TQS))

DATA COMMUNICATIONS

S EM

i H X,
) ™
'”2‘ ! 2o e oprics
1 or COAX
ENCODE |
CTRL ! o n,m GA9101 MEDIA
7 ! 10 TRANSMITTER ouT
| 72
]
! (
! )
]
1| easoa | ) REMOTE
HOST : ENDEC : Loor HOST
| i
! 1
! 1
DATA | .
% 1 DATA GA910Z MEDIA
| HET RECEIVER RX, N
STATUSI | DECODE | | RY [ ax OPTICS
: 1 2 1 orCOAX
1
J

The GA9104 is a part of TriQuint's FC-200
chip set, which provides a comprehensive
electrical and physical interface in
compliance with IBM's Enterprise Systems
Connection Architecture (ESCON ™)
Specification. This chip set consists of
(GA9104, the ENDEC; GA9101, the
transmitter (Tx); and GA9102, the receiver
(Rx). The Tx/Rx chips implement paralle)-
to-serial conversion, bit clock generation,
receive clock/data recovery, and serial-to-
parallel conversion. The ESCON

1/0 interface provides an optical-fiber
communication link between 1/0 devices
and main storage of IBM or IBM-
compatible computers implementing
Enterprise Systems Architecture/390
(ESA/390 ™). The communication link
supports a point-to-point configuration or a
switched-point-to-point configuration
through a "director.” This link can be as
long as 10 km, operating at a serial rate of
200 Megabaud.

The state-of-the-art CMOS ENDEC chip,
GA9104, implements the data and control
encoding functions of the physical link of
the ESCON standard. In addition, it
performs 16-bit CRC and parity generate/
check functions. It interfaces to TriQuint's
GA9101 Transmitter and GAS102
Receiver chips via two 10-bit buses. This
chip set can be used to interface with
gither the device link protocol controller
or the fabric.

The GA9101 and GAS102 Transmitter/
Receiver chips, designed with TriQuint's
proprietary 0.7 micron One-Up™ GaAs
process, interface either directly to the
electrical medium or to the fiber-optic
interface.

Along with a fiber-optic module, this
ghip set will provide complete ESCON
I/0 interface requirements.

ESCON, IBM and ESA/390 are trademarks of International Business Machines
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ESCON™
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Features

s For ESCON™ point-to-point
and network applications

» With fiber optics and TriQuint's
Transmitter and Receiver chips,
provides a complete ESCON
physical link solution

= 8b/10b Encode/Decode of data
and control

» Receive Synchronization indicate

« TTL-compatible 10-bit-wide
Transmitter/Receiver interface
with 20 MHz byte clock

» 16-bit CRC and Parily Generate/
Check

» Common chip for fabric and
device adapters

« Multiplexed data/control 8-bit
system interface

» 68-pin PLCC
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GA9104 ENDEC Block Diagram
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Functional Description — Encode
The PARITY CHECK block compares the disabled (PERR=0) when the RAWTx as in the ESCON specification. A CRC is
input odd parity with that of the incoming signal is active. computed for every frame. The
data, CTXDO..7 and GTXCO. If the number . computation begins after the receipt of the
of ones in the input is an even number, The CRC GENERATE/CHECK function Start-of-Frame (SOF) ordered set and

CTXP will be HIGH. If the number of ones
in the input is odd, CTXP will be LOW. If
there is a parity error, it is flagged through
the PERR signal. This parity error flag is

2-66

gither generates or checks the CRC forthe  finishes ane byte before the End-of-Frame
incoming 8-bit data word, CTXDO.7. For (EOF). The CRC corresponds to the ones
a16-bit CRC, the methodology, compiement of the remainder, R(x),
polynomials, and equations are the same obtained by dividing the frame sequence

. M 8906218 0000893 180 mm _
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polynomial H(x) by the following generator
polynomial, P(x),* where

P =X"84+ X124 X541

The frame sequence polynomial is formed
as follows: the bits of the frame are treated
as a coefficient of a polynomiat D(x) of
order k, where k is one degree less than
the total number of bits. A polynomial
H(x) is formed by multiplying D(x) by X'6
and inverting the 16 terms of the resulting
polynomial, starting at the X{k+16) term.
The order of computation within a byte
starts with the least significant bit (CTXDO)
and continues through to the most
significant bit (CTXD7). GRC is appended
to the data starting with the most
significant coefficient (X5) and continuing
through to the least significant coeficient.

A16-bit CRC check is performed by
comparing the incoming CRC fo the
computed CRC. The CRC check is
performed by checking the remainder, R(x),
at the end of the incoming frame against
the expected value of R{x) as shown below.
If the incoming CRC is correct, the
remainder should be 1DOF Hex, in the
order of reception.

R(x) = X121 X108 X3 424X +1

in the RAW mode, the CRC function is
disabled. The CRC GENERATE functional
block is enabled at the device by the
CTXC1 signal input. (This same control
signal is used to enable the Check CRC
function at the fabric interface.) A logic
HIGH on the CTXC1 pin indicates the
Generate CRC function is selected. A logic

*See ESCON /0 Intertace document for more details.

%
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LOW on CTXC1 indicates the Check CRC
is selected.

When initiated, the CRC computation
commences after the Start-of-Frame (SOF)
signal, and ends prior to the End-of-Frame
(EOF) signal.

The requirements for the Generate CRC
mode for the ENCODE block are as
follows: to enable the start of the 16-bit
CRC computation, the CTXC1 pin is HIGH,
the previous encoded byte is K28.7, and
CTXCO goes from HIGH to LOW, The CRC
computation is completed when the
CTXCO signal goes back to HIGH. The
CTXCO0 signal must be HIGH for at least
two byte clocks in order to append the
CRC to the transmitted data. Inthe
Generate CRC mode or when RAWTx =1,
the signal at the TERR pin (CRC Error) is
LOW. The timing for the Generate CRC
mode is shown in Figure 1. During the
Append CRC cycle, while the two input
bytes at CTXDO..7 are ignored, the logic
still performs the parity error check on this
data.

The requirements for the Check CRC mode
for the ENCODE block are as follows: the
CTXC1 pin is LOW, the previous encoded
byte was K28.7, and the CTXCO signal
goes from HIGH to LOW. This sequence
enables the start of the 16-bit CRC
computation. The CRC computation is
completed when the CTXCO signals goes
back to HIGH from a previous LOW. If
there is a CRC error, it is flagged by the
TERR pin going HIGH for one byte time.
The timing for the Check CRC mogde is
shown in Figure 2.

GA9104

The 8b/10b ENCODER encodes the data as
per the ESCON rules for encoding. The
encoding of valid data and valid special
characters are as shown in Tables 1and 2.
The tables have two columns of encoded
output based on the current Running
Disparity (Rp). The current Running
Disparity may be positive or negative on
reset. A new Running Disparity is
calculated from the transmitted character.
The CTXCO and CTXD7..0 inputs have the
bit combination as shown in Table 2 for the
encoding of K28.x control characters.

Data Comm

The MUX selects between the 8b/10b
ENCODER output and the data inputs.
When the RAWTX input signal is HIGH, the
inputs CTXDO..7, CTXP, and CTXCO are
selected, that is, the data bypasses the
CRC and ENCODER functional blocks and
is latched into the register in its “raw” form.
When the RAWTx input is LOW, the
ENCODER output is selected. The output
of the MUX is 10 bits widg and is clocked
into the REGISTER using the transmit byte
clock, TXCLK. The REGISTER output goes
to the GA9101 transmitter.

The asynchronous RESETN input, when
LOW, is used to clear all internal state
machine registers. It can take up to four
byte clocks to clear the internal state
machines after RESETN goes back to
HIGH.

The bit ordering for transmission in the
RAW mode is CTXD0..7, CTXP1 and
CTXCO. It corresponds to mapping these
signals to BTXDI..0, respectively.
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Figure 1. Generate CRC Mode Timing
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Table 1. Valid Data Characters — Encoding
v —_—

Data Comm
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Table 1.

fable 2. Valid Special Characters - Encading

$pocial
Code..

00014100 ¢

o1 0
120t O
17 A0T11100°
L A1011100; 001
Cke3y CATHEE 113010

CKRTZ I FNI01. 1iDte: 100
CKEET Lt Tl 104110, 1000 6100
CK30F G dh R fobpi

NOTES: 1. 'HGF EDCBA" correspond to Data Inputs CTXD7..0, in that order,
2. °a"is to be transmitted first, followed by ", 'c’, ..., " “abedeifghy,
in that order, correspond to BTXDS . . BIXDO.
Reserved - _valid transmission characters which are not defined

S E00TAG T 0110
010110 0110 : for use by ESCON.

SDoes . NG 010170

2-70
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Functional Description — Decode

The 10-bit-wide input from the ESCON/
Fiber Channe! Receiver is clocked into the
REGISTER, using the Receiver byte clock,
RXCLK.

The 10b/8b DECODER decodes the 10-bit
data and special characters according to
Tables 1and 2. If RAWRx =1 or RESETN
=1, the current Running Disparity is
negative and each of the characters are
decoded based on the received character.
The DECODER also checks for the validity
of received characters based on Tables 1
and 2. Any code violations o disparity are
flagged through the ERROR pin. The
special code characters are decoded as
shown in Table 2, with outputs being
CRXS0 and CRXD?7..0, respectively.

The CRC CHECK block performs a 16-bit
Cyclic Redundancy Check on the received
data. {This block is enabled at all times.)
The CRC computation begins after the
Start-of-Frame (SOF) Detect and finishes
prior to End-of-Frame (EOF). As inthe

case of the ENCODE block, the CRC check
is performed by comparing the incoming
frame to the expected value of the
remainder R(x). If the remainder is not
equal to 100F Hex, a CRC error is flagged
at the CRXS1 pin. If RAWRx =1, then
CRXS1=0.

The DECODE functional block has a
passthrough mode similar to the ong in the
ENCODE block. In this mode, when
RAWRX = 1, the data bypasses the
decoding logic and is made available to
the host in its original form. This mode is
normally used for diagnostics.

The MUX is used to choose between the
decoded data/control and the REGISTER
output. The REGISTER output is chosen
when the RAWRx input signal is active
HIGH. Otherwise, the decoded data/
controt is chosen.

The PARITY GENERATE block is used to
generate an odd parity signal, CRXP, for
every byte of data, CRXDO..7 and CRXSO.
If the number of ones in the output

GA9104

CRXDO0..7 and CRXS0 is an even number,
CRXP wili be HIGH. If the nurmber of ones in
the output CRXDO..7 and CRXSO is odd,
CRXP will be LOW.

The GA9104 has the ability to detect loss of
synchronization in the link. The BSYNC
signal is used to denote whether or not the
link is synchronized. As shown in the state
diagram below, BSYNC =0 in State 0. That
is, there is loss of byte synchronization ifthe
fink is in reset mode. The link achieves byte
synchronization (State 1, BSYNC = 1) only
after fifteen K28.5 bytes are received with no
bytes in error during that time. Once
synchronized, the link could lose
synchronization if it receives an invalid byte
as indicated by ERROR =1. For a total ioss
of synchronization, the link must receive four
invalid transmission characters within 60
bytes. During the sequence of transitioning
from State 1 to State 4, the link can reacquire
byte synchronization (return to State 1) if it
receives 15 consecutive valid bytes (ERROR
= 0) in each of the States as shown inthe
BSYNC State Diagram. If RAWRx =1,

Data Comm

BSYNC =0.
BSYNC State Diagram
STATE 1 STATE 2
BSYNC =1 ERROR =1 N First
(Byle Sync | iavalid Byte
Acquired) < BSYNC =1
y 15 Conseculive \
A ERROR =0 15E(".‘t:|3encut[i’ve ERROR =1
15K28.5 -
Received Second

STATE3 Invaiid Byte

STATEQ BSYNC =1
RAWRX = 1 BSYNG =0 15 Consecutive | | oo

or —— (Loss of ERROR =0 \ -
RESETN =0 Byte Sync)
Third
) STATE4 Invalid Byte
BSYNC =1
ERROR =1
| ERROR =1
2-7
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GA9104

Absolute Maximum Ratings

Exceeding the absolute maximum ratings
may damage the device.

Operating Conditions

Proper functionality is guaranteed under
these conditions:

v
TTL Test Load, TLL Outputs e

1100

2200

DC Characteristics (Over operating range unless otherwise specified.)

Notes: 1. Typical limits are: Vo = 5.0V and Ty = 25°C.
2. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included.

2-72
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GA9104

AC Characteristics - ENCODE

Data Comm

! |
CTXD0..7, ; :
CXC0..1, . . p '
] ' ) 1
D 7RO - I |
oERR — Th e — ! T6
) 1
TERR y4 AN

>§

sm00.5 X —C

-
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AC Characteristics - Miscellaneous

RESETN Timing Diagram

RESETN \ /

T10

f
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AC Characleristics - DECODF

DECODE Timing Diagram
| . )
mok 7 N 7 NN
1 ' H
1 : |
P
o™ T2 !
€ ———— >
' IT22 !
1 ]
] M I )
> |
T3 T T
CRXDO...9, ! C
CRXP, : (0 : | I
ERROR, , N\ ; .
T ! R ;
| 126 o N
, 127 '
System Block Diagram
CT)/(DO. .7‘ TXCLK ™ TY
78 il | o ,/2 -
cnp_
CTXCO,1 | BTXD0..9 GA9101 oy o
7 10 TRANSMITTER ’zSIG OPTICS/ |—» MEDIA
RESETN SIGh COAX our
o ra
< FERR 73 T0
— RAWT) REMOTE
RAWRY ™ LOOPEN SIGDET<—| HOST
HOST TERR GAgt04 ALX. RLY
BsYNe | ENDEC ¥
CRYS0..1 REFCLK | z R
77 < PXCLK Aotz | PXRY | oprices |«— MEDIA
CRXDO..7 T SYNC RECEIVER %2 COAX N
78 ~ BRXDO..8 FROM
CRXP 710 REMOTE
__ERROR HOST
B syNeeN —
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GA9104

Table 5. Pin Definitions

Data Comm

Total Pins = 68

GA9104 Pinout REEugis

) CRXS0
[ CRXDO
[} CRXD1
[} CRXD2
) GND
] CRXD3
N CRXD4
CRXD5
GA9104-2JC D oy

[ CRXD7
[ CRXP
(TOP VIEW) ) svne
N BRXD9
) BRXDS
N BRXD?
[l BRXDG
[] GND

2-75
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GA9104

68-Pin Plastic Leaded Chip Carrier (PLCC)
—~| = 020 MIN.

.045 * 003 — -—
.045 x 45° ‘ _-H .009 + .001
. /' I\
n —T \
. 0452003 .030R.
i +.005
J _t 050
TN YD v 910+ .020
029
+ 08 018
| +.003
T 4
Rt
104020 ;]: 025 MiN.
| 182+ .018

(Al dimensions in inches)

Ordering Information

For ESCON applications, order the chip set as FC-200.

FG-200

GA9101 - 2GC - Transmitter
GA9102 - 2CC - Receiver
GA9104 - 2CC - ENDEC

TrQuint @,

SEMICONDUCTOR
23

8906218 0000903 957 M
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Section 6 - Packaging
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SEMI CONDUCTOR, I NC.

DATA COMMUN]CATIONS

Thermal Resistance Information
Power Dissipation Caiculations
The maximum power dissipation that an IC can tolerate is determined by the thermal impedance characteristics of the package. The
equation to find the allowable power dissipation at a given ambient operating temperature is:
Pp=(T,-Ta}/8Ja, where:

Pp = power dissipation at ambient operating temperature

T, = maximum junction operating temperature (150°C is typically used)
Tx = maximum ambient operating temperature (free air)

8 = typical thermal resistance of junction to ambient (°C/W)

Packaging Notes

Unless otherwise indicated, all thermai impedances listed are typical range values or values in still air for the package only. These
impedances will vary when additional heat sinking capability is provided through PCB solder attachment or air flow.

Device Markings

TriQuint's Standard Device Markings

E
(=)
g
8

Q.
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PACKAGING

Package Outlines

68-Pin J-Lead (CLCC) Package
Packaging for: GA9011, GA9012 (0J, =25°G/Watt)

. ’-— .800 + .008 jm
.osnﬁ P..nus}_— | | | | | | I. .I. | l | | | | | 5 o

(TOP VIEW)

(All dimensions
in inches)

28-Pin J-Lead CerQuad Package

Packaging for: GA9101, GA9102 (0J, = 60°C/Walt)

120 MAX.
488 £.003 ——»| ]
045 [e——— 450 +.008 —»] .U;ll .
X 45° [ —irr] — +.003
i PIN 1 I
[ | .a88
[ [l | 2.003 J
22 [] .450
E ’ % +.004 :':;‘;82
15 ]
BSC

B 5905218 0001002 772
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PACKAGING

28-Pin J-Lead MQuad Package
Packaging for: GA9101, GA9102 (0J, = 42°6/Wall)

— 172
> 104
045 > 040 MIN
X 45° ) —T
L | _L 410
T— T £.015
_ 0 028 018
0.125

VENT PLUG DS0TYP

015 —{ 132 j«—

X 45°
68-Pin PLCC Package

Packaging for: GA9103, GA9104 (0., = 47°6/Watt)

.800 REF. ——»1 0454+ 003 — |~ .020 MIN.
045 x 45° — f—{—+.009 + .001

L] e

045 +.003

o .050 g’
(BOTTOM VIEW) L — 1 TP 910+ .020 ®
S
[\]
a.
.029
+.003
4
I
\ | —

1104 .020 — .025 MIN.
182+ .018

(All dimensions in inches)

6-35
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PACKAGING

132-Pin Leaded Ceramic Chip Carrier
Packaging for: TQ8016 (Heat sink required, 6J; = & G/Watt)

(BOTTOM VIEW)
1170 ————>

————— | o 9T
I _ : j_/— | CERAMIC OR
[ — ! I METALLID
| PER o e e
[} \ I |
(TOPVIEW)|_____ | ) i T

I T = (w
|
|

—»{}4—.:;2 DEWCE—;L 1-125
T sEATINGPLANE 4 }_

.064
(SECTION A-A)
196-Pin Leaded Ceramic Chip Carrier
Packaging for: TQ8032 (Heat sink required, 0Jp = & G/Walt)
(BOTTOM VIEW)
l«——— 15504 .006——— T T T T T
[¢———-1.350 + .007 ———» N
|11’6——1.2oo—>| = l a b
PNt— I~ ————— ! H — 1+ | cenamicoR
INDEX \,ﬂ" i ﬂ"L= | L4 | METALLID
= - = T T
Al | | A ! | !
{1 |mopview i P Ll (m
I I T
i | j 1:350+.007 D T
J_ [ | i CHIP CAPACITOR, 4 PLACES
== | =
T " ______ v " Il DEVICE l.125
10 005 Jg,n—.é[;jgr
s 0000000 AR ———EX _
SEATING PLANE }
.064
(SECTION A-A)
TQuint @.
SEMICONDUCTOR
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