level or a DOWN level after they pass through the capacitor. Similarly, data pulses trans-
mitted from the Link are held at their UP or DOWN levels by the Dynamic Termination of the PHY, which is
enabled by tying the DTE pin high and the DIRECT pin low.

The PHY Dynamic Termination pins are automatically initialized at a DOWN level at power-on-reset. To
assure proper data transmission, the Link must also be initialized at a DOWN level at power-on-reset.

Timing is not affected by the Dynamic Termination, so the timing values given in Link-PHY Interface Timing
on page 15 are valid.

Dynamic Termination for DATA, CTL, SCLK, and LREQ Pins

Link PHY
Bus Holder Dyngmip

Termination

Bl || ] !

| ] || Ll
C1=1.0nF
VppL = 3.3V Vppp = 3.3V
Dynamic Termination for LPS Pins
%
Link DoP PHY

Dynamic
5K Termination

Bus Holder

e

2
A—ANA

E‘i

VppL = 3.3V Vppp = 3.3V
GNDp
©IBM Corporation 1997, 1998. All rights reserved. phy400a.00
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Link-PHY Interface Timing

The IBM PHY features selectable SCLK timing that can be tailored to the needs of the Link device. The SCLK
timing is controlled by the SCLK_TSEL pin. When tied low, the SCLK has normal mode timing, and when tied
high, the SCLK has early mode timing. In addition, the timing of data received from the Link can be adjusted
using the RCV_TSEL pin.

Link-PHY Interface Timing Relationships

PHY-to-Link DATA & CTL Timing Link-to-PHY LREQ, DATA, & CTL Timing
SCLK —\ i SCLK L i
.
Ty fe—2 . Tsu - T
= -
DATA/CTL . LREQ/DATA/CTL .
(driven by PHY) Valid (received at PHY) Valid

:Time DATA/CTL valid before rising SCLK edge (PHY sending)
ime DATA/CTL valid after rising SCLK edge (PHY sending)

etup time LREQ, DATA, CTL before rising SCLK edge (PHY receiving)

old time LREQ, DATA, CTL after rising SCLK edge (PHY receiving)

:Time DATA/CTL valid before rising SCLK edge (PHY sending)

‘Time DATA/CTL valid after rising SCLK edge (PHY sending) 9.0 ns

etup time LREQ, DATA, CTL before rising SCLK edge (PHY receiving) : -1.0 : ns

old time LREQ, DATA, CTL after rising SCLK edge (PHY receiving) : 8.0 : ns

: Timing calculated with C| =10 pF
EModuIe pin settings: SCLK_TSEL = ‘Vpp', RCV_TSEL = ‘GND".

phy400a.00 ©IBM Corporation 1997, 1998. All rights reserved.
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RCV Delayed Timing

Parameter

%Timing calculated with C, = 10 pF
{Module pin settings: SCLK_TSEL = ‘GND’, RCV_TSEL = ‘Vpp'.

%Tlming calculated with C| = 10 pF
{Module pin settings: SCLK_TSEL = ‘Vpp', RCV_TSEL = ‘Vpp'.

©IBM Corporation 1997, 1998. All rights reserved. phy400a.00
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Link-PHY Diagnostics

The IBM21S8862, IBM21S861, and IBM218860 offer the ability to test the Link-PHY interface using available
Link-PHY protocol, a beneficial feature for hardware testing and field diaghostic software. When utilizing this
feature outside a controlled environment, all ports should be disabled via PHY register page 0 for each potrt.

The Link-PHY interface can be tested in both directions: Link-to-PHY and PHY-to-Link. The following tests
the interface from the Link to the PHY.

The Link-PHY interface self test is enabled by writing a logic ‘1’ to bit 2 of address 0b1110 while pointing to
PHY register page 7 (Vendor Specific Area).

At this point, the link issues either a fair, priority, or isochronous bus request via the LREQ to transmit a
400Mb/s packet. When the PHY grants the bus to the Link, the Link must respond by sending a packet of any
length (IEEE-1394 packet length rules do not apply) to the PHY. The data must be in groups of two bytes in
which the second byte is the logical inverse of the previous byte. For example, the 400Mb/s packet may be as
follows:

400Mb/s Diagnostic Packet Example

Sclk
Data(0:7) X OxAA ><Ox55 >< 0xFO >< OXOF >< 0X3C >< 0XC3 >< 0Xo1 >< OXFE >

The Link may use normal protocol (i.e. issue a “Hold” prior to Transmit). The data integrity is confirmed by the
PHY inverse checking of the packet. The PHY indicates an inverse error by setting the Link-PHY Error Ever
Happened bit (L/P Self-test EEH) contained within the vendor specific area of the PHY registers.

To confirm data transmission from the PHY to the Link, the Link needs to set the Send Phy/Link Diag Pkt bit
in PHY register OxF of Phy register page 7. The PHY responds by sending its self_ID packet to the Link as a
400Mb/s packet, at which time the Link and/or software may check that the last 32 bits are the inverse of the
first 32 bits. The Phy/Link Diag Pkt bit is cleared after the transmission of the 400Mb/s self_ID packet.

phy400a.00 ©IBM Corporation 1997, 1998. All rights reserved.
11/24/98 Use is further subject to the provisions at the end of this document.
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Configuring Hardware Alternatives

Holding the PHY in Power-On-Reset

While in Power-On-Reset (POR), the PHY does not create TpBias and therefore will hot be detected by PHYs
designed to the IEEE 1394-1995 specification [1] (Legacy PHYS). In addition, the PHY will not disrupt a
1394a network. When it completes POR, the PHY creates TpBias on all its connected ports. The module pin
PDISABLE enables the POR value of the ports such that the ports do not assert TpBias until enabled via the
PHY registers. See the Disabled bit in PHY Register Page 0, Port Status Page Fields on page 23.

When the PHY is initially powered on, the PHY is held in reset via an RC circuit created with a 2.2uF capaci-
tor as shown in External Component Connections on page 42.

Setting Module Pins to Configure PHY as a Repeater

PHY Hardware Simulation Mode

The IBM PHY offers the unique ability to operate in an environment that is at a very slow speed. This feature
enables the IBM PHY to be connected directly to hardware emulators (i.e. emulating a Link), while supporting
IEEE-1394 communication over the standard IEEE 1394 cable to other IBM PHYs running in the same mode.
The PHY will initialize the bus and operate as it would normally, except much more slowly.

The procedure to slow down the PHY for simulation purposes is as follows.

1. The PHY must be wired to use a crystal oscillator as defined by this specification. The following changes
must be made:
» Module pin TEST_0 must be tied to Vpp.
» The TpBias capacitor must be changed according to the following equation:
C - 0.0248Amps x 48cycles x Toscin
0.05v
where Toscin = 1/(osc_in input frequency)
» Osc_in is applied a frequency that should not exceed 50MHz.

2. All the PHYs on the “slow down” network must have their oscillators set within 100 PPM to function prop-
erly. You must comply with all 1394 rules (e.g. max. packet length at a given speed). For example, if you
request the bus for a 400Mby/s, your packet length must not exceed 4K bytes even though you slowed
down the frequency.

©IBM Corporation 1997, 1998. All rights reserved. phy400a.00
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Frequency Translation for Hardware Simulation Mode

Signal Name Signal Rate

If you apply a 25MHz signal to osc_in, your sclk will be 3.13MHz (Osc_in/8) rather than the 50MHz if you
were in normal mode. If you send the PHY a 400Mb/s link request, the PHY will transmit 400Mb/s speed sig-
naling but the actual rate will be your osc_in (25Mb/s in this example).

phy400a.00 ©IBM Corporation 1997, 1998. All rights reserved.
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Programming the PHY

Register Mapping

Registers 1000, to 1111, are an indexed register window whose contents change based upon the
Page_Select and Port_Select fields in Register 7. Register Pages 0, 1, and 7 are defined and shown on
pages 22, 24, and 25, respectively.

PHY Register Map

Physical_ID

0001, IBR Gap_Count
0010, Extended Reserved : Total_ports
0011, Max_speed Reserved

E Link Active E Contender E Jitter Pwr_class

i Resume_int : ISBR Loop Pwr_fail Timeout | Port_Event Enab_accel !

Reserved

Page_select Port_Select

Root hold-off bit. A one instructs the PHY to attempt to become the root during the
next tree identify process. Cleared on POR.

: : Initiate bus reset. A one instructs the PHY to initiate a bus reset immediately (without
i IBR 1 rw arbitration). This bit causes assertion of the reset state for 166ps and is self-clearing.
; ; Cleared on POR.

Arbitration timer setting. Used to optimize gap times of the Subaction Gap and Arbi-
tration Reset Gap, and Arbitration Response Time threshold values, based on the

Gap_count 6 w size of the network. This field is initially reset to a value of 111111,. See clauses
4.3.6 and 8.4.6.2 of the IEEE 1394-1995 Standard [1].
Extended 3 r 'rl;]rg: field has a constant value of 1115, which indicates the extended PHY register
©IBM Corporation 1997, 1998. All rights reserved. phy400a.00
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PHY Register Fields (Part 2 of 3)

This returns the total number of ports on this PHY. This is a constant value but it
changes depending on whether the PHY has 1, 2, or 3 ports.
0001, = IBM21S861, one port
0010, = IBM21S862, two ports
0011, = IBM21S860, three ports
Indicates the maximum speed of the PHY, a constant value of 010,.
000, = 98.304 Mb/s

: 001, = 196.608 Mb/s

: Max_speed 010, =393.216 Mb/s

: 011, - 111, = reserved
The IBM21S860, IBM21S861, and the IBM21S862 have this field set to 010 indicat-
ing the maximum speed of 393.216Mb/s.
Worst case repeater delay, expressed as 144 + (“delay” » 20) ns. This field has a con-
stant value of 0000, :
Cleared or set by software to control the value of the L bit transmitted in the node’s
self-ID packet. The transmitted L bit is the logical AND of this bit and LPS active. The
Link_Active bit is one subsequent to a power reset.
Contender. Cleared or set by software to control the value of the C bit transmitted in
the self-ID packet. After a Power reset, this bit is initialized to the value currently at
the CMC input. See section of 7.5.1 of [2].
The difference between the fastest and slowest repeater data delay, expressed as
(Jitter + 1) @ 20 ns. This bit has a constant value of 000,

: Power class. Controls the value of the Pwr field transmitted in the self-ID packet.
: Pwr_class After a Power reset, this field is initialized to the value present at the Power Status
: inputs (note that PS1 is highest order bit, and PS3 is the lowest order bit)

: Resume Interrupt enable. When set to one, the PHY sets the Port_event interrupt
i Resume_|nt whenever resume operations commence for any port (regardless of the state of the
: individual port’s Int_enable bit)

Initiate short (arbitrated) bus reset. A write of one to this bit requests the PHY to arbi- |
trate and issue a short bus reset. This bit is self-clearing. :
Loop detect. The PHY sets this bit to one if it detects that the network has been con-
figured in a loop. A write of one to this bit clears it to zero.

The PHY also initiates a status transfer of PHY interrupt when the PHY sets this bit.
Unless this bit is cleared, no future interrupts will be generated for this condition.

Cable power failure detect. Set to one when the PS changes from one to zero. A

write of one to this bit clears it to zero.

The PHY also initiates a status transfer of PHY interrupt when the PHY sets this bit.

Unless this bit is cleared, no future interrupts will be generated for this condition.

Arbitration state machine timeout. A write of one to this bit clears it to zero.

The PHY sets this bit if it imes out in any arbitration state other than Idle.

The PHY also initiates a status transfer of PHY interrupt when the PHY sets this bit.

Unless this bit is cleared, no future interrupts will be generated for this condition.
Port Event detect. Set to one when Connect, Bias, Disabled, or Fault changes for a
port whose Int_Enable is one. The PHY also sets this bit to one if resume operations
commence for any port and Resume_int is one. A write of one to this bit clears it to
zero.

Enable multi-speed packet concatenation. When set to one, the Link signals the
speed of all packets to the PHY.

phy400a.00 ©IBM Corporation 1997, 1998. All rights reserved.
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PHY Register Fields (Part 3 of 3)

Description

: Selects which of eight possible PHY register pages are accessible through the win-
. dow at PHY register addresses 1000, through 1111, inclusive.

If the page selected by Page_select presents per port information, this field selects
: : . which port's registers are accessible through the window at PHY register addresses
i 1000, through 11115, inclusive.
Port_select 4 rw - 0000, = Port 1
; : : : 0001, = Port 2

: 0010, = Port 3

1001, Negotiated_spee Int_enable Fault Reserved

Reserved

©IBM Corporation 1997, 1998. All rights reserved. phy400a.00
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Description

TPA (arbitration) line state for the port:
: : i f11=Z
i AStat P2 r 1 01=1
1 r E £ 10=0
i 00 = invalid
{ TPB (arbitration) line state on the port:
| | s 11=2
. BStat o2 b io1=1
: : ! :10=0
{ 00 = invalid
: { : ¢ If set to one, the port is a child port, otherwiss it is the parent port. The meaning of
i Child 1 r ¢ this bit is undefined from the time a bus reset is detected until the PHY transitions to
{ : { i state T1: Child Handshake during the tree identify process.

! If set to one, the port is connected, otherwise it is disconnected.

: : : When set to one, the port is disabled. The value of this bit subsequent to a power
: Disabled 1 w ! reset is dependent on the “PDisable” input pin. The recommended method of dis-
: : ! i abling a port is via a remote command packet.
Indicates the maximum speed negotiated between this PHY and its immediately
: : i connected port.
: ) { 000 = 98.304 Mb/s
Negotiated speed 3 r | 001 = 196.608 Mbrs
: : ! : 010 = 393.216 Mb/s
{ 011 - 111 = reserved

" Int enable : 1 : w i Enable port event interrupts. When set to one, the PHY shall set Port_event to one
L= : if any of Connected, Bias, Disabled, or Fault (for this port) change state.
¢ Setto one if an error is detected during a suspend or resume operation. A write of
Fault 1 w : N .
i one to this bit clears it to zero.
phy400a.00 ©IBM Corporation 1997, 1998. All rights reserved.
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PHY Register Page 1, Vendor Identification Pag

Address

1011, ¢ Vendor_ID

Description

: Standard to which this PHY is implemented. This field has a constant value of
: 00000015, meaning it is 1394a compliant.

i This is the Organizationally Unique Identifier (OUI) of the PHY. This IBM PHY
: will have a constant value of 10005A 6. Register 1010, contains the most sig-
i nificant byte, and register 1100, contains the least significant byte.

i The Product ID Register 1101, contains the most significant byte, and register
: i 1111, contains the least significant byte:

i 400Mb / 3-Port PHY: 218604

 Product ID Lo f | 400Mb/2-Port PHY: 21862;¢

: : i 400Mb/1-Port PHY: 218614

The last 4 bits of the Product_ID are the revision code.

phy400a.00
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L/P Self-test ! Initiated Last |
EEH i Bus Reset

1101, 0 ‘ CMC pin 0 0 0 Pwr pins

Disable Ignore Enable L/P 1 Disable short 1 Packet Sepa-i
110, Timeouts | rx_suspend | Self-test | Reserved i resets Reserved iration Control ;
111, SoftPOR | SendPIL Reserved'

! Diag packet

Description

i Indicates the current Arbitration State Machine phase:
: : 00 = Bus Reset

ARB Phase 2 r . 01=Tree ID
; { : 11 =Self ID

¢ 10 = Normal Arbitration.

Arb State 3 r Indicates the current Arbitration State Machine state (binary encoding of state).

LP Selftst EEH 1 : r i Link-PHY interface self test “Error Ever Happened” status indication. This bit is set
- : : i 1o 1 when an error has occurred while testing the Link-PHY interface.

nitiated Last Bus 1 i Initiated reset indication. If set, this node initiated the last bus reset, meaning it

Reset : : started sending the bus_reset signal on the serial bus before it received one.

1 r Reflects the current value of the CMC input.

3 r i Reflects the current value of the Power class inputs.
: Disables the Arb_State_Timeout, which normally occurs if the PHY remains in
Disable Timeouts 1 w i one state for longer than 333ms.
{ ¢ This bit is for lab debug purposes only. Setting this bit will result in behavior that

i does not comply with P1394a.

‘ . When set to 1, the PHY will ignore incoming Rx_Suspend or Rx_Disable_Notify
1 . indications on the serial bus.

: i This bit is for lab debug purposes only. Setting this bit will result in behavior that
: does not comply with P1394a.

Enable L-P Self Test 1 w ¢ Enables the Link/PHY Interface self test (EEH) function.
Disable Short Arb 1 w . Disables the arbitrated short reset function. When disabled, all bus resets revert
Reset i back to the longer (167ms) bus reset.
phy400a.00 ©IBM Corporation 1997, 1998. All rights reserved.
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PHY Register Page 7, Vendor Specific Area Fields (Part 2 of 2)

Description

Some 100Mb/s legacy hardware is not compatible with the minimum packet sep-
i aration allowed by the standard. To ensure compatibility with this legacy hard-
i ware, the IBM PHY generates 100Mb/s packets that comply with the standard and
w i are compatible with this hardware.
i This bitis normally set to 0. If the Link already controls the packet separation, or if
i there are no legacy devices in the network that require longer packet separation, {
i then writing a 1 to this bit disables this feature.
{ Software control of Power On Reset function that is normally initiated through the
i RESET module pin. i
i Send a PHY-Link interface diagnostic packet (SID Pkt, without inverse bits) to the
i Link at 400Mb/s. This will enable the checking of PHY-Link data lines and timing. !
i This feature is a diagnostic aid only and should not be used when the Link could
{ receive information from the serial bus. One should disable the port when using
i this feature to prevent reception of unwanted packets. The packet consists of the
i first half of the Self-ID packet. The inverse bits are not sent.

Packet Separation 1
i Control :

Multi-Speed Concatenation

The IEEE1394-1995 standard [1] requires that all concatenated packets be transmitted at the same speed. If
a node is required to transmit packets at various speeds, as in the case of isochronous data directed to differ-
ent portions of the bus, the PHY must arbitrate for each change in speed. Multi-speed concatenation enables
the node to concatenate packets at different speeds and therefore recover the lost bandwidth due to arbitra-
tion.

The PHY device concatenated packet reception follows the mechanism of Annex J of the 1394-1995 Stan-
dard [1], in which the packet speed code is expected at the beginning of each packet. Receive speed codes
are shown in the Send and Receive Speed Codes table below. For transmission at multiple speeds, the Link
needs a way to signal to the PHY what speed the next packet in the concatenated chain will be. This is
accomplished in the P1394a specification [2] by letting the Link drive the speed code for the next packet onto
the data bus at the same time that it drives the bus_hold code onto the control bus. See the following concat-
enation timing diagrams, as well as Block Diagram: Three-Port PHY on page 3, Direct Connection Diagram
on page 13, and Capacitive Isolation with Differentiated Signals on page 14. The same speed codes that are
used for receiving are to be used for sending. Note that in order to maintain compatibility with existing hard-
ware, the speed is not allowed to be downgraded to S100 from a higher speed.

The IBM PHY has a control bit called Enab_Multi in the PHY register that enables it to interpret the speed
codes as they are sent in each packet. When the control bit is set to 1, the PHY conforms to P1394a multi-
speed concatenation rules. For compatibility with earlier vintage hardware, the control bit may be set to 0,
causing the PHY to conform to 1394-1995 concatenation in which all packets are transmitted at the same
speed as the first packet.

Even if this feature is disabled, the PHY always remains compatible with multi-speed concatenation on the
serial bus. The concatenation is transparent to the Link. This enables the node to remain compatible with
other nodes that will transmit multiple speed concatenated packets.

©IBM Corporation 1997, 1998. All rights reserved. phy400a.00
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Send and Receive Speed Codes

Data Rate

g
g

Py Datlo] - — —(GXE)- ~ {EXTXENE) ~ <BX D)~ <F) — <FXP)

Note: Timing information is binary for control and hexadecimal for data.

Phy_Ct[o1] - — <00 X11X00 XZZ)- — <Z2XZZ)- — <Z2XZZXZZ)00y- — <11 X00)
(OXOXZXZ)

Phy_Data[0:7]

Link_ctijo:t]  — — <ZZXZZXZZ)X01)~ — {01X10)- — <10 X01X 00X 22)- — <zzXzzX 01y~ — < 01X10)
Link_Data[0:7] - — EE@@ - _ @@G@ - @@@ -

Phy_Ct[o1] - — <00 X11X00 XZZ)- — < Z22XZZ)- — <ZzXZZXZZ)00y- — <11X00)
Phy_Data[0:7] aaaa
Link_cto]  — — <XzZZXzZZXzz)Xo1)- —

~0iXi0)-
Link Data[0:7] - — <ZXZXZX0) — — <OXEPX 0 XZ)- — {ZXZX0)- -
Added speed indication —/

Note: Timing information is binary for control and hexadecimal for data.
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Operating the Link-PHY Interface

Control Lines

The control lines between the Link and PHY are bidirectional and are encoded as described in the following
two tables.

Ctl(0:1) When the PHY is Driving

Description

i Transmit is complete, the Link releases the bus.

Hold i The Link is holding the bus or indicating that it wishes to concatenate a packet

Data is being transferred to the Link.

Unused

Link Request

The link uses a serial data stream over the link request connection to request access to the serial bus, issue
a register read or write, or control accelerations.

Bus Request

If the Link request transfer is a bus request, it is seven bits long and is of the format shown in the table below.
The IBM PHY is also compatible with the Bus Request format as defined in the IEEE 1394-1995 standard [1].
This standard defined a bus request format to be only six bits in length by using a two-bit speed code.

Bus Request Format

Description

:Indicates the type of bus request:
:000: Immediate request.
1-3 Request Type :001: Isochronous request.
:010: Priority request.
:011: Fair request.

: Requested speed for the transmission. ‘
:000: 100Mb/s.
46 . ReaquestSpeed 514 200Mbys.

:100: 400Mby/s.

7 Stop Bit i Stop Bit. Must be 0 for a valid request.
©IBM Corporation 1997, 1998. All rights reserved. phy400a.00
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Read Request Format
"""""""" StartBt  Awaysi.
“““““““““““““ 13 RequestType 100 Indicates that s a PHY register read request.
s  Address | The address of the request PHY register.
""""""""""""" & | SlpBt  AwaysOforavaidrequest
L StartBit Awayst.
““““““““““““ 13 RequestType  101:Indicatesthatis a PHY register write request.
e  Address | ‘The address of the register fo be written. |
“““““““““““ 815 Data  Daalobewritentothe addressedregister.
““““““““““““““ 16 StpBt  AwaysOforavaldrequest

Description

Indicates that is a PHY register acceleration control request. :

000: ImmReq Take control of the bus immediately upon detecting the file; do :
not arbitrate. Used for acknowledge packets.

001: IsoReq Arbitrate for the bus after an isochronous gap. Used for isoch- :
ronous stream packet. :

010: PriReq Ignore the PHY’s fairness protocol and, unless accelerating,
arbitrate after a subaction gap. Use for cycle master or other :

1-3 Request Type packets for which the link need not wait for a fairness interval. :

011: Fair Req  Arbitrate within the current fairness interval if permitted by the :
PHY’s fairness interval. Otherwise, arbitrate after an arbitra-
tion gap.

100: RdReg Return specified register contents through status transfer.

101: WrReg Write to specified register.

110: AccCirl Disable or enable PHY arbitration accelerations.

111: Reserved for future standardization.

When 0, instructs the PHY to disable arbitration accelerations. A value of 1
requests the PHY to enable arbitration accelerations.

Stop Bit Always O for a valid request.
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Status Transfer

The PHY places status on the control lines (ctl=01b) while it transfers the status information on data(0:1). The
PHY may initiate a status transfer any time that the interface is idle and the PHY has status information to be
transferred to the Link. A status transfer can vary between four and 15 bits and is of the format shown in the
table below.

Status Format

Description

0 : Arbitration Reset Gap i The PHY has detected an arbitration reset gap.

Subaction Gap :The PHY has detected a subaction gap.

i This indicates one or more of the following interrupt conditions:
i~ Loop detect interrupt
3 PHY_interrupt :- Cable power fail interrupt
:- Arbitration state machine time-out
:- Port_event interrupt

4-7 Address EThis contains the address of the register data when register data is being 1rans-§
: ferred. ;

' 8-15 Data :The register data from the address in bits 4-7.
©IBM Corporation 1997, 1998. All rights reserved. phy400a.00
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Cable PHY Packets

Four categories of cable PHY packets are defined in the P1394a supplement to the IEEE standard [2].
« Self_ID packet (defined in section 7.5.1 of [2])
+ Link-on packet (defined in section 7.5.2 of [2])
« PHY configuration packet (defined in section 7.5.3 of [2])

» Extended PHY packets (defined in section 7.5.4 of [2])
- Ping
- Remote Access
- Remote Reply
- Remote Command
- Remote Confirmation
- Resume

All PHY packets are 64 bits long, in which the second 32 bits are the logical inverse of the first 32 bits.

phy400a.00 ©IBM Corporation 1997, 1998. All rights reserved.
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Self Identification
Included below are tables which describe the format of the cable PHY packets.
Self ID Packet Format
¢—Bi10
10 phy_ID 0]|L gap_cnt sp rsv |c pwr pO p1 p2 i |m
| I I I L 1 | | [ | | |
Logical inverse of the first quadlet
I T T O e e Ty T T
Bi163—f
Self-ID Packet Information
- Name . " Descripon

16-17

aximum Speed capabilities for this PHY

:00 = 98.304Mb/s
< 01 = 196.608Mb/s
P {10 = 393.216Mb/s

The IBM21S860 or IBM21S861 transmits 10, indicating that it is capable of speeds up to

21-23

24-25
26-27
28-29

iIndicates the power class for the identified node. Module pin PS_1, 2, & 3 are reflected in
ithe self_ID bits 21, 22, & 23, respectively. In the table below (from left to right) the first posi- |
gtion = PS-1, the second position = PS-2 and the third position = PS-3. :

1000 =
1001 =
{010 =
1011 =
1100 =
1101 =
110=

Node does not need power and does not repeat power.

Node is self-powered and provides a minimum of 15W to the bus.

Node is self-powered and provides a minimum of 30W to the bus.

Node is self -powered and provides a minimum of 45W to the bus.

Node may be powered from the bus and is using up to 1W.

Reserved for future standardization. :
Node is powered from the bus and is using up to 1W. An additional 3 W is needed
to enable he link and higher layers. ;
Node is powered from the bus and is using up to 1W. An additional 7 W is needed '
to enable the link and higher layers. :
ote: This table is from the P1394a supplement of the IEEE 1394-1995 [2].

iIndicates the state of the ports on the PHY (p0 = port 0).

11 = Active and connected to child node

:10 = Active and connected to parent node

:01 = Not active (may be disabled, disconnected, or suspended)
:00 = Not present on this PHY

i The IBM21S861 returns 00 for ports 2 & 3.

= this node initiated the current bus reset. More than one node may have this bit set at ‘
he same time.

pwr

411 =

he logical inverse of the first 32 bits.

©IBM Corporation 1997, 1998. All rights reserved.
Use is further subject to the provisions at the end of this document.

Page 32 of 47

phy400a.00
11/24/98



===TE IBM215862 IBM21S860
IBM21S861
Preliminary IBM 1394a 400Mb/s Physical Layer Transceiver (PHY)

Link-On

The reception of a valid Link-On packet with a matching phy_ID, causes a PH_EVENT .indication of Link_On.
The PH_EVENT.indication of Link_On causes the PHY to generate a 6MHz sighal on the Link_On pin to the
Link. This signal wil toggle until the LPS signal from the Link and the PHY register bit "Link_Active" are both

active.

Link-On Packet Format

0 1 phy_ID 0000 0000 0000 0000 0000 0000
| | T — | I S
Logical inverse of the first quadlet
AN S N Y N I I A I Ay S A Ay T [ I

Description

;Physical address of the packet recipient.

{Always 0.

i Logical inverse of the first 32 bits.

phy400a.00 ©IBM Corporation 1997, 1998. All rights reserved.
11/24/98 Use is further subject to the provisions at the end of this document.

Page 33 of 47



IBM21S860  IBM215862 SE=555
IBM21S861

IBM 1394a 400Mb/s Physical Layer Transceiver (PHY) Preliminary
PHY Configuration

The PHY configuration packet configures the Serial Bus to
» Set the gap_count for all nodes to the smallest valid value, and

» Set a particular node to be the root after the next bus initialization.

PHY Configuration Packet Format

transmitted first

00 root_ID RIT gap_cnt 0000 0000 0000 0000

| | | | | | | | | | | S Ay A
Logical inverse of the first quadlet

AN Y A N A Ay I A B | [ |

| [ |
transmitted last

Description

iPhysicaI address of the node to have its force_root bit set if the force_root bit within this

27 root_ID ‘packet is set (bit 8).
8 force root 1 sets the force_root bit of the node addressed in root_ID and clears all other nodes’
: — :force_root bits. 0 ignores the phy_ID field.
9 gap_count_reset_disable 1 sets the gap_count variable of all nodes to the gap count set in this packet. ‘

: %The new value for all nodes’ gap_count variable. This value goes into effect immediately
10-15 gap_count iupon receipt and is valid through the next bus reset. A second bus reset without an inter-
i ivening PHY configuration packet resets gap_count to 3F (hex).

16-31 iAIways 0.

32-63 logical inverse iLogical inverse of the first 32 bits. ‘
©IBM Corporation 1997, 1998. All rights reserved. phy400a.00
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Extended PHY Packets

P1394a [2] defined Extended PHY Packets to enable features such as PHY Ping and Remote Access to PHY
registers. The packet identifier (bits 0-1) for the extended packets as well as bits 8-9 are always zero. The
Extended PHY packets are derived from a PHY configuration packet in which the bits R=0 and T=0 to identify
them as extended PHY packets.

Extended PHY: Ping Packet

The PHY will transmit its self_ID packet to both its Link and over the 1394 serial bus if it receives a valid Ping
packet with a matching phy_ID. The self_ID packet will reflect the current state of the PHY at the time of
transmission. The self_ID packet is generated by the PHY in response to a Ping packet.

Ping Packet Format

00 phy_ID 0 0 type (0) 00 0000 0000 0000 0000
[ [ AN I S I A s Iy [ B

Logical inverse of the first quadlet

AN S N Y N I I A I Ay S A Ay T |

EPhysicaI address of the node to be pinged.

8-9 EAIways 00.
10-13 type E'(I)'he 1ype of this extended PHY packet (hex).
{0 = ping packet
14-31 | Always 0. '
32-63 logical inverse ELogicaI inverse of the first 32 bits.
phy400a.00 ©IBM Corporation 1997, 1998. All rights reserved.
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Extended PHY: Remote Access

A Remote Access packet is used to request a remote PHY to return the contents of a specified PHY register.
The PHY returns the requested register information using a Remote Reply packet (see Extended PHY:

Remote Reply on page 37).

Remote Access Format

00 phy_ID 0 0

type page port reg reserved
[ [ T [ IR I R S A B

10-13 type
14-16 page
17-20 port

| |
transmitted last

Description

hysical address of the node to be read.

lways 00.

%The type of this extended PHY packet (hex).
i1 =read a base register
:5 = read a paged register

‘Determines which page of the selected register will be read. Corresponds to that register’s :
‘page_select field. 5

%Determines which port of the selected register will be read. Corresponds to that register’s
;port_select field. :

%This field, in combination with page and port, specifies the PHY register to be read. If the :
‘type field indicates a read of the base PHY registers, the reg field directly addresses one of :
ithe first eight PHY registers. Otherwise the PHY register address is 100+reg. :

res

logical inverse

ogical inverse of the first 32 bits.

©IBM Corporation 1997, 1998. All rights reserved.
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Extended PHY: Remote Reply

A PHY uses a Remote Reply packet to return the information requested from a Remote Access packet (see
Extended PHY: Remote Access on page 36). The PHY generates this packet and transmits the packet to its
attached Link while transmitting to remote PHYs via the 1394 serial bus.

Remote Reply Packet Format

transmitted first

00 phy_ID 0 0 type page port reg data
| | | | | | 1 [ [ T [ IR I R S A B
Logical inverse of the first quadlet
AN Y A N A Ay I A B [ |

packet identifier Always 00.

2-7 phy_ID fPhysicaI address of the node that is replying to the most recent remote access packet.

%The type of this extended PHY packet (in hexadecimal).
i3 = reply with the contents of a base register
:7 = reply with the contents of a paged register

%Indicates which page of the replying register is being returned. Corresponds to the replying :
iregister’s page_select field. ;

%Indicates which port of the replying register is being returned. Corresponds to the replying !
;register‘s port_select field. :

{This field, in combination with page and port, identifies the PHY register that is returning ~ :
{the status contained in the data field of this packet. If the type field indicates the base PHY
iregisters, the reg field directly addresses one of the first eight PHY registers. Otherwise the :
{PHY register address is 100+reg. :

%The status of the PHY register replying to the most recent remote access packet.
{0 = reserved.

32-63 logical inverse Logical inverse of the first 32 bits.

phy400a.00 ©IBM Corporation 1997, 1998. All rights reserved.
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Extended PHY: Remote Command

A Remote Command packet is used to cause a remote PHY to take specific actions. The Remote Command
packet is used primarily for power management. The PHY will respond with a Remote Confirmation packet
(see Extended PHY: Remote Confirmation on page 39). The PHY does not generate a Remote Command
packet.

Remote Command Packet Format

00 phy_ID 0 0 type (8) 000 port 0000 0000 cmnd
| | | | | | 1 [ [ T IR I N SN A B [

Description

iThe type of this extended PHY packet (hex).
:8 = remote command packet

iThe command to be carried out by the addressed node on the specified PHY port.
:0=NOP
: ‘1 = transmit TX_DISABLE_NOTIFY, then disable port
29-31 cmnd {2 = initiate suspend
: :4 = clear the port’s fault bit to 0.
:5 = enable port
'6 = resume port

32-63 logical inverse ogical inverse of the first 32 bits.
©IBM Corporation 1997, 1998. All rights reserved. phy400a.00
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Extended PHY: Remote Confirmation

The PHY will respond with a Remote Confirmation packet if it receives a valid Remote Command packet
addressed to it. The Remote Confirmation packet enables the originator of the Remote Command packet to
confirm the requested actions taken by the PHY. This packet is generated by the PHY and is sent to both its
Link and remote PHYs over the 1394 serial bus.

Remote Confirmation Packet Format

transmitted first

00 phy_ID 0 0] type(Aip) 000 port 000 flc|b|d|ok| cmnd
| | | | | | 1 | | | | | | | | | | | |
Logical inverse of the first quadlet
| | | | | | | | | | | | | | | | | | | | [ | | | | [ [ |

transmitted last

29-31

Description

%Physical address of the node that is sending this packet in response to the most recent

phy_ID iremote command packet.
Always 00
type %The type of this extended PHY packet (hex).
yp {A = remote confirmation packet
:Always 0.
port :The PHY port that will be targeted by the command. ;
Always 0
fault The current value of the Fault bit from PHY register 1001 for the addressed port.
connected {The current value of the Connected bit from PHY register 1000 for the addressed port. '
bias :The current value of the Bias bit from PHY register 1000 for the addressed port.
disabled ;The current value of the Disabled bit from PHY register 1000 for the addressed port.
ok 1 = the command was accepted by the PHY .
%The command specified in the most recent remote command packet and carried out by this
inode. :
i0=NOP
cmnd 11 = transmit TX_DISABLE_NOTIFY, then disable port

{2 = initiate suspend

{4 = clear the port’s fault bit to 0.
15 = enable port

{6 = resume port

16

32-63 logical inverse Logical inverse of the first 32 bits.
phy400a.00 ©IBM Corporation 1997, 1998. All rights reserved.
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Extended PHY: Resume

The Resume packet will cause all PHYs to resume all connected and suspended ports. The packet is hot
generated by the PHY and there is no reply.

Resume Packet Format

00 phy_ID 0 0| type(Fyg) 00 0000 0000 0000
| | T — | 1 T A Y S A A M
Logical inverse of the first quadlet
AN S N Y N I I A I Ay S A Ay T |

| [ |
transmitted last

Description

iThe type of this extended PHY packet (hex).
:F = resume packet

14-31 lways 0.

32-63 logical inverse :Logical Inverse of the first 32 bits. ‘
©IBM Corporation 1997, 1998. All rights reserved. phy400a.00
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Cable Interface

Twisted Pair

The twisted pair cable interface is the interface between the PHY and the serial cable. For the twisted pair A
cables, TPA and TPA, 55 ohm resistors are connected to Tp_Bias, with a .33uF capacitor from Tp_Bias to
VG at each port. For the twisted pair B cables, TPB and TPB, 55 ohm resistors are connected to a node hav-
ing a 5 Kohm resistor and a 250pF capacitor connected in parallel to VG. It is also important to note that the
diagram below represents only one of the PHY’s three cable ports. The external component connections indi-
cated must be repeated for each port. Please read Board Layout Recommendations on page 44 for additional
guidelines.

Cable Media

The cable media intetface is the implementation of a physical connection. The cable media has two well
shielded signal pairs with 110 ohm differential and one low impedance signal pair for the power. The diagram
below shows all external component connections to the cable media. The cable shielding may be connected
directly to ground in some applications.

Cable Media Interface

0.01mF
Power N Power
(V- G Y (S VA \ VP
VG > _——_— - — — VG
1Moh%;0.1}ﬁ ; 0.1puF 1Mohm
0.01uF ‘ 0.01uF

TPB 0 s S pg
— =~ == <
NN\ Sy ;
N\ X/
7/ X\
7/ NN :
- ~
TPA | I e NO 7 TPA
1Mohm 0.1pF 0.1pF 1Mohm
0.01puF 0.01F
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External Component Connections
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xT o
£82.
Crystal
Oscillator
(Vpp =3.3V)
@ 24.576MHz
(+/-) 100 ppm
To Link 25| GND v
LPS DD
Controller _63] PDISABLE
SHawvc el
Power Class 66| Eg:; IBM21S860 - Three Port CNAI35
Programming .87pg3 CONSCLK gg
% DIRECT 12 mm x 12 mm PVbbpras +—Vop
~5| TEST MODE Vpprag 0.1uF
TEST O GND
Vop e 71 Voo 80 lead LQFP GND|39 —
72 GND GND gg v
0.1uF Z71GND GND{5= $—¥oD
: 75| GND GND 0.1uF
- 221 SCLK_TSEL AVp (28 T
1 0.33-2.2uF - RCV TSEL PWRDOWN 25 —
R /11 RESET ave 247 4
L 390k AN 8lcps GNB23 3.01Kohm +0.5%
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ToVe Voo 2 E5500REEE = owF
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) Vpp —* &—TpBias2
R — 033 F TP Cables
Power Requirements - -
Digital: ~ Vpp - GND = 3.3V +/- 300mV h -
Analog: AVpp - GND = 3.3V +/- 300mV
PVpp - GND = 3.3V +/- 300mV (PLL supply may require filtering from the analog supply)
Option to use External Crystal:
Module pin 37 (OSCSEL) set to Vpp.
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Package Diagram: 80-Lead LQFP
Top View Side View
I —  I——
1 0.22 +0.05 mm
—  — :g (0.0087 +0.002 in.)
- —  E— — 1 P —
- —  E— —
 ——  — —
 ——  — —
 —— —14
o — ——— ‘ _(_ 2in.)
- — —I1 ‘ -
- — —I1 ‘
I —  I——
I —  I——
 ——  — —
I E— —T1
I —  I——
 —— 11
- — 11
I — T 1
 —— 11
O 4
0.60 £0.15 mm
12.0 mm (0.472 in.)

. 0.05 mm min.
14.0 mm (0.551 in.) (0.002 in. min.)

e [ D S —

1.70 mm max.
(0.068 in. max.)
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Board Layout Recommendations

« Route the traces for the differential pairs TPA/TPA and TPB/TPB very carefully. The sighals within each
pair should be routed quite closely, yet the two must maintain a differential impedance of 110 ohms.
These guidelines help to achieve both of these goals.

- Each trace should have a 55 ohm impedance.

- Route the differential pair traces as closely as possible while maintaining a spacing between them of
approximately four times the height of the traces from the ground plane. So, if the dielectric thickness
between the signal traces and the ground plane is 10 mils, then maintain the spacing between the
traces at approximately 40 mils.

- The ground plane should be the layer directly under the signal layer on which the differential traces
are run. Furthermore, in order to provide a good signal return path and avoid signal impedance dis-
continuities, the ground plane should be continuous in the area under the signal traces. In addition,
route the majority of a given differential signal trace on the single signal layer above the ground plane
to minimize the via count in the route. If the signal traces do change planes, ensure that there is no
discontinuity in the ground return path by coupling the new power plane over which the signal trace is
routed with the ground plane in close vicinity to the signal via. If the same ground plane is used, then
place some vias connecting the two ground planes in close proximity (100 mils) to the signal via.

- Differential pair traces must be the same length electrically so as not to introduce any skew between
the differential signals. This is achieved by routing the two traces in each differential pair along the
same path (adhering to the above spacings) and maintaining the same via count for each trace. The
two traces within a pair should have matched lengths within approximately 50 mils of one anther. Fur-
thermore, the lengths of the four traces within the two sets of differential pairs (TPA & TPB) in a given
port should be kept within 100mils of one another. Each port, however, can be wired independently
within these guidelines since there aren’t any restrictions on trace variations from port to port.

« Transceiver signal routes should be routed from the 1394 connector to the PHY module pin and 550hm
terminator minimizing the stub length between the PHY module pins and terminator pins. Thus, the
550hm terminators should be as close to the PHY as possible.

» Keep the TpBias traces from the PHY I/O to the filter capacitors short and wide to minimize delta | noise.
« Minimize interconnect signal trace length differences between the PHY and Link modules.

» In general, keep routes between the PHY and Link short and direct. Traces longer than 1.5 inches should
be considered as transmissions lines and analyzed accordingly.
Critical line length= Vpxtr
25

where tr = signal rise time in nsec
and Vp = propagation velocity in unit length per nsec

» Place the 3.01Kohm external current setting resistor that is connected to PHY pins 21 & 22 as close to
the pins as possible.

» As a general rule, each power pin on the PHY and Link modules should be capacitively decoupled with
alternating 0.1 and 0.01uF ceramic capacitors to help reduce EMI emissions.

» As a general rule, each module power and ground pin should be connected directly to its appropriate
power plane (i.e. do not float any of the power pins or run wires to connect to the power plane).

» The PHY should have its own ground plane which connects to Vg of the 1394 connector.

* When adding a via to TPA or TPB traces, ensure a 50 mil annular clearance (spacing from via barrel to
solid GND/Power plane space).

©IBM Corporation 1997, 1998. All rights reserved. phy400a.00
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