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DESCRIPTION

The TSC 78Q8377A s a highly integrated Ethernet IC
for use in Ethernet Network Interface Cards (NICs) in
the ISA/NEC PC-98 Plug and Play (PnP) environment.
It contains a full-duplex Media Access Controller (MAC),
a 10 Mbit/s Manchester encoder/decoder (ENDEC), a
10BaseT transceiver, ISA/NEC PC-38 bus interface
and an Attachment Unit Interface (AUl). The only
external components required to build an Ethernet
adapter card with the TSC 78Q8377A are buffer
memory, a serial EEPROM and a few passive
components. In full duplex operation, transmission line
throughput doubles to the theoretical 20 Mbit/s. In this
mode, the collision detection, SQE generation and
carrier deference are disabled.

The TSC 78Q8377A has an integrated |SA and NEC
PC-98 bus interface that physically connects to the
bus without any additional glue logic. The
TSC 78Q8377A is defined with “jumperless”
configuration in mind. The configuration information is
stored in serial EEPROM.

The TSC 78Q8377A fully supports the PnP ISA
specification. The PnP logic can also be bypassed
through a bit in the EEPROM. When the PnP logic is
bypassed, the TSC 78Q8377A will power up active
after loading the necessary configuration information
from the serial EEPROM.

The popular microwire (4-wire) interface is supported
by the TSC 78Q8377A to connect to serial EEPROM,
which contains configuration information such as
1/O Base address, Boot Device address, |RQ selection,
MAC address, etc. Reading of essential configuration
information like the I/O Base address and Boot Device
address is done automatically by the TSC 78Q8377A.
The driver software is then responsible to read the rest
of the information and program the TSC 78Q8377A
registers with the appropriate values read.

The TSC 78Q8377A allows for a diskless station to
boot from the installed boot device. The boot feature
can also be disabled through a bit in the serial
EEPROM. Both read-only and read-write (e.g., flash)
memory are supported by the TSC 78Q8377A.
Furthermore, accidental write to the flash can be
prevented through a write protect register bit.
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FEATURES

® Highly integrated Ethernet combo for Plug and
Play (PnP) applications

® Integrated ISA and NEC PC-98 bus interface
with PnP registers, compliant with PnP spec
version 1.0a

® Compliant with Windows 95 and PC95
requirements

® 16-bit address decoding

“Glueless™ and “jumperless” connection to ISA
and NEC PC-98 bus

® Integrated 10Base-T transceiver:
- Programmable/automatic selection of
twisted pair (RJ45) or AUl port
- Receive polarity detection/correction on
twisted-pair inputs
® Manchester Encoder/Decoder circuit
AUl port for connection to 10Base2/5
transceiver or AUl cable

Programmable Full Duplex operation

Serial EEPROM support with
MICROWIRE (four wire) interface

® Supports both PnP and non-PnP environment
through an EEPROM bit

LED indicators for Link, RX, TX, COLL
Integrated 24 mA data bus buffer

Boot Device (either read-only or read-write
memory) support through an external data
buffer (‘245) in ISA mode

® /O base address selection in 16 byte
increments

® 8 interrupt lines supported
- Supports edge and level-sensitive
interrupts Tri-state impiementation allows
sharing of interrupts for both modes

Register compatible to the TSC 78Q8373

Power management options:

- Intelligent power mode automatically
shuts off unused circuitry

- Standby mode reduces power while notin
operation

- Full shutdown mode offers maximum
power savings

® 128-lead QFP package and single 5 V supply
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FUNCTIONAL DESCRIPTION

The TSC 78Q8B377A consists of six major blocks as
shown in Figure 1.

Buffer Manager (and SRAM Interface)
Data Link Controller

ISA Bus Interface

Manchester ENDEC

Twisted Pair Transceiver

Power Management

BUFFER MANAGER

The Buffer Manager manages all accesses to the
buffer memory through the SRAM interface. The buffer
memory is connected directly tothe Data Link Controller
(DLC), thus eliminating the need for a local
microprocessor. The Buffer Manager also keeps track
of all buffer memory pointers automatically, simplifying
the software driver task. Together with intelligent
arbitration, this makes the TSC 78Q8377A a high
performance LAN controller.

The buffer memory is divided into two portions: transmit
memory and receive memory. The transmit memory
portion can be partitioned into 2K, 4K, 8K or 16 Kbyte
buffer sizes. There is only one transmit bank if a 2 KB
transmit buffer size is selected. If the transmit buffer
size is greater than 2 KB, then the transmit buffer is
configured into two banks of equal size. With the two
bank configuration, one transmit bank may be tied up
during transmission but the host can still continue to
load data packets into the second transmit bank to be
transmitted later. The receive buffer has a ring
architecture which can be configured from 4K to 62 KB
depending on the buffer memory configuration which
has a range of 8KB to 64 KB.

Acentral arbitratorinside the Buffer Manager prioritizes
and services requests for access o the buffer memory
from 4 sources: the Transmitter, the Receiver, Host
Read and Host Write. f necessary, the TSC 78Q8377A
will assert a ‘not ready’ handshake to the host while
servicing the Transmitter and/or Receiver. The
TSC 78Q8377A arbitration mechanism provides packet
management by interleaving packet data accesses to
the buffer memory such that the operations appear to
be simultaneous.

For instance, in the situation where 2 transmit banks
are configured, the host can load the first transmit bank
and initiate a transmission. While the first transmit bank
is being transmitted, the host can continue to load
packets in the second transmit bank. At this stage, the
TSC 78Q8377A can potentially be receiving data from
the medium and loading it into the receive buffer (in
the case of full duplex 10BaseT operation, or if the
TSC 78Q8377A is in a loop back mode or if
self-reception occurs).

DATA LINK CONTROLLER

The Data Link Controller (DLC) implements the
ISO/ANSV/IEEE 8802-3 CSMA/CD protocal. It consists
of a Transmitter, a Receiver and CRC logic. Automatic
generation and stripping of the 64-bitpreamble andthe
32-bit CRC code are provided on-chip.

The TSC 78Q8377A includes support for Full Duplex
operation making the line throughput 20 Mbit/s. In this
mode, the collision detection and carrier deference are
disabled. In addition to that, the Twisted Pair transceiver
SQE generation and “natural” loopback are also turned
off.

ISA AND NEC PC-98 INTERFACE

The TSC 78Q8377A has an integrated ISA and NEC
PC-98 interface that physically connects to both bus
types without any additional giue logic. The ISA pin is
used to select between the two bus interfaces. The
data bus buffers (24 mA) have also been integrated
on chip. The TSC 78Q8377A is defined with
“jumperless” configuration in mind. The configuration
information is stored in the serial EEPROM.

PnP Logic

The TSC 78Q8377A fully supports the Plug and Play
(PnP) Specification for the 1ISA system. The PnP logic
can also be by-passed through the PnP_ACT bit in
the EEPROM. This allows the TSC 78Q8377A to work
in non-PnP as well as PnP environments. When the
PnP logic is by-passed, the TSC 78Q8377A will power
up active after loading the necessary configuration
information from the serial EEPROM.
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Serial EEPROM Interface

The popular MICROWIRE (four wire) interface is
supported by the TSC 78Q8377A to connect to the
serial EEPROM. Compatible EEPROM devices include
93C56 and 93C66. The serial EEPROM is used to store
a number of bytes: I/O base address, Boot Device
address, IRQ selection, MAC address, TSC 78Q8377A
register specific setting and PnP related data and
control. The reading of the essential configuration
information in the serial EEPROM like the I/O base
address, Boot Device address and IRQ selection are
done automatically by the TSC 78Q8377A. Software
drivers are then responsible for reading the rest of the
information and programming the TSC 78Q8377A
registers with the appropriate values. Three register
bits are provided as the interface points to the serial
EEPROM; one for the chip select, one for the clock
and the other for the data.

Optional Boot Device Support

In ISA mode TSC 78Q8377A diskless workstations by
booting from the installed Boot Device. It supports
8 memory base addresses for the Boot Device with
16 Kbytes memory size or 4 memory base addresses
with 32 Kbytes size or 2 memory base addresses with
64 Kbytes size. The boot feature can also be disabled
through a bit in the serial EEPROM. Both read-only
and read-write (eg. Flash) memory are supported by
the TSC 78Q8377A. Furthermore, accidental write to
the Flash can be prevented through a write protect
register bit. Due to the low current drive capability of
the boot device (normally 2 mA), a data buffer (‘245) is
needed to isolate the boot device from the bus. The
TSC 78Q8377A provides the necessary control pins
to the data buffer and the boot device.

MANCHESTER ENDEC

This block implements Manchester encoding and
decoding. Serial NRZ data from the DLC is converted
to Manchester encoded data and sent to either the
twisted-pair transceiver block or to the Attachment Unit
Interface (AUI) driver, depending on which block is
active. The decoder section performs three functions:
clock recovery, carrier detection and Manchester
decoding. The recovered receive clock will be low at
the end of reception and during idle to save power.
Jitter of up to £18 ns can be tolerated by the decoder.
This block also translates a 10 MHz collision signal to
a logic-level signal before sending it to the DLC block
if the AUl port is selected.
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TWISTED PAIR TRANSCEIVER

The on-chip Twisted Pair module provides of a number
of functions. It has asmart squelch circuitry to determine
valid data present on the differential receive inputs
TPIP/TPIN. its transmit and pre-distortion drivers
connect to the twisted pair network via the summing
resistors and transformer/filter. The link
detector/generator circuitry checks the integrity of the
cable connecting the two twisted pair MAUs. Collision,
jabber and SQE are also incorporated.

The TSC 78Q8377A includes support for Full Duplex
operation making the line throughput 20 Mbit/s. In this
mode, the collision detection and carrier deference are
disabled. in addition to that, the Twisted Pair transceiver
SQE generation and “natural” ioopback are also turned
off.

POWER MANAGEMENT

One very useful and important feature that the
TSC78Q8377A offersisintelligent power management.
It supports three different power saving modes:
Intelligent, Standby, and Full Shutdown. Allmodes are
configurable through registers. In the Intelligent mode,
clocks are active only when they are needed. For
example, when not transmitting, the clock supplied to
the transmitter circuit in the DLC block is not active
while host read from buffer memory may be active. In
Standby mode, the osciliator clock is disconnected
from the rest of the circuits, so that only the oscillator
circuits draw power. Full Shutdown turns off the
oscillator, resulting in maximum power savings. Note
that this mode is not available when using an external
clock source.
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FIGURE 1: System Diagram
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Pin Assignment Table (ISA bus)

PIN# | PIN NAME| TYPE| PIN#| PIN NAME|TYPE | PIN#| PIN NAME|TYPE | PIN# | PIN NAME| TYPE|
1 RA1 04 | 33 IRQ5 |OT24| 65 TPON | AO | 97 RD14 102
2 RAO 04 34 IRQ4 |OT24| 66 TPOP | AO | 98 RD13 102
3 VSSIO G 35 IRQ3 [OT24| 67 vDDT P 99 RD12 102
4 VvDDIO P 36 VSSC G 68 DON | AO | 100 RD11 102
5 SD15 | 1024 37 SA0 ] 69 DOP | AO | 101 RD10 102
6 sp14 | 1024] 38 SA1 | 70 VSSA G | 102 RD9 02
7 sD13 | 1024] 39 SA2 ] 71 RBIAS | R | 103 RD8 102
8 sD12 | 1024] 40 SA3 I 72 VDDA P | 104 | vssIO G
9 VSSIO G 41 SA4 I 73 TPIN Al | 105 RD7 102 |
10 SD11 1024 42 SAS5 [ 74 TPIP Al | 106 RD6 102
11 sDio | 1024] 43 SA6 | 75 CIN Al | 107 RD5 102
12 SD9 1024 44 SA7 { 76 CIP Al | 108 RD4 102
13 sSDs 1024 45 SA8 ! 77 DIN Al | 109 RD3 102
14 VSSIO G 46 SA9 ] 78 DIP Al | 110 RD2 102
15 sSDo 1024 | 47 vDDC P 79 VSSC G | 111 RD1 102
16 SD1 1024 ] 48 SA10 I 80 ISA ] 112 RDO 102
17 SD2 1024 ] 49 SA11 I 81 | RSTDRV| SI | 113 | VSsIO G
18 sp3 [ 1024 50 | SMEMR | | g2 | BDCS | 04 | 114 | RA15 | 04 ]
19 VSSIO G 51 | SMEMW | | 83 LEDL |(oD16| 115 RA14 04
20 SD4 1024 52 SA14 | 84 LEDT |op1s]| 118 RA13 04
21 sD5 1024 ] 53 SA15 I 85 LEDR [OD16| 117 RA12 04
22 SDé 1024 54 SA16 I 86 LEDC |oD16| 118 RA11 04
23 sSD7 1024 | 55 SA17 i 87 osco | o | 119 RA10 04
24 vDDIO P 56 SA18 I 88 0Sscl clt | 120 RA9 04
25 VSSIO G 57 SA19 ] 89 vDDC P 121 RA8 04
26 | 10CS16 | OD24] 58 IOR I 80 EECS | 04 | 122 | vssIiO G
27 | IOCHRDY | OD24] 59 1OW I 91 RWE | 04 | 123 RA7 04
28 IRQ15 | OT24]| 60 SBHE I 92 ROE 104 | 124 RA6 04
29 fRQ12 | OT24] 61 AEN I 93 RCST | 04 | 125 RAS5 04
30 IRQ11 | OT24| 62 VSST G 94 RCS0 | 04 | 126 RA4 04
31 IRQ10 | OT24] 63 TPDN AO 95 VvDDIO P 127 RA3 04
32 IRQ9 (OT24| 64 TPDP | AO 96 RD15 | 102 | 128 RA2 04

(See legend for pin description on following page)
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LEGEND
TYPE | Description TYPE | Description TYPE | Description
i Input (TTL level) O4 Output with IOL = 4 mA PG Power, Ground
Cl CMOS level 0OD16, | Output Open Drain R Resistor to analog
Input OD24 | with IOL = 16 or 24 mA ground (20K * 1%)
Si Schmitt trigger OT24 | Output Tristate with 102, 1024 | Input (TTL level) &
Input IOL =24 mA Output with IOL = 2
or 24 mA
Al Analog Input AO Analog Output
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Pin Assignment Table (NEC PC-98 bus)

PIN# | PIN NAME| TYPE| PIN#| PIN NAME [TYPE | PIN#| PIN NAME|TYPE | PIN# | PIN NAME| TYPE
1 RA1 04 | 33 IR5 |OT24| 65 TPON | AO | 97 RD14 102
2 RAO 04 | 34 IR6 |OT24 | 66 TPOP | AO | 98 RD13 102
3 VSSIO G 35 IR3 |OT24| 67 vDDT P 99 RD12 102
4 vDDIO P 36 VSSC G 68 DON | AO | 100 RD11 102
5 DB15 | 1024] 37 ABO ] 69 por | AO | 101 RD10 102
6 DB14 | 1024] 38 AB1 | 70 VSSA G | 102 RD9 102
7 DB13 | 1024{ 39 AB2 I 71 RBIAS | R 103 RDS 102
8 DB12 | 1024 40 AB3 ! 72 VDDA P | 104 | vssiO G
9 VSSIO G 41 AB4 | 73 TPIN Al | 105 RD7 102
10 DB11 1024] 42 AB5 ! 74 TPIP Al | 106 RD6 102
11 DB10 | 1024 43 AB6 i {75 CIN Al | 107 RD5 102
12 DB9 1024 ] 44 AB7 I 76 CIP Al | 108 RD4 102
13 DB8 1024 45 ABS | 77 DIN Al | 109 RD3 102
14 VSSIO G 46 AB9 | 78 DIP Al | 110 RD2 102
15 DBO 1024 | 47 vDDC P 79 VSSC G | 111 RD1 102
16 DB1 1024 | 48 AB10 I 80 ISA I 112 RDO 102
17 DB2 1024 49 AB11 ] 81 RESET | sI 113 | VSSIO G
18 DB3 1024 | 50 AB12 I 82 NC 04 | 114 RA15 04
19 VSSIO G 51 AB13 | 83 LEDL |oD16]| 115 RA14 04
20 DB4 1024 52 AB14 { 84 LEDT |oD1s| 116 RA13 04
21 DBs | 1024| 53| AB1s | 85 | LEDR |opDt6| 117 | RA12 | 04 |
22 DB6 1024 | 54 AB16 | 86 LEDC (oD16]| 118 RA11 04
23 DB7 1024 55 AB17 i 87 osco | o | 119 RA10 04
24 VvDDIO P 56 AB18 ] a8 OSClI cl | 120 RA9 04
25 VSSIO G 57 AB19 ! 89 vDDC P 121 RAS 04
26 NC OD24| 58 IOR I 90 EECS | 04 | 122 | vssio G
27 IORDY | OD24] 59 1IOW I 91 RWE 04 | 123 RA7 04
28 IR13 | OT24] 60 BHE I 92 ROE | 104 | 124 RAG 04
29 IR12 QT24| 61 | CPUENB | | 83 RCS1 | 04 | 125 RAS5 04
30 IR11 oT24] 62 VSST G 94 RCSO | 04 | 126 RA4 04
[ 31 IR10 |oOT24] 63| TPDN [ A0 | 95 | vobio | P | 127 RA3 04
32 IR9 OT24| 64 TPDP | AO 96 RD15 | 102 | 128 RA2 04

(See legend for pin description on following page)
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LEGEND
TYPE | Description TYPE | Description TYPE | Description
| Input (TTL level) 04 Output with IOL = 4 mA P,G Power, Ground
Cl CMOS level OD16, | Output Open Drain R Resistor to analog
Input OD24 | with IOL = 16 or 24 mA ground (20K + 1%)
Sl Schmitt trigger OT24 | Output Tristate with 102, Input (TTL level) &
Input IOL =24 mA 1024 Output with IOL = 2
or 24 mA
Al Analog Input AO Analog Output
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PIN DESCRIPTION

Note abbreviations: C = Component, Al = Analog Input, DI = Digital Input, AO = Analog Output,
DO = Digital Output, DIO = Digital /O

ISA/NEC BUS INTERFACE

NAME TYPE | DESCRIPTION

ISA ISA/NEC PC-98 bus select. Connect to VDD for ISA bus and connect to VSS
for NEC PC-98

SD/DB {15:0] DIO | System Data Bus. A bi-directional, tri-state bus with 24 mA drive capable of
connecting directly to the ISA/NEC PC-98 data bus.

SA/AB [19:0] DI System Address Bus. All /O access uses 12-bit address decoding. In NEC

PC-98 bus mode, all I/O access uses 16-bit address decoding. SA[12] and
SA[13] are taken from SMEMR and SMEMW respectively. SA[3:0] K]
selects the set of TSC 78Q8377A internal registers. SA[19:14) are needed
for Boot Device.

AEN/CPUENB DI Address Enable. When active (high), it indicates a DMA transfer. It is low
during /O and memory cycle and is used to qualify address decoding.

RSTDRV/RESET Dl Reset Drive. This pin resets the TSC 78Q8377Ainternal pointers and registers
to their appropriate state. It also puts the TSC 78Q8377A in an unconfigured

state. This pin has to remain active for at least 200 ns.

SBHE/BHE DI System Byte High Enable. When active (low), it indicates a transfer of data
on upper byte of the system data bus SD[15:8]. This signal is only applicable
when the TSC 78Q8377Ais in word mode (when HBYTE bit in DLCR6<5> is
set to 0). The complete truth table of the byte/ word and lower/ upper bus
transfer is given here.

HBYTE SBHE SA0 Function
0 0 9] Word transfer
0 0 1 Byte transfer on SD[15:8]
0 1 0 Byte transfer on SD[7:0]
1 1 1 Reserved
1 X X Byte transfer (SD[7:0])

The PnP register access is always through the lower data bus independent
of HBYTE setting. NEC PC-98 bus mode is defined for 16-bit bus operation
only. For those PnP registers located at odd addresses the register access
will always utilize the higher data bits.

IOCHRDY/IORDY bo I/0 Channel Ready. Open-drain signal with 24 mA drive. For normal register
access this signal is always inactive (tristate). For accesses to the data port
{BMR8), this signal may be pulled low by the chip to detay the completion of
the current read or write operation. It will also be used if the device is unable
to respond to read or write requests within 2.4 us. In these situations, the
TSC 78Q8377A will also assert interrupt and the host read error status bit
{DLCR1<6>) or host write error status bit (DLCR0<0>).
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PIN DESCRlPT'ON (continued)

Note abbreviations: C = Component, Al = Analog Input, DI = Digital Input, AO = Analog Output,
DO = Digital Output, DIO = Digital /O

DESCRIPTION

YO Chip Select 16-bit. Active low, open-drain signal with 24 mA drive. When
pulled low, it informs the host that TSC 78Q8377A device is capable of 16 bit
access. Therefore, this signal can only be activated if HBYTE (DLCR6<5>) is
set to zero. The TSC 78Q8377A follows the IEEE P996 specification that
recommends this function be implemented as a pure decode of SA[9:0] and
AEN, with no dependency on IOR or IOW. Since the Plug and Play register is
defined for 8-bit access only, the signal IOCS16 will not go low for Plug and
Play register access independent of the HBYTE setting. This signal is not
used in NEC PC-38 bus mode.

1/0 Read. Active low read strobe.

1/0 Write. Active low write strobe.

System Memory Read. Active low memory read cycle strobe. It is active for
memory read within the low 1 Mbyte of the memory space. This signal, together
with the SMEMW, is used to qualify for the Boot Device Chip Select (BDCS).

System Memory Write. Active low memory write cycle strobe. It is active for
memory write within the low 1 Mbyte of the memory space. This signal (when
write protect is disabled), together with the SMEMR, is used to qualify for the
Boot Device Chip Select (BDCS).

Interrupt Request. Tri-state with 24 mA drive. The TSC 78Q8377A supports
both edge and level-sensitive interrupt. When edge mode interrupt is selected,
the TSC 78Q8377A generates interrupts by driving a low followed by a high
and then tri-stating the interrupt line. When level-sensitive mode is selected,
the TSC 78Q8377A generates interrupts by pulling the IRQ line low. It
continuously drives it low unti! the interrupt has been serviced; at which time
the IRQ is returned to trisate. This tristate implementation allows for shareable
interrupt lines with other cards in the system. In NEC PC-98 bus mode, IRQ$
and IRQ!% are interrupt lines 6 and 13 respectively. In ISA mode, |IRQ$ and
IRQ!% are interrupt lines 4 and 15 respectively.

ISA/NEC BUS INTERFACE
NAME TYPE
1OCS16 (ISA Only)| DO
iIOR DI
oW DI
SMEMR (ISA Only)| DI
SMEMW (ISA Only)| DI
IRG3, 4,5,9,10, | DO
11,12, 15/

IR3, 5, 6, 9, 10,

11,12, 13

BDCS (ISAOnly) | DO

Boot Device Chip Select. Active low signal which indicates that the current
memory access cycle is from or to the boot device. The boot device address
bus connects directly to the ISA address bus and the data bus connects
through a data butfer to the ISA data bus. The boot device OE and WE pins
(eg. for flash memory) connect to the SMEMR and SMEMW signals
respectively. When the WP bit (BMR12<35) is set, writing to the boot device
is prevented. This signal is not used in NEC PC-98 bus mode.
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PIN DESCRIPT'ON (continued)

Note abbreviations: C = Component, Al = Analog Input, D! = Digital Input, AO = Analog Output,
DO = Digital Output, DIO = Digital I/O

BUFFER MEMORY INTERFACE

NAME TYPE | DESCRIPTION

RCS0, RCS1 DO RAM Chip Select. RCS0 and RCS1 are active low chip select lines for the
SRAM with RCSO0 as the least significant byte.

ROE DO RAM Output Enable. Active low. This is the output enable asserted by the
TSC 78Q8377A during buffer memory read cycles for the SRAM.

RWE DO RAM Write Enable. Active low. This is the write enable asserted by the
TSC 78Q8377A during buffer memory write cycles for the SRAM.

RD[0:15] DI/O | RAM DataBus. Thisis the data bus between the TSC 78Q8377A and the buffer

memory. It can be configured for byte or word transfer depending on register
bit RBYTE (DLCR6 <4>) RAM BYTE. For word transfers, the ordering of the
most and least significant byte is defined by the register bit, INTLMOT (DLCR7
<0>). In PCMCIA bus mode, this data bus is only 8 bits wide (RD[0:7]).

RA[0:15] | oo RAM Address Bus. Addresses u;ﬁo 64 KByte of SRAM buffer }nemory.

NETWORK ATTACHMENT UNIT INTERFACE

DON, DOP AO Transmit Data Negative and Positive. Differential outputs to external
transceiver for transmission.

DIN, DIP Al Receive Data Negative and Positive. Manchester differential inputs from
external transceiver for reception.

CIN, CiP Al Collision Detect Negative and Positive. When an externally connected trans-

ceiver detects a collision on the medium, these differential inputs are driven by
a 10 MHz signal.

RBIAS Cc éiasing Resistor. External biasing resistor. Connect to 20 kQ2 +1% to VSSA
(Analog ground).
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PIN DESCRIPTION (continued)
NETWORK TWISTED-PAIR MEDIUM INTERFACE

NAME TYPE | DESCRIPTION

TPON, TPOP AO Twisted-Pair Output Negative and Positive. Driver outputs to twisted-pair
medium. Must be summed together with TPDN and TPDP by external
resistors in a pre-equalization network to produce twisted-pair transmit signal.

TPDN, TPDP AO Twisted-Pair Delayed Negative and Positive. Delayed (50 ns) driver outputs
to twisted-pair medium. Must be summed together with TPON and TPOP by
external resistors in a pre-equalization network to produce twisted-pair
transmit signal.

TPIN, TPIP Al Twisted-Pair Input Negative and Positive. Inputs from twisted-pair medium.

CRYSTAL OSCILLATOR

OSClI DI Oscillator in. Connection for one side of the 20 MHz crystal or an input for an
external 20 MHz clock source.

0OSCO DO Oscillator Out. Connection for other side of the 20 MHz crystal. Left
unconnected if an external clock is used.

EEPROM PINS

EECS DO EEPROM Chip select.

EESK DO EEPROM Serial clock. Shared with RCSH1.

EEDI poO EEPROM Data input. Shared with RCS0.

EEDO DI EEPROM Data output. Shared with ROE.

LED PINS

LEDL DO LED Link. Active low, open drain with 16 mA drive.

LEDT DO LED Transmit. Active low, open drain with 16 mA drive.

LEDR DO LED Receive. Active low, open drain with 16 mA drive.

LEDC DO LED Collision. Active low, open drain with 16 mA drive. When Full Dupléx
mode is selected, this pin is always low.

POWER SUPPLY PINS

vDD 3 for /O pads (VDDIO), 2 for digitat core (VDDC); 1 for analog (VDDA); 1 for
transmit drivers (VDDT).

VSS 8 for I/O pads (VSSIO), 2 for digital core (VSSC); 1 for analog (VSSA); 1 for
transmit drivers (VSST).
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REGISTER DESCRIPTION
PLUG AND PLAY REGISTERS

Only three 8-bit ports are used by the software to access the Plug and Play registers. The Plug and Play
registers are accessed by first writing the address of the desired register to the ADDRESS port, followed
by a read of data from the RD_DATA port or a write of data to the WR_DATA port.

PORT NAME | LOCATION TYPE
ADDRESS 0x0279 (Printer status port) Write-only
WR_DATA Ox0A79 (0x0279 + 0x0800) Write-only
RD_DATA Relocatable in range 0x0203 to Ox03FF Read-only
PLUG AND PLAY REGISTER MAP
aopress | Br7 | Bre [ Brs | Bra | BiTs | BT2 | BT1 | BITO
0x00 RD_DATA_ADDR
0x01 ISOLATION
0x02 © | o | © | ©® | © |[rsT_CSN]|RST_ST |RST_LD
0x03 WAKE[CSN]
0x04 RESOURCE
0x05 © | oo ] o [ o | o | @ | © [rsr
0x06 CSN
0x07 LDN=0
0x08 - Ox2F 0
0x30 0 0 0 0 0 0 0 ACTV
0x31 0 0 0 0 0 0 IORNG_EN | 10RNG_V
0x32 - Ox3F 0
0x40 0 0 0 0 1 1 0 BDA2
0x41 BDA1 | BDAO 0 0 0 0 0 0
ox42 0) (0) () (0) () () M16=0 UL=0
- 0x43 1 1 1 1 1 1 1 1
0x44 BDSZ1 | BDSZ0 0 0 0 0 0 0
0x45 - Ox5F 0
0x60 I0A15 | 10A14 I0A13 I0A12 IOAT1 J0A10 IOA9 10A8
0x61 I0A7 | 1046 IOAS5 10A4 0 0 0 0
0x62 - Ox6F 0
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ADDRESS{ BIT7 BIT 6 BITS BIT 4 BIT3 BIT 2 BIT 1 BITO
0x70 (0) (0) (0) 0) IRQ3 IRQ2 IRQ1 IRQO
0x71 (0) 0) (0) (0) (0) (0) IRQ_LVL |IRQ_TYPE
0x72 {0) (0) 0) (0) 0 0 0 0
0x73 (0) (0) (0) (0) (0) (0) 0 0
0x74 0) (0) (0) (0) (0) 1 0 0
0x75 (0) (0) (0) (0) (0) 1 0 0
0x76 - OxA8 0]
OxAS - OxFF 0
* Please refer to TSC 78Q8377A Technical Reference Guide for a more detailed description of register
bits.
LEGEND:
TYPE DESCRIPTION
R Readable
\i Writable
0/1 Power up / reset default value

SERIAL EEPROM MAP

ADDRESS HIGH BYTE LOW BYTE DESCRIPTION
0 Bit 0: PnP_ACT PnP Activate Reg
1 PnPOx41 PnP0x40 Plug and Play
2 PnP0Ox44 Configuration
3 PnP0x61 PnPOx60 Register
4 PnP0x71 PnP0x70
5to 7 Reserved
8to 1F Eg: IEEE Address, Custom Configuration
BMR default setting, etc
20 Vendor EISA 1D Byte 1 Vendor EISA ID Byte 0
21 Vendor Assigned |ID Byte 1 Vendor Assigned D Byte 0 PnP
22 Serial Number Byte 1 Serial Number Byte 0 Serial
23 Serial Number Byte 3 Serial Number Byte 2 Identifier
24 Checksum
25 onwards PnP Resource Data
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PNP ACTIVATE REGISTER

Only bit 0 (PnP_ACT) is defined in this register. This bit fs provided to let the TSC 78Q8377A work in a non-
PnP environment by powering up active. It also allows the TSC 78Q8377A to participate in the boot process
in a non-PnP Bios system.

PNP CONFIGURATION REGISTER

The PnP configuration is also automatically read by the EEPROM logic and the values programmed into the
appropriate PnP registers. This becomes the default configuration for the chip in the absence of PnP protocol.
The configuration can only be changed through a "PnP protocol” utility.

CUSTOM CONFIGURATION

This space is allocated for custom configuration. The users may fill this space with defaults such as IEEE
address, BMR register settings, etc. The software driver is responsible for reading this space and programming
the appropriate registers (the TSC 78Q8377A EEPROM logic will not read this space).

PNP SERIAL IDENTIFIER
Once the Isolation state is entered, the EEPROM logic will start loading the PnP serial identifier. The PnP
serial identifier is loaded one word at a time after the serial isolation protocol has issued 16 pair of reads.

PNP RESOURCE DATA

Entering the Config state initiates the loading of the PnP resource data. After one word has been accumulated
from the EEPROM, the R_STAT (resource status) bit is set to one. It will be reset to zero again after two
reads from the RESOURCE register and the process repeats. If the Config state is entered from the Sleep
state without going through the Isolation state, the first read from the RESOURCE data will return the PnP
Serial Identifier data.
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REGISTER DESCRIPTION (continued)

APPENDIX

PLUG AND PLAY STATES
There are 4 PnP states defined in the Plug and Play Specification. They are:

. Wait for Key (W4K)

. Sleep (SLP)
. Isolation (ISO)
. Config (CFG)

Valid Commands and States

ADDRESS REGISTER NAME VALID ACCESS IN STATE
SLP ISO CFG

0x00 Read Data Address * * 1
0x01 Isolation *
0x02 Reset * * *
0x03 Wake * * *

0x04, 05 Resource *
0x06 CSN * * 1
0x07 LDN *
0x30 Activate *
0x31 /O Range Check *

Ox40-44, Memory, *

0x60, 61, 110,

0x70, 71 Interrupt

Note 1: The PnP Spec V1.0a does not include the CFG state in this register access.
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ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Operation beyond the maximum ratings may damage the device.

PARAMETER RATING
Supply voltage, Vdd -0.5 to 6.0V
Input voltage, Vin -0.5to Vdd + 0.5V ]
Output voltage, Vout -0.5to Vdd + 0.5V T
Storage temperature, Tstg -55 to 150°C ]
Lead temperature (max 10 sec soldering), Tl 250°C max ]
DC CHARACTERISTICS (Ta = 0 to 70°C, Vdd = 5V £5%) 3
PARAMETER CONDITIONS MIN NOM MAX UNIT
Low level input voltage Vi [ TTL inputs 0.8 \
OSCl pin 1.6 \'
Schmitt inputs T 1.1 \
High level input voltage Vin | TTL inputs 2.2 v
OSCl pin 3.8 v
Schmitt inputs 3.5 Vv
Pull down current (RESET pin) Ipd 13 50 WA
Low level output voltage Vou | Rated loL 0 0.4 \
High level output voltage Vo | Rated lon 2.4 vdd \
Low level output current lov | Pintypes O4, 104 4 mA
(with VoL = 0.4V) Pin type OD16 16 mA
Pin type 102 2 mA
Pin type OD24, OT24, 24 mA
1024
High level output current foH | Pintypes O4, 104 -4 mA
(with VoH = 2.4V) Pin type 102 -2 mA
Pin type OT24, 1024 -24 mA
Leakage current (input/output) I -10 10 MHA
Supply current idd | Fully active™ 60 mA
Idle 40 mA
Power down supply ipwrdn Osc. on 20 mA
current Osc. off 200 HA

Note: (1) Fully active means 3 “simultaneous” operations: transmitting, receiving (through twisted-pair port)

and either host write or read.
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ELECTF“CAL SPEC'F'CAT'ONS (continued)

AUl CHARACTERISTICS
(VDD =5V £ 5%, Vss = 0V, Ta = 0°C to +70°C)

PARAMETER CONDITIONS MIN NOM MAX UNIT

Low Output Voltage for DOP, DON | Rext =20 kQ Vdd -1.5 Vvdd -0.75 Vv

Vaol RL = 78Q

High Output Voltage for DOP, DON | Rext = 20 kQ Vdd -0.55 Vdd v
Vaoh | RL=78Q )

DOP, DON Output Current lao | Rext =20 kQ 8 14 mA

DIP, DIN, CIP, CIN Open Circuit 245 3.33 \

Input Voitage (bias) Valb

DIP, DIN, CIP, CIN Diff Squelch -300 -120 mv

Threshold Vasq

DOP, DON Diff Idle Output RL = 78Q -40 40 mv
Vadi v

DOP, DON Diff Peak Output Rext = 20 kQ 620 1100 mV
Vadv | RL=78Q

DOP, DON Output Resistance 75 Q

Rao
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TWISTED PAIR
(VDD =5V + 5%, Ta = 0°C to +70°C)
PARAMETER CONDITIONS MIN NOM MAX UNIT
TPIP, TPIN Diff Input Resistance 3 kQ
Rti
TPiP, TPIN Open Circuit Input 2.45 3.33 \
Voltage (bias) Viib
TPIP, TPIN Diff input Voltage -3.1 3.1 \
Range Viiv | VDD =5V
TPIP, TPIN Positive Squelched Note 1 300 585 my
Threshold Vips
TPIP, TPIN Negative Squeiched Note 1 -585 -300 mV
Threshold Vins
TPIP, TPIN Positive Unsquelched | Note 2 180 mV
Threshold Vipu
TPIP, TPIN Negative Unsquelched | Note 2 -180 mV
Threshold Vinu
TPIP, TPIN Positive Squelched | Note 1 120 300 mv
Threshold Long Distance Mode  Vitps
TPIP, TPIN Negative Squelched Note 1 -300 -120 mV
Threshold Long Distance Mode ~ Vitns
TPIP, TPIN Positive Unsquelched | Note 2 100 mV
Threshold Long Distance Mode ~ Vitpu
TPIP, TPIN Negative Unsqueiched | Note 2 -100 my
FThreshold Long Distance Mode  Vltnu
TPOP, TPON High Output Voltage Vddtp Vddtp \
Vioh | 1=32mA -0.44
| TPOP, TPON Low Output Voltage i Vsstp Vsstp v
Viol | 1=32mA +0.44
TPDP, TPDN High Voltage Vddtp Vddtp \
Vidh | I=16mA -0.44
TPDP, TPDN Low Voltage Vsstp Vsstp \
| Vidl 1=16 mA +0.44
TPDP, TPON Output Resistance  Rtd 27 Q
TPOP, TPON Qutput Resistance  Rto 13.5 Q

Note 1: Sine wave at 2 MHz, 5 MHz and 7 MHz
Note 2: Sine wave : 5 MHz < f <10 MHz

3-71



TSC 78Q8377A
10BaseT Ethernet Combo
for Plug and Play

SA, AEN —\ \
SBHE __ /
R |
Y 2
SD <15:0>
t
3
TRISTATH TRISTAT
IOCHRDY S E
Y4 tg
IOCS16 —1T— —
TRISTATE TRISTATE
SMEMR \
BDCS
FIGURE 2: Read Cycle

ELECTRICAL SPECIFICATIONS (continued)
TABLE 1: Read Cycle
PARAMETER CONDITIONS MIN NOM MAX UNIT
OR to SD<15:0> valid t, 45 ns
IOR to SD<15:0> tristate t, 8 ns
1OR to IOCHRDY not ready  t, 18 ns
SA, AEN to SBHE to IOCS16 t, 18 ns
Tristate to low
SA, AEN to IOCS16 t, 18 ns
low to Tristate
SMEMR to BDCS active t 25 ns
SMEMR to BDCS inactive  t, 25 ns
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4 ty
SA, AEN I
SBHE
SD <15:0>
ta ty
TOW
t
TRISTATE || TRISTATE
IOCHRDY ]\
<8 .
_ e ty
10CS16 4 /TRISTATE
TRISTATE ;
SMEMW V4
g | i
BDCS 1
|
FIGURE 3: Write Cycle
TABLE 2: Write Cycle
PARAMETER CONDITIONS MIN NOM MAX UNIT
SA, SBHE and AEN setup t, 15 ns
time to IOW low
Hold time of SA, SBHE t, 8 ns
and AEN after JOW high
Setup time of SD to IOW high  t, 25 ns
Hold time of SD to after [OW low t, 8 ns
IOW to IOCHRDY not ready  t, 18 ns
SA, AEN, SBHE to IOCS16 18 ns
low to Tristate
SA, AEN to IOCS16 t, 0 36 ns
Tristate to low
SMEMW to BDCS active ty 25 ns
SMEMW to BDCS inactive t 25 ns
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FIGURE 4: Serial Shift EEPROM Interface Read Timing
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FIGURE 5: Serial EEPROM Control Timing
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ELECTRICAL SPECIFICATIONS (continued)
TABLE 3: Serial EEPROM Control Timing

PARAMETER CONDITIONS MIN | NOM | MAX | UNIT
EESK High Time t, 790 800 ns
EESK Low Time t, 790 | 800 ns |
TEECS, EEDI From LEESK  t, o 15 15 | ns |
lEECS, EEDI t, -15 15 ns
From JEESK
EECS Low Time t 1600 ns |
EEDO Setup to TEESK t . 20 o ns

[ EEDO Hold From TEESK t, | " o | ns |

SD<15:0> { :)——

EESK (RCSH1),
EEDI (RCS0), Valid
EECS

FIGURE 6: EEPROM Write Timing

TABLE 4: EEPROM Write Timing

PARAMETER CONDITIONS MIN NOM MAX UNIT

[OW to EESK (RCS1), 1 30 ns
EEDI (RCS0), EECS valid

Note: The SD signal is for reference only.
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IOR
. [ ]\
SD<15:0> { }
Y b
EEDO Valid )

FIGURE 7: EEPROM Read Timing

ELECTRICAL SPECIFICATIONS (continued)

TABLE 5: EEPROM Read Timing

2

PARAMETER CONDITIONS MIN NOM | MAX | UNIT
EEDO valid to IOR t, 0 ns
OR to EEDO invalid t 0 ns

Note: The SD signal is for reference only.
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RESET

5, AEN valdaccess ////////11111711717

FIGURE 8: RESET Timing

TABLE 6: RESET Timing

PARAMETER CONDITIONS MIN | NOM | MAX | UNIT
RESET puise width t, 500 ns
RESET low fo first valid access  t, 800 ns

S
t

H

FIGURE 9: Skip Packet Timing

TABLE 7: Skip Packet Timing

PARAMETER CONDITIONS MIN | NOM | MAX | UNIT

Writing Skip Packet highto  t, 200 ns
next Buffer Memory Port read
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RA[0:15]

RCS6.1 /T

ROE /
la——1g —t

FIGURE 10: SRAM Read Timing

ELECTRICAL SPECIFICATIONS (continued)

TABLE 8: SRAM Read Timing

9

PARAMETER CONDITIONS MIN | NOM | MAX | UNIT
Read cycle t, RAMSP=1 95 ns |
RAMSP =0 145 ns
Address access tim;"mm t, RAMSP = 1 i 75 ns
RAMSP =0 125 ns
Address valid to RCS0,1 low t, 8 ns
RCSO0,1 high to address invalid t, - 0 ns
Chip select access time t RAMSP = 1 75 ns
RAMSP =0 125 ns
ROE high to RCS0,T high ts o 0 8 ns
Output enable access time t RAMSP = 1 50 ns
RAMSP =0 100 ns
Data hold time t, 0 “ ns
Address valid to ROE low t o | a0 ns

Note: Use SRAM with address access time of 75 ns or less for BAMSP = 1 and 125 ns or less for RAMSP = 0.

RAMSP is DLCR®6 <6>.
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FIGURE 11: SRAM Write Timing
TABLE 9: SRAM Write Timing
PARAMETER CONDITIONS MIN | NOM | MAX | UNIT
Write Cycle t, | RAMSP =1 95 ns

RAMSP=0 145 ns
Address Valid to RCS0,7 low 1, 8 ns
Address Valid to RWE high 1, | RAMSP = 1 70 ns |

RAMSP =0 120 ns
RCSO0,1 lowto RWE high  t, | RAMSP = 1 70 ns

RAMSP =0 120 ns
RCS0,1 high to Address Invalid t, 0 ns
RCS0,1 low to RWE low t 0 ns
RWE Pulse Width t, | RAMSP =1 70 ns

RAMSP =0 120 ns
RWE high to RCS0,T high  t, 0 ns
RWE high to Address Invalid t, 10 ns
Data Setup Time t, | RAMSP =1 40 ns

RAMSP =0 90 ns
Data Hold Time t, 20 ns

Note: Use SRAM with address access time of 75 ns or less for RAMSP = 1 and 125 ns or less for RAMSP = 0.
RAMSP is DL.CR6 <6>.
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Level interrupt: ) T =ty
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Edge Interrupt:
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FIGURE 12: Interrupt Timing

ELECTRICAL SPECIFICATIONS (continued)
TABLE 10: Interrupt Timing

PARAMETER CONDITIONS MIN NOM MAX UNIT
IRQ signal clearing delay t, | levelinterrupt 7 40 ns
IRQ low pulse width t, | edge interrupt 150 200 ns
1RQ high driving time t, | edge interrupt 150 200 ns
(VDD) 1 0 1 1 0 ! ! | (vDD;
S T e WY 0 W e O M
: |
DON (voD) { i / (voD)
P 1%
1 [} 1 1 1] :
(Lal:?;nmf; ﬂ ( \ / \ ty r%\;
o
| |
1

1 0 1 1 1 |
DOP/DON T [y o S—
{Last Bit=1) 4—11—F"<—t2—>:

FIGURE 13: Transmit Timing (AUI)
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TABLE 11: Transmit Timing (AUI)

PARAMETER CONDITIONS MIN | NOM | MAX | UNIT
DOP/DON

end-of-packet delimiter t, 200 ns
DOP/DON

line voltage transition t, 8 us

1 0

I pa Wiy
S e W o V0 o R

FIGURE 14: Transmit Timing (TP)

TABLE 12: Transmit Timing (TP)

PARAMETER CONDITIONS MIN | NOM MAX | UNIT
TPOP/TPON

end-of-packet delimiter t, 250 ns
TPDP/TPDN

end-of-packet delimiter t, 200 ns
TPOP to TPDP and TPON to

TPDN delay t 50 ns

3-81




TSC 78Q8377A
10BaseT Ethernet Combo
for Plug and Play

TPON
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t2
TPDN

| ry -

TX +/-
(After

Summation) Transmitted Link Pulse

Received Link Pulse

**\7_ 8 7—\_\#¥

| 1y
TPIPN — R

FIGURE 15: Link Test Timing

ELECTRICAL SPECIFICATIONS (continued)
TABLE 13: Link Test Timing

PARAMETER CONDITIONS MIN | NOM MAX | UNIT
TPOP link pulse width t, 150 ns
TPDP/TPDN link pulse width 1, 100 ns
Duration between transmitted  t, 9 11 ms
link pulses

Duration between received

link pulses t, 4.1 65 ms
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FIGURE 16: LED Timing

TABLE 14: LED Timing

PARAMETER CONDITIONS MIN |NOM MAX | UNIT
Transmit blink-on timing t, 100 ms
Receive blink-on timing t, 100 ms
Collision blink-on timing t, 100 ms

FIGURE 17: Oscillator Duty Cycle

TABLE 15: OSCI Duty Cycle

PARAMETER CONDITIONS MIN | NOM MAX | UNIT

Oscillator duty cycle t 40 50 60 %




TSC 78Q8377A
10BaseT Ethernet Combo
for Plug and Play

DIGITAL OUTPUT, I/O LOAD

L Fyooer
v

TTL INPUT WAVEFORM

i, SCTERL): i

DIP/DIN, CIP/CIN AND TPIP/TPIN
INPUT WAVEFORM

=\ ==_ _Vih=45V

DOP/DON OUTPUT LOAD
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FIGURE 18: Test Conditions
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PACKAGE PIN DESIGNATIONS
(Top View)

-y 3
RA1 1IN EYI I T oo oD T D 2eRERS Sr02 [T RO9
mo%z 01 [ RD10
vssia 3 100 [ RD1t
vbbio T+ 99 I RD12
oB1s T35 98 [T ARD13
oB14 s 97 [ RD14
obB1a 7 9 [T RD1S
DBz 8 95 [T vDOIO
vssio T 9¢ [J ACSH
o8y T ¢ 93 [TIRCSY
pB10 1 92 [T AOE
pBg ] 91 [ 1 AWE
oBa [T 1 %0 [ EECS
vesio T+ 80 [T71 vDDC
pBo 1 se []oscl
pB1 L1 87 [71 08GO
DBz 17 88 [ 1{EDC
oBa T e 8s [ [EDH
vssio T ts a4 [ 1TEDT
DBa [_j2¢ 83 [0 (EBL
pBs T2y 82 [_INC
DB {22 st [ RESET
pB7 22 80 [TT11sA
voDIo C2e 79 771 v8sSC
vssio (e 78 [low
NC ] 2¢ 77 10N
1oRDY (7] 27 76 [—1CIP
IR13 T 28 75 EJ CIN
R12 C28 7 [Z1TPIP
IR 3¢ 73 [ TPIN
1Ate (] 31 72 [Z1 VDDA
re L_Jaz 71 [ RBIAS
Rs T3 70 [Z71 VSSA
me (a4 69 [ DOP
wa s ©8 [__1 DON
vssc (] 3s &7 [Z1vDDT
ago [TJ37 &6 1 TPOP
A1 L2 3 3 % b&%EBE Y3 E TN

5 gergpzraecee %
898845553323333RBBEE
&
128-Lead QFP CAUTION: Use handling procedures necessary
NEC PC-98 Bus Mode for a static sensitive component.
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PACKAGE PIN DESIGNATIONS
(Top View)

iocste L 28
tocHRDY 27
IRois 28
1R T2
RO T30
rot0 ()31
e )32
iRas %
RGe T3¢
RQ3 (%
vssc s
sag 97

SAt [:&

128-Lead QFP
ISA Bus Mode

CAUTION: Use handling procedures necessary
for a static sensitive component.
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PART DESCRIPTION ORDER NUMBER
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