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VLSI TECHNOLOGY, INC.

VL16C552

DUAL ASYNCHRONOUS COMMUNICATIONS ELEMENT WITH FIFO

FEATURES
« IBM PC/AT®-compatible

« Two VL16C550 ACEs

« Enhanced Bidirectional Line Printer
Port

» 16 byte FIFO reduces CPU interrupts

« Independent control of transmit,
receive, line status and data set
interrupts on each channel

» Individual modem control signals for
each channel

« Programmable serial interface
characteristics for each channel:
~5-, 6-, 7- or 8-bit characters
— Even-, odd- or no-parity bit
generation and detection

-1, 1 1/2 or 2 stop bit generation

» Three-state TTL drive for the data and
control bus on each channel

» Hardware and software compatible
with VL16C452 and VL16C452B

DESCRIPTION

The VL16C552 is an enhanced dual-
channel version of the popular
VL16C550 asynchronous communi-
cations element (ACE). The device
serves two serial input/output interfaces
simultaneously in microcomputer- or
microprocessor-based systems. Each
channel performs serial-to-parallel
conversion on data characters received
from peripheral devices or modems, and
parallel-to-serial conversion on data
characters transmitted by the CPU. The
complete status of each channel of the
dual ACE can be read at any time during

functional operation by the CPU. The
information obtained includes the type
and condition of the transfer operations
being performed, and error conditions.

In addition to its duai communications
interface capabilities, the VL16C552
provides the user with a fully bidirec-
tional parallel data port that fully
supports the parallel Centronics type
printer. The parallel port, together with
the two serial ports, provide IBM PC/
AT- compatible computers with a single
device to serve the three system ports.

A programmable baud rate generator is
included that can divide the timing
reference clock input by a divisor
between 1 and (216—1 ).

The VL16C552 is housed in a
68-lead plastic leaded chip carrier.
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SIGNAL DESCRIPTIONS

Signal
Name

Pin
Number

Signal
Type

Signal
Description

PEMD

TRI

—-CS0 - -CS2

CLK
-DSRo, -DSR1

-RI0, -RI1

-DCDo,
-DCD1

-TXRDYO,
—TXRDY1

SOUTOo,
SOUT1

-DTRO, -DTR1

29,8

22,42

26, 10

25, 11

04

o7

o7

Printer Enhancement Mode - When active (high), the printer port bidirectional
capabiities are dependant on bit 5 of the Printer Control Register. When inactive
(low), the printer port is output only (PC/AT-compatible).

This pin is used to control the three-state control of all I/O and output pins. When
this pin is asserted, all I/O and outputs become high impedance, allowing board
level testers to drive the outputs without overdriving internal buffers. This pin is
level sensitive. This pin is pulled down with an internal resistor that is approxi-
mately 5 KQ, and is a CMOS input.

Chip Selects - Each input acts as an enable for the write and read signals for the
serial channels 0 (—CS0) and 1 (—-CS1). —CS2 enables the the signals to the line
printer port.

Clock Input - The external clock input to the baud rate divisor of each ACE.

Data Set Ready Inputs - The inverse state of the —-DSR pins is reflected in MSR(5)
of its associated Modem Status Register. DDSR [MSR(1)] indicates whether the
associated —DSR pin has changed state since the previous reading of the MSR.

Ring Indicator Inputs - The —RI signal is a modem control input whose condition is
tested by reading MSR(8) (RI) of each ACE. The Modem Status Register output
TERI [MSR(2)] indicates whether the —Rl input has changed from high to low since
the previous reading of the MSR.

Data Carrier Detect - —DCD is a modem input whose condition can be tested by
the CPU by reading MSR(7) (DCD) of the Modem Status Registers. MSR(3)
(DDCD) of the Modem Status Register indicates whether the —DCD input has
changed since the previous reading of the MSR. —DCD has no effect on the
receiver.

Transmitter Ready {(active low) - Two types of DMA signaling are available when
operating with the FIFO's enabled (FCRO equals 1). The mode select is controiled
by the status of FCR3.

Mode 0 - The —TXRDY signal will be active when in FIFO Mode 0 (FCR0=1,
FCR3=0) and the XMIT FIFO or XMIT holding register contain no characters.
When the first character is loaded into the holding register of the XMIT FIFO,
—TXRDY will go inactive (high). This mode is typically used when single transfer
DMA occurs.

Mode 1 - The —TXRDY pin will go active in FIFO Mode 1 (FCR0O=1, FCR3=1)
when there are no characters in the XMIT FIFO. When the XMIT FIFO is com-
pletely full, ~-TXRDY will go inactive. This mode is typically used when continual
multiple transfers that fill the FIFO are made.

NOTE: When the FIFO's are disabled, the VL16C552 is in VL16C450 mode. In
this mode, the UARTs mimic FIFO Mode 0, which allows for single DMA transfers
only.

Serial Data Outputs - These lines are the serial data outputs from the ACEs' trans-
mitter circuitry. A mark (1) is a logic "one" (high) and space (0) is a logic "zero"
(low). Each SOUT is held in the mark condition when the transmitter is disabled,
Reset is true, the Transmitter Register is empty, or when in the Loop Mode.

Data Terminal Ready Lines - Each DTR pin can be set (low) by writing a logic 1 to
MCR(0), Modem Control Register bit 0 of its associated ACE. This signalis
cleared (high) by writing a logic 0 to the DTR bit [MCR(0)] or whenever a reset
occurs. When active (low), the DTR pin indicates that its ACE is ready to receive
data.
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SIGNAL DESCRIPTIONS (Cont.)

Signal Pin Signal Signal
Name Number Type Description
—RTS0, -RTSt 24,12 o7 Request to Send Outputs - An —RTS pin is set low by writing a logic 1 to

MCR(1) bit 1 of its UART's Modem Controf Register. Both —RTS pins are
reset high by Reset. A low on the ~RTS pin indicates that its ACE has data
ready to transmit. In half duplex operations, ~RTS is used to control the
direction of the line.

~CTS0, -CTSH1 28, 13 I Clear to Send Inputs - The inverse state of each —CTS pin is reflected in the
CTS bit of the (MSR) Modem Status Register [CTS is bit 4 of the MSR,
written MSR (4)] of each ACE. A change of state in either —-CTS pin since
the previous reading of the associated MSR causes the setting of DCTS
[MSR(0)] of each Modem Status Register.

DB0-DB7 14-21 106 Data Bits DB0-DB7 - The Data Bus provides eight, three-state I/O lines for
the transfer of data, control and status information between the VL16C552
and the CPU. These lines are normally in a high-impedance state except
during read operations. DBO is the least significant bit (LSB) and is the first
serial data bit to be received or transmitted.

—RXRDYO0, 9, 61 04 Recsiver Ready (active-low) - Two types of DMA signaling are available
—-RXRDY1 when operating with the FIFO's enabled (FCRO = 1). The mode select is
controlled by the status of FCR3.

Mode 0 - The -RXRDY signal will be active when in FIFO Mode 0 (FCRO=1,
FCR3=0) and the RCVR FIFO or RCVR holding register contain at least one
character. When there are no more characters in the FIFO or holding
register, the -RXRDY pin will go inactive. This mode is typically used when
single transfer DMA occurs.

Mode 1 - The -RXRDY pin will go low in the FIFO Mode (FCRO=1) when the
FCR3 bit is high and the timeout or trigger levels have been reached. It will
go inactive when the FIFO or holding register is empty.

Mode 1 - The -RXRDY pin will go active in FIFO Mode 1 (FCR0=1, FCR3=1)
when the timeout or trigger levels have been reached. It will go inactive
when the FIFO or holding register is empty. This mode is typically used
when continual multiple transfers that fill the FIFO are made.

A0, A1, A2 35, 34,33 " Address Lines A0-A2 - The address lines select the internal registers during
CPU bus operations. See Table 1 for the decode of the serial channels,
Table 11 for the decode of the paralle! line printer port.

-Iow 36 b Input/Output Write Strobe - This is an active low input causing data from the
data bus to be input to either ACE or to the parallel port. The destination
depends upon the register selected by the address inputs A0, A1, A2 and
chip selects -CS0, -CS1 and ~CS2.

-IOR 37 H Input/Output Read Strobe - This is an active low input which enables the
: selected channel to output data to the data bus (DB0-DB7). The destination
depends upon the register selected by the address inputs A0, A1, A2 and
chip select -CS0, -CS1 and -CS2.

—-RESET 39 1 Reset - When low, the reset input forces the VL16C552 into an idle mode in
which all serial data activities are suspended. The Modem Control Register
(MCR) along with its associated outputs are cleared. The Line Status
Register (LSR) is cleared except for the THRE and TEMT bits, which are set.
All functions of the device remain in an idle state until programmed to
resume serial data activities.
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SIGNAL DESCRIPTIONS (cont.)

Signal
Name

Pin
Number

Signal
Type

Signal
Description

SINO, SIN1

—ENIRQ

BDO

INTO, INTH

PDO-PD7

-STB

—-AFD

=INIT

-SLIN

INT2

-ERR

SLCT

BUSY

PE

41, 62

43

44

45, 60

53-46

55

56

57

58

59

63

65

66

67

i1

o7

Os

105

04

04

04

04

05

Serial Data Inputs - The serial data inputs move information from the communica-
tion line or modem to the VL16C552 receiver circuits. A mark (1) is high, and a
space (0) is low. Data on serial data inputs is disabled when operating in the
Loop Mode.

Parallel port interrupt source mode selection. When negated (low), the AT mode
of interrupts is selected. In this mode, the —~ACK input is internally connected to
the PIRQ output. If the ~ENIRQ input is tied high, the interrupt source will be held
in a latched state until the Status Register is read which will then reset the PIRQ
output.

Bus Buffer Output - This active high output is asserted when either serial channel
or the parallel port is read. This output can be used to control the system bus
driver (74L.5245).

Serial Channel Interrupts - Each three-state, serial channel interrupt output
(enabled by bit 3 of the MCR) goes active (high) when one of the following
interrupts has an active (high) condition and is enabled by the Interrupt Enable
Register of its associated channel: Receiver Error flag, Received Data Available,
Transmitter Holding Register Empty, and Modem Status. The interrupt is reset
low upon appropriate service. Upon reset, the interrupt output will be in the high
impedance state.

Parallel Data Bits (0-7) - These eight lines provide a byte-wide input or output port
to the system. They are held in a high-impedance state when PEMD is held in
the high state.

Printer Command Data Strobe - This signal is the inversion of bit 0 of the LPT
Port Control Register. When LPTPC [0]=0, —STB is high. When LPTPCI[0]=1,
~STB is low.

Printer Command Autofeed - This signal is the inversion of bit 1 of the LPT Port
Control Register. When LPTPC[1]=0, —~AFD is high. When LPTPC[1]=1, -AFD is
low.

Printer Command Initialize - This signal follows bit 2 of the LPT Port Control
Register. When LPTPC[2]=0, —INIT is low. When LPTPC[2]=1, —INIT is high.

Printer Command Select - This signal is the inversion of bit 3 of the LPT Port
Control Register. When LPTPC[3]=0, —~SLIN is high. When LPTPC[3]=1, -SLIN
is low.

Printer Port Interrupt - This signal is an active high, three-state output, generated
by the positive transition of —~ACK. I is enabled by bit 4 of the Write Controi
Register. Upon a reset, the interrupt output will be in the high impedance state.

Printer Status Error - The status of this signal can be determined by reading bit 3
of the LPT Port Status Register. The LPTSR[3] signal follows the state of the
—ERR pin.

Printer Status Select - The status of this signal can be determined by reading bit 4
of the LPT Port Status Register. The LPTSR[4] signal follows the state of the
SLCT pin.

Printer Status Busy - The status of this signal can be determined by reading bit 7
of the LPT Port Status Register. The LPTSR[7] signal is the inversion of the
BUSY pin.

Printer Status Paper Empty - The status of this signal can be determined by
reading bit 5 of the LPT Port Status Register. The LPTSR[5] signat follows the
state of the PE pin.
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SIGNAL DESCRIPTIONS (cont.)

Signal Pin Signal Signal

Name Number Type Description

—-ACK €8 13 Printer Status Acknowledge - The status of this signal can be determined by
reading bit 6 of the LPT Port Status Register. If bit 4 of the LPT Port Control
Register is a 1, a low to high transition of —~ACK will generate an interrupt.

VDD 23, 40, 64 Power Supply - The power supply requirement is 5 V +5%.

VS§S 7,27, 54 Ground (0 V) - All pins must be tied to ground for proper operation.

TEST MODE PINS:

The three test modes which are supported by the VL16C552 are:
Meode

In-Circuit

Three-State

Each of these test modes are selected by driving a combination of pins into the desired mode.

Descript

The In-Circuit Test mods is selected when ~IOW and —IOR are simultaneously taken low when DB1 is
low, DBO is high and TRl is high. This mode is normally used to confirm that the VL16C552 has been

physically attached to the printed circuit board.

The Three-State Test mode is entered when the TRl input is taken high. This mode is used to control the
three-state control of all IO and output pins. When this mode is selected, all /O and outputs become
high impendance, allowing board level testers to drive the outputs without overdriving internal buffers.

SIGNAL TYPE LEGEND

No mA Type Comments

O1 10 TTL

02 24 TTL

03 10 TTL-OD Open drain (collector)

04 23 TTL-ODP Open drain with 1-5 kQ pull-up
05 20 TTL-TS Three-statable

06 24 TTL-TS Three-statable

o7 2 TTL-TS Three-statable

" - TTL

2 - CMOS

I3 - TTL With 20 kQ pull-up resistor

14 - CMOS With 1-5 kQ pull-down resistor
101 10 TTL-TS Bidirectional, three-statable
102 24 TTL-TS Bidirectional, three-statable
103 10 TTL-OD Bidirectional, open drain

104 24 TTL-OD Bidirectional, open drain

105 12 TTL-TSP Bidirectional, three-statable
106 4 TTL-TS Bidirectional, three-statable
OsC - XTAL-OSC Crystal oscillator pad
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ICT INPUT ICT QUTPUT
Pin Signal Type Pin Signal Type
1 PEMD I 18 DB4 1o
3 ~CS1 | 61 -RXRDY1 o)
15 DB1 e}
4 CLK | 53 PDO I’O
5 -DSR1 1 12 -RTS1 o)
6 -R1 | 60 INT1 O
8 -DCD1 I 10 SOUT1 o)
42 -TXRDY1 O
13 -CTS1 1 11 -DTR1 0]
28 —CTS0O i 24 -RTS0 O
29 -DCDo | 26 SOuUTo o}
30 —Rio | 47 PD6 VO
45 INTO o)
31 -DSRo | 25 -DTRoO O
32 -CS0 | 20 DBé /O
22 -TXRDYO O
35 A0 1 50 PD3 o
34 Al ! 51 PD2 o
33 A2 | 52 PD1 o
36 -low i 49 PD4 o
46 PD7 Vo
37 -IOR | 19 DBs o
44 BDO |
38 -CS2 | 16 DB2 lle}
48 PD5 /0]
41 SINO | 21 DB7 e}
9 ~RXRDY0 0]
43 -ENIRQ 1 17 DB3 e}
62 SINT1 I 14 DBo Vo
63 -ERR | 57 —INIT 0]
65 SLCT I 56 —-AFD o)
66 BUSY 1 55 -ST8B 0
67 PE | 58 —SLIN O
68 —ACK i 59 INT2 o)
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The following pins are not mapped:

Pin Signal Type

7 VSS Power connection

27 VSS Power connection

54 VSS Power connection

23 vDD Power connection

40 VDD Power connection

64 vDD Power connection

2 TRI Used to enter ICT mode

39 —-RESET Used to exit ICT mode

4 CLK Clock pin
REGISTERS

Three types of internal registers are
used in the ACE (Control, Status and
Data). The control registers are the Bit
Rate Select Register DLL (Divisor
Latch LSB) and DLM (Divisor Latch
MSB), Line Control Register, Interrupt
Enable Register, FIFO Control Register
and the Modem Control Register. The
status registers are the Line Status
Registers and the Modem Status
Register. The data registers are the
Receiver Buffer Register and the
Transmitter Holding Register. The
Address, Read, and Write inputs are
used in conjunction with the Divisor
Latch Access Bit in the Line Control
Register [LCR(7)] to select the register

to be written or read (see Table 1).
Individual bits within these registers are
referred to by the register mnemonic
and the bit number in parenthesis. As
an example, LCR(7) refers to Line
Control Register Bit 7.

The Transmitter Buffer Register and
Receiver Buffer Register are data
registers that hold from five to eight bits
of data. If less than eight data bits are
transmitted, data is right justified to the
LSB. Bit 0 of a data word is always the
first serial data bit received and
transmitted. The ACE data registers
are double-buffered so that read and
write operations may be performed
when the ACE is performing the

parallel-to-serial or serial-to-paralle!
conversion.

LINE CONTROL REGISTER

The format of the data character is
controlled by the Line Control Register.
The LCR may be read. Its contents are
described below and shown in Figure 1.

LCR(0) and LCR(1) Word Length Select
bit 1: The number of bits in each serial
character is programmed as shown in
Figure 1.

LCR(2) Stop Bit Select: LCR(2)
specifies the number of stop bits in
each transmitted character. See Figure
1. The receiver always checks for one
stop bit.

TABLE 1. SERIAL CHANNEL INTERNAL REGISTERS

DLAB A2 At AO Mnemonic Register
0 0 0 0 RBR Receiver Buffer Register (read only)
0 0 0 0 THR Transmitter Holding Register (write only)
] 0 0 1 IER Interrupt Enable Register
X 0 1 0 IR Interrupt Identification Register (read only)
X 0 1 0 FCR FIFO Control Register (write only)
X 0 1 1 LCR Line Control Register
X 1 0 0 MCR Modem Control Register
X 1 0 1 LSR Line Status Register
X 1 1 0 MSR Modem Status Register
X 1 1 1 SCR Scratch Register
1 0 0 0 DLL Divisor Latch (LSB)
1 0 0 1 DLM Divisor Latch (MSB)
X ="Don't Care” 0 = Logic Low 1 = Logic High

7
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FIGURE 1. LINE CONTROL REGISTER

2 Stop Bits if 6, 7, 8 Data Bits Selected

LCR|LCR|LCR|LCR|LCR|LCR|LCR{LCR
7 6 5 4 3 2 1 0
0 0 = 5DataBits
Word 0 1 = 6 DataBits
s length 1 0 = 7 DataBits
Select 1 {1 = 8 DataBits
» Stop 0 = 1 Stop Bit
Bit Select 1 = 1.5 Stop Bits if 5 Data Bits Selected
Parity = Parity Disabled
Enable 1 Parity Enabled
Even 0 = Odd Parity
® Parity 1 = Even Parity
Select
» Stick 0 = Stick Parity Disabled
Parity 1 = Stick Parity Enabled
Break 0 = Break Disabled
Control 1 = Break Enabled
Divisor 0 = Access Receiver Buffer
>Latch 1 = Access Divisor Latches
Access
Bit

LCR(3) Parity Enable: When LCR(3) is
high, a parity bit between the last data
word bit and stop bit is generated and
checked.

LCR(4) Even Parity Select: When
enabled a one selects even parity.

LCR(5) Stick Parity: When parity is
enabled [LCR(3)=1], LCR(5)=1 causes
the transmission and reception of a
parity bit to be in the opposite state from
the value of LCR(4). This forces parity
to a known state and allows the receiver
to check the parity bit in a known state.

LCR(6) Break Control: When LCR(6) is
set to a logic 1, the serial output
(SOUT) is forced to the spacing (logic
0) state. The Break Control bit acts
only on SOUT and does not effect the
transmitter logic. If the following
sequence is used, no invalid characters
will be transmitted because of the
break.

1. Load all "0"s pad character in
response to THRE.

2. Set the break in response to the next
THRE.

3. Wait for the transmitter to be idle
(TEMT=1), then clear the break
when the normal transmission has to
be restored.

LCR(7) Divisor Latch Access Bit
{DLAB); LCR(7) must be set high (logic
1) to access the Divisor Latches DLL
and DLM of the Baud Rate Generator
during a read or write operation.

LCR(7) must be input low (logic 0) to
access the Receiver Buffer, the
Transmitter Holding, or the Interrupt
Enable Registers.

LINE STATUS REGISTER

The Line Status Register (LSR) is a
single register that provides status
indications.

The Line Status Register shown in
Table 2 is described as follows:

LSR(0) Data Ready (DR): Data Ready
(DRY) bit indicates that the RBR, or
FIFO, has been loaded with a received

character (including Break) and that the
CPU may access this data. This bit is
set low by a read of the RBR when in
VL16C450 Mode or FIFO Mode 0.
When in FIFO Mode 1, this bit is not set
low until the last byte is read (read
RBR) from the FIFO.

LSR(1) Overrun Error (OE): Overrun
Error indicates that data in the Receiver
Buffer Register was not read by the
CPU before the next character was
transferred into the Receiver Buffer
Register, overwriting the previous
character. The OE indicator is reset
whenever the CPU reads the contents
of the Line Status Register.

An overrun error will occur in the FIFO
Mcde after the FIFO is full and the next
character is completely received. The
overrun error is detected by the CPU on
the first LSR read after it happens. The
character in the shift register is not
transferred to the FIFO but it is overwrit-
ten.

8
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TABLE 2. LINE STATUS REGISTER BITS

LSR BITS 1 0

LSR(0) Data Ready (DR) Ready Not Ready
LSR(1) Overrun Error (OE) Error No Error

LSR(2) Parity Error (PE) Error No Error

LSR(3) Framing Error (FE) Error No Error

LSR(4) Break Interrupt (Bl) Break No Break
LSR(5) Transmitter Holding Register Empty (THRE)| Empty Not Empty
LSR(6) Transmitter Empty (TEMT) Empty Not Empty
LSR(7) RCVR FIFO Error Error in FIFO| No Error in FIFO

LSR(2) Parity Error (PE): Parity Error
indicates that the received data charac-
ter does not have the correct parity, as
selected by LCR(3) and LCR(4). The
PE bit is set high upon detection of a
parity error, and is reset low when the
CPU reads the contents of the LSR.

In the FIFO Mode, the Parity Error is
associated with a particular character in
the FIFO. LSR(2) reflects the error
when the character is at the top of the
FIFO.

LSR(3) Framing Error (FE): Framing
Error indicates that the received charac-
ter did not have a valid stop bit. LSR(3)
is set high when the stop bit following
the last data bit or parity bit is detected
as a zero bit (spacing level). The FE
indicator is reset low when the CPU
reads the contents of the LSR. In the
FIFO Mode, the Framing Error is
associated with a particular character in
the FIFO. LSR(3) reflects the error
when the character is at the top of the
FIFO.

LSR(4) Break Interrupt (Bl): Break
Interrupt is set high when the received
data input is held in the spacing (logic
0) state for a full word transmission time
(start bit + data bits + parity + stop bits).
The Bl indicator is reset when the CPU
reads the contents of the Line Status
Register.

In the FIFO Mode this is associated
with a particular character in the FIFO.
LSR(4) reflects the Bl when the break
character is at the top of the FIFO. The
error is detected by the CPU when its
associated character is at the op of the
FIFQ during the first LSR read. Only

one zero character is loaded into the
FIFO when Bl occurs.

LSR(1)-LSR(4) are the error conditions
that produce a Receiver Line Status
interrupt [priority 1 interrupt in the
Interrupt Identification Register (1IR)]
when any of the conditions are detected.
This interrupt is enabled by setting
IER(2)=1 in the Interrupt Enable Regis-
ter.

LSR(5) Transmitter Holding Register
Empty (THRE): THRE indicates that
the ACE is ready to accept a new
character for transmission. The THRE
bit is set high when a character is
transferred from the Transmitter Holding
Register into the Transmitter Shift
Register. LSR(5) is reset low by the
loading of the Transmitter Holding
Register by the CPU. LSR(5) is not
reset by a CPU read of the LSR. In the
FIFO Mode when the XMIT FIFO is
empty this bit is set. Itis cleared when
one byte is written to the XMIT FIFO.

When the THRE interrupt is enabled
IER(1), THRE causes a priority 3
interrupt in the IIR. If THRE is the
interrupt source indicated in lIR,
INTRPT is cleared by a read of the IIR.

LSR(6) Transmitter Empty (TEMT):
TEMT is set high when the Transmitter
Hoiding Register (THR) and the
Transmitter Shift Register (TSR) are
both empty. LSR(6) is reset low when a
character is loaded into the THR and
remains low until the character is
transferred out of SOUT. TEMT is not
reset low by a CPU read of the LSR. In
the FIFO Mode, when both the transmit-
ter FIFO and shift register are empty
this bit is set to one.

LSR(7) This bit is always O in the
VL16C450 Mode. In FIFO Mode, it is
set when at least one of the following
data errors is in the FIFO: Parity Error,
Framing Error or Break Interrupt
indication.

Note: The Line Status Register may be
written. However, this function is
intended only for factory test. It should
be considered Read Only by applica-
tions software.

FIFO CONTROL REGISTER

This write only register is at the same
location as the IIR. It is used to enable
and clear the FIFOs, set the trigger
level of the RCVR FIFO, and select the
type of DMA signaling.

FCR(0) FIFO Enable: FCR(0) enables
both the XMIT and RCVR FIFOs.
Programming of other FCR bits is
enabled by setting FCR(0) to a one.
The FIFO's operate in VL16C450 Mode
when FCR(0) is zero. All bytes in both
FiFOs can be cleared automatically
from the FIFOs when changing from
FIFO Mode [FCR(0) is one] to
VL16C450 Mode and vice versa.

FCR(1) RCVR FIFO Reset: This bit
clears all bytes in the RCVR FIFO and
resets the counter logic to 0 when it is
setto aone. It does not clear the
receive shift register.

FCR(2) XMIT FIFO Reset: This bit
clears all bytes in the XMIT FIFO and
resets the counter logic to 0 when it is
set to a one. This does not clear the
transmit shift register.

FCR(3) DMA Mode Select: This bit
controls the method of DMA signaling
that will be used. If FCR(3) is a one,
the part will operate in Mode 1. It will
be in Mode 0 if FCR(3) is 0. These
modes are only valid if FCR(0) is a one,
and it directly affects the operation of
the —-RXRDY and —-TXRDY pins.

FCR(4) - FCR(5): These two bits are
reserved for future use.

FCR(6) - FCR(7): These two bits are
used for setting the trigger level for the
RCVR FIFO interrupt.

FCR FCRH RCVR FIFOQ
7 6 | Trigger Level {Bytes)
0 01
0 1 04
1 0 08
1 1 14

9
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FIGURE 2. MODEM CONTROL REGISTER

MCR|MCR|MCR|MCR|MCR|MCR|MCR|MCR
7 6 5 4 3 2 1 0

L ]

Data 0 = -DTR Output High (Inactive)
——» Terminal 1 = —DTR Output Low (Active)
Ready
. Request 0 = —RTS Output High (Inactive)
ToSend 1 = —-RTS Output Low (Active)
————————— OUTt 0 = ~OUT1 Output High
1 = ~OUT1 Output Low
» OUT2 0 = —OUT2 Output High
1 = ~OUT2 Output Low
» LOOP 0 = LOOP Disabled
1 = LOOP Enabled

—p Bits are Set to Logic "0".

MODEM CONTROL REGISTER

The Modem Control Register (MCR)
controls the interface with the modem or
data set as described in Figure 2. MCR
can be written and read. The —RTS and
~DTR outputs are directly controlled by
their control bits in this register. A high
input asserts a low (true) at the output
pins. MCRBIits 0, 1, 2, 3, and 4 are
shown below:

MCR(0): When MCR(0) is set high, the
—DTR output is forced low. When
MCR(0) is reset low, the -DTR output is
forced high. The —DTR output of the
serial channel may be input into an
inverting line driver in order to obtain
the proper polarity input at the modem
or data set.

MCR(1): When MCR(1) is set high, the
~RTS output is forced low. When
MCR(1) is reset low, the —RTS output is
forced high. The —RTS output of the
serial channel may be input into an
inverting line driver in order to obtain
the proper polarity input at the modem
or data set.

MCR(2): When MCR (2) is set high
~OUT1 is forced low. This is only seen
in loopback mode.

MCR(3): When MCR(3) is set high, the
~OUT2 output is forced low.

MCR(4): MCR(4) provides a local

loopback feature for diagnostic testing
of the channel. When MCR(4) is set

high, Serial Output (SOUT) is set to the
marking (logic 1) state, and the receiver
data input Serial Input (SIN) is discon-
nected. The output of the Transmitter
Shift Register is looped back into the
Recesiver Shift Register input. The four
modem control inputs (-CTS, -DSR,
~DCD, and —RI) are disconnected. The
four modem control register bits (DTR,
RTS, OUT1 and OUT2) are internally
connected to (in order) MSR(5),
MSR(4), MSR(6), MSR(7). The modem
control output pins are forced to their
inactive state (high) on the VL16C552,

In the diagnostic mode, data transmitted
is immediately received. This allows
the processor to verify the transmit and
receive data paths of the selected serial
channel.

Interrupt control is fully operational.
However, interrupts are generated by
controlling the lower four MCR bits
internally. Interrupts are not generated
by activity on the external pins repre-
sented by those four bits.

Bits MCR(5)-MCR(7) are permanently
set to logic 0.

MODEM STATUS REGISTER

The MSR provides the CPU with status
of the modem input lines from the
modem or peripheral devices. The
MSR allows the CPU to read the serial
channel modem signal inputs by
accessing the data bus interface of the
ACE in addition to the current status

information, four bits of the MSR
indicate whether the modem inputs
have changed since the last reading of
the MSR. The delta status bits are set
high when a control input from the
modem changes state, and reset low
when the CPU reads the MSR.

The modem input lines are ~CTS,
-DSR, -RI, and -DCD. MSR(4)-
MSR(7) are status indications of these
lines. A status bit = 1 indicates the
input is a low. A status bit = 0 indicates
the input is high. If the modem status
interrupt in the Interrupt Enable Register
is enabled [IER(3)}, an interrupt is
generated whenever MSR(0)-MSR(3) is
setto aone. The MSR is a priority 4
interrupt. The contents of the Modem
Status Register are described in

Table 3.

MSR(0) Deita Clear to Send (DCTS):
DCTS displays that the —CTS input to
the serial channel has changed state
since it was last read by the CPU.

MSR(1) Delta Data Set Ready (DDSR):
DDSR indicates that the ~-DSR input to
the serial channel has changed state
since the last time it was read by the
CPU.

MSR(2) Trailing Edge of Ring Indicator
(TERI): TERI indicates that the —RI
input to the serial channel has changed
state from low to high since the last time
it was read by the CPU. High to low
transitions on —R! do not activate TERI.

10
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TABLE 3. MODEM STATUS REGISTER BITS

MSR Bit Mnemonic Description

MSR(0) DCTS Detlta Ciear To Send

MSR(1) DDSR Delta Data Set Ready

MSR(2) TERI Trailing Edge of Ring Indicator
MSR(3) DDCD Delta Data Carrier Detect
MSR(4) -CTS Clear To Send

MSR(5) -DSR Data Set Ready

MSR(6) -RI Ring Indicator

MSR(7) ~-DCD Data Carrier Detect

MSR(3) Delta Data Carrier Detect
(DDCD): DDCD indicates that the
—~DCD input to the serial channel has
changed state since the last time it was
read by the CPU.

MSR(4) Clear to Send (CTS): CTS is
the complement of the —CTS input from
the modem indicating to the serial
channel that the modem is ready to
receive data from the serial channel's
transmitter output (SOUT). {f the serial
channel is in Loop Mode [(MCR(4)=1},
MSR(4) reflects the value of RTS in the
MCR.

MSR(5) Data Set Ready (DSR): DSR is
the complement of the —DSR input from
the modem to the serial channel which
indicates that the modem is ready to
provide received data to the serial
channel receiver circuitry. If the
channel is in the Loop Mode
[MCR(4)=1], MSR(5) reflects the value
of DTR in the MCR.

MSR(6) Ring Indicator (RI): Rl is the
complement of the —Rl input (pin 39). if
the channael is in the Loop Mode
(MCR(4)=1), MSR(6) reflects the value
of -OUT1 in the MCR.

MSR(7) Data Carrier Detect (DCD):
Data Carrier Detect indicates the status
of the Data Carrier Detect (-DCD) input.
If the channel is in the Loop Mode
(MCR(4)=1), MSR(7) reflects the value
of —OUT2 in the MCR.

Reading the MSR register will clear the
delta modem status indications but has
no effect on the other status bits.

For LSR and MSR, the setting of status
bits is inhibited during status register
read operations. If a status condition is

generated during a read —lIOR opera-
tion, the status bit is not set until the
trailing edge of the read.

If a status bit is set during a read
operation, and the same status condi-
tion occurs, that status bit will be cleared
at the trailing edge of the read instead of
being set again.

Note: In Loop Back Mode, when
Modem Status interrupts are enabled,
the —CTS, —DSR, —RIl and —-DCD input
pins are ignored. However, a Modem
Status interrupt may still be generated
by writing to MSR7-MSR4. This is
considered a test mode only. Applica-
tions software should not write to the
Modem Status register.

DIVISOR LATCHES

The ACE serial channel contains a
programmabie Baud Rate Generator
(BRG) that divides the clock (DC to 8
MHz) by any divisor from 1 to 2'®"(see
also BRG description). The output of
the Baud Rate Generator is referrred to
as RCLK. The frequency of RCLK is
16X the data rate. The desired divisor
number is reached through use of the
following equation:

DIVISOR#=Clock/(Baud Rate x 16) or
DIVISOR#=Clock/(Data Rate)

Two 8-bit divisor latch registers store the
divisor in a 16-bit binary format. These
Divisor Latch registers must be loaded
during initialization. Upon loading either
of the Divisor Latches, a 16-bit baud
counter is immediately loaded. This
prevents long counts on initial load.

The BRG can use any of three different
popular frequencies to provide standard
baud rates. These frequencies are
1.8432 MHz, 3.072 MHz, and 8 MHz.

With these frequencies, standard bit
rates from 50 to 512K bps are available.
Tables 5, 6 and 7 illustrate the divisors
needed to obtain standard rates using
these three frequencies.

SCRATCHPAD REGISTER
Scratchpad Register is an 8-bit Read/
Write register that has no effect on either
channel in the ACE. [t is intended to
be used by the programmer to hold data
temporarily.

INTERRUPT IDENTIFICATION
REGISTER

In order to minimize software overhead
during data character transfers, the
serial channel prioritizes interrupts into
four levels. The four levels of interrupt
conditions are as follows:

1. Receiver Line Status {priority 1)

2. Received Data Ready (priority 2) or
character timeout

3. Transmitter Holding Register Empty
(priority 3)
4. Modem Status (priority 4)

Information indicating that a prioritized
interrupt is pending and the type of
interrupt is stored in the Interrupt
Identification Register (lIR). The IIR
indicates the highest priority interrupt
pending. The contents of the IR are
indicated in Table 4 and are described
below:

IR(0) can be used to indicate whether
an interrupt is pending. When IIR(0) is
low, an interrupt is pending.

IIR(1) and IIR(2) are used to identify the
highest priority interrupt pending as
indicated in Table 4.

HR(3): This bit is always logic 0 when in
the VL16C450 Mode. This bit is set
along with bit 2 when in the FIFO Mode
and a trigger change leval interrupt is
pending.

IR(4)-1IR(5): These two bits are always
logic 0.

lIR(6)-1IR(7): FCR(0)=1 sets these two
bits.

INTERRUPT ENABLE REGISTER
The Interrupt Enable Register (IER) is
used to independently enable the four
serial channel interrupt sources which
activate the interrupt (INT) output. All
interrupts are disabled by resetting

11
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IER(0)-IER(3) of the Interrupt Enable
Register. Interrupts are enabled by
setting the appropriate bits of the IER
high. Disabling the interrupt system
inhibits the Interrupt Identification
Register and the active (high) INT
output. All other system functions
operate in their normal manner,
including the setting of the Line Status
and Modem Status Registers. The
contents of the Interrupt Enable
Register is described in Table 9 and
below:

IER(0): When set to one, IER(0)
enables the Received Data Available
interrupt and the timeout interrupts in
the FIFO Mode.

IER(1): When set to one, IER(1)

enables the Transmitter Holding
Register Empty interrupt.

IER(2): When set to one IER(2)
enables the Receiver Line Status
interrupt.

IER(3): When set to one, IER(3)
enables the Modem Status Interrupt.

IER(4)-IER(7): These four bits of the
|IER are logic 0.

MASTER RESET
After power up, the ACE —RESET input
should be held low for five microsec-

onds to reset the ACE circuits to an idle
mode until initialization. A low on
—RESET causes the following:

1. Initializes the transmitter and
receiver internal clock counters.

2. Clears the Line Status Register
(LSR), except for Transmitter Shift
Register Empty (TEMT) and
Transmit Holding Register Empty
(THRE), which are set. The Modem
Control Register (MCR) is also
cleared. All of the discrete lines,
memory elements and miscellane-
ous logic associated with these
register bits are also cleared or
turned off. The Line Control
Register (LCR), Divisor Latches,
Receiver Buffer Register, Transmit-
ter Buffer Register are not effected.

Following the removal of the reset con-
dition (reset low), the ACE remains in
the idle mode until programmed.

A hardware reset of the ACE sets the
THRE and TEMT status bit in the LSR.
When interrupts are subsequently
enabled, an interrupt occurs due to
THRE.

A summary of the effect of a reset on
the ACE is given in Table 8.

PROGRAMMING

The serial channel of the ACE is
programmed by the controi registers
LCR, IER, DLL and DLM, MCR and
FCR. These control words define the
character length, number of stop bits,
parity, baud rate, and modem interface.

While the control register can be written
in any order, the IER should be written
last because it controls the interrupt
enables. Once the serial channel is
programmed and operational, these
registers can be updated any time the
ACE serial channel is not transmitting or
receiving data.

FIFO INTERRUPT MODE OPERATION
The following RCVR interrupts will
occur when the RCVR FIFO and
receive interrupts are enabled. Allinter-
rupts reflect the byte at the top of the
FIFO. The interrupt descriptions are in
order of their priority. (The first descrip-
tion is the highest priority.)

1. 1IR = 01 indicates that there are no
interrupts pending.

2. lIR=06 (Receive Line Status Inter-
rupt) indicates that the byte at the
top of the FIFO has some sort of
error in it (OE, PE, FE, or BI). This
interrupt is cleared by reading the
LSR. Reading the LSR also tells the

TABLE 4. INTERRUPT IDENTIFICATION REGISTER
FIFO Interrupt .
Mode Identification Interrupt Set and Reset Functions
Only Register
Priority
Bit3 | Bit2 | Bit1| Bit0 | Level | InterruptType Interrupt Source Interrupt Reset Control
0 0 0 1 - None None -
0 1 1 0 First Receiver Line Status OE, PE, FE or Bl LSR Read
0 1 0 0 Second | Received Data Receiver Data Available for 450 or 550 RBR Read or FIFO
Available mode, or Trigger Level Reached for FIFO Drops Below the Trigger
mode. Level
1 1 0 0 Second | Trigger Change Level | Minimum of One Character in the RCVR FIFO | RBR Read
Indication and No Character Input or Removed During a
Time Period Depending on How Many
Characters are in FIFO and What the Trigger
Level is Set at (3.5 to 4.5 character times*.)
* The exact time will be [(word
length) x 7 ~ 2] x 8 + [{trigger level — number
of characters) x 8 +1] RCLKS.
0 0 1 0 Third THRE THRE Read of IIR or THR Write
0 0 0 0 Fourth Modem Status —CTS, -DSR, -Rl or -DCD MSR Read

12



® VLSI TECHNOLOGY, INC.

VL16C552

user which one of the errors is in
that byte.

3. The IIR will equal an 04 when
received data is available in the
RCVR FIFO. In Mode 0, this occurs
when a complete character is
transferred from the receiver shift
register to the RCVR FIFO. In Mode
1, the Receiver FIFO must be filled
at or above the trigger level with
data. This interrupt is cleared by
reading the data from the RBR, until
it either is empty (Mode 0) or the
amount of data in it is less than the
trigger level (Mode 1). The LSR(0)
bit, when it is 1, says that the data in
the top byte in the RCVR FIFO is
available. When the FIFO is
emptied by reading the Receive
Buffer Register, LSR(0) is resetto a
zero.

The Trigger Level Change interrupt
(IIR = 0C) description is found in the
following section. It has the same
priority as the Receiver Data
Available Interrupt (IIR = 04).

A. If the following conditions exist, a
FIFO Trigger Change Level
Interrupt will occur.

- Minimum of one character in
FIFO

- Last received serial character
was longer than 3.5t0 4.5
continuous previous character
times. (if two stop bits are
programmed, the second one
is included in the time delay.)
Once 3.5 character times have
been met and no accesses
have been made to the FIFO,
the trigger level matches the
number of FIFO characters,
the trigger change level inter-
rupt will be returned to its
original programmed value.

- The tast CPU read of the FIFO
was more than 3.5 to 4.5 con-
tinuous character times ago. At
300 baud and 12-bit charac-
ters, the FIFO timeout interrupt
causes a latency of 160 ms
maximum from received char-
acter to interrupt issued.

B. By using the RCLK input for a
clock signal the character times
can be calculated. (The delay is
proportional to the baud rate.)

C. The trigger change level timer is
reset after the CPU reads the
RCVR FIFO or after a new char-
acter is received when there has
been no trigger change level
interrupt.

D. A trigger change level interrupt is
cleared and the timer is reset
when the CPU reads a character
from the RCVR FIFO.

4. lIR = 02 (THRE interrupt) indicates
that the Transmit Holding Register is
empty. This interrupt is cleared by
either writing a byte to the THR or by
reading the lIR.

5. IR = 00 (Modem Status interrupt) in-
dicates that there has been some
change in the status of the modem.
This interrupt is cleared by reading
the MSR, which also tells the user
what type of status change occured.

XMIT interrupts will occur as follows
when the transmitter and XMIT FIFO
interrupts are enabled
(FCRO=1,IER1=1)

1. The XMIT FIFO empty indications
will be delayed one character time
minus the last stop bit time when-
ever the foliowing occurs:

THRE=1 and there have not been a
minimum of two bytes at the same
time in XMIT FIFO, since the last
THRE=1.

2. When the transmitter FIFO is empty,
the transmitter holding register
interrupt (1IR=02) occurs. The
interrupt is cleared as soon as the
transmitter holding register is written
to orthe lIR is read.

When FCRO is enabled, an interrupt
does not occur immediately if enabled
(IER=1). The first XMIT interrupt occurs
due to the conditions stated in 1 and 2
above only after data has first been en-
tered into the XMIT FIFO.

RCVR FIFO trigger level and character
trigger change level interrupts have the
same priority as the transmitter FIFO
empty.

FIFO POLLED MODE OPERATION
Resetting IERO, IER1, IER2, IER3 or all
to zero, with FCRO=1, puts the ACE into
the FIFO Polled Mode. Since the
RCVR and XMITER are controlied
separately, either or both can be in the
Polled Mode.

In the FIFO Polled Mode, there is no
timeout condition indicated or trigger
level reached. The RCVR and XMIT
FIFOs still have the capability of holding
characters, however.

TABLE 5. BAUD RATES (1.8432 MHz CLOCK)

Divisor Used Percent Error
Baud Rate to Generate Difference Between
Desired 16 x Clock Desired and Actual
50 2304 —
75 1536 _—

110 1047 0.026

1345 857 0.058

150 768 —_

300 384 —

600 192 —
1200 96 —
1800 64 —
2000 58 0.69
2400 48 —
3600 32 —
4800 24 —
7200 16 —
9600 12 —

19200 6 —_
38400 3 —
56000 2 2.86
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TABLE 6. BAUD RATES TABLE 7. BAUD RATES (8 MHz CLOCK)
(3.072 MHz CLOCK)
Divisor Used Percent Error Divisor Used Percent Error
Baud Rate to Generate Difference Between Baud Rate to Generate Ditference Between
Desired 16 x Clock Desired and Actual Desired 16 x Clock Desired and Actual
— 50 1000 —
3(5) gggg - 75 6667 0.005
110 1745 0.026 110 4545 0.010
134.5 1428 0.034 1 285 gg;g gg} g
:1388 1228 — 300 1667 0.020
600 320 — 600 833 0.040
1200 160 — 1200 417 0.080
1800 107 0.312 1800 277 0.080
2000 96 — 2000 250 —
2400 80 —_ 2400 208 0.160
3600 53 0.628 3600 139 0.080
4800 40 — 4800 104 0.160
7200 27 1.23 7200 69 0.644
9600 20 — 9600 52 0.160
19200 10 _ 19200 26 0.160
38400 13 0.160
38400 5 —
56000 9 0.790
128000 4 2.344
256000 2 2.344
512000 1 2.400
TABLE 8. MASTER RESET
Register/Signal Reset Control Reset
interrupt Enable Register Reset All Bits Low (0-3 Forced and 4-7 Permanent)
Interrupt Identification Reset Bit 0 is High, Bits 1 and 2 Low
Register Bits 3-7 Are Permanently Low
Line Control Register Reset All Bits Low
Modem Control Register Reset All Bits Low
FIFO Control Register Reset All Bits Low
Line Status Register Reset All Bits Low, Except Bits 5 and 6 Are High
Modem Status Register Reset Bits 0-3 Low
Bits 4-7 Input Signal
SOouT Reset High
Intrpt (RCVR Errs) Read LSR/Reset Low
Intrpt (RCVR Data Ready) Read RBR/Reset Low
Intrpt (THRE) Read |IR/Write THR/Reset Low
Intrpt (Modem Status Changes) Read MSR/Reset Low
~-0UT2 Reset High
-RTS Reset High
~DTR Reset High
-0OUT1 Reset High
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TABLE 9. SERIAL CHANNEL ACCESSIBLE REGISTERS

Register Bit Number
Register
Address| Mnemonic Bit7 Bit6é Bit5 Bit 4 Bit3 Bit2 Bit 1 Bit0
0 RBR Data Data Data Data Data Data Data Data
(Read Only) Bit7 Bit6 Bit 5 Bit4 Bit3 Bit2 Bit 1 Bit0
(MSB) (LSB)
0 THR Data Data Data Data Data Data Data Data
(Write Only) Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit2 Bit 1 Bito
o* DLL Bit7 Bit 6 Bit 5 Bit4 Bit3 Bit2 Bit 1 Bit0
1* DLM Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
1 IER 0 o] 0 0 (EMSI) | (ERLSI) | (EMREI) (ERDAI)
Enable Enable Enable Enable
Modem | Receiver | Transmitter | Received
Status Line Holding Data
Interrupt | Status Register Available
Interrupt Empty Interrupt
Interrupt
2 FCR RCVR RCVR Reserved Reserved DMA XMIT RCVR FiFO
(Write Trigger Trigger Mode FIFO FIFO Enable
Only) (MSB) (LSB) Select Reset Reset
2 IR FIFOs FIFOs 0 0 Interupt | Interrupt Interrupt “o" it
(Read Only) | Enabled** Enabled** ID ID 1D Interrupt
Bit (2)** Bit (1) Bit (0) Pending
3 LCR (DLAB) Set Stick (EPS) (PEN) (STB) (WLSBH) (WLSBO)
Divisor Break Parity Even Parity Number Word Word
Latch Parity Enable | of Stop Length Length
Access Select Bits Select Select
Bit Bit 1 Bit 0
4 MCR 0 0 0 Loop Out 2 Out 1 (RTS) (DTR)
Request Data
To Terminal
Send Ready
5 LSR Errorin (TEMT) (THRE) (Bl (FE) (PE) (OE) (DR)
RCVR Transmitter |Transmitter Break Framing Parity Overrun Data
FIFO** Empty Holding Interrupt Error Error Error Ready
Register
Empty
6 MSR (DCD) (Rl) (DSR) (CTS) (DDCD) (TER) (DDSR) (DCTS)
Data Ring Data Clear Delta Trailing Delta Delta
Carrier Indicator Set to Data Edge Data Clear
Detect Ready Send Carrier Ring Set to
Detect | Indicator Ready Send
7 SCR Bit7 Bit & Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
*DLAB =1

**These bits are always 0 in the VL16C450 Mode.
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PARALLEL PORT REGISTERS The Read Status Register allows the They are Interrupt Enable (PIRQEN),
The VL16C552's paralle! port interfaces microprocessor to read the status of the Select In (SLIN), Initialize the Printer
the device to a Centronics-style printer. printer in the five most significant bits. (—INIT), Autofeed the Paper (AFD),
When Chip Select 2 (~CS2) is low, the The status bits are Printer Busy Strobe (STB), which informs the printer
parallel port is selected. Table 11 (-BSY), Acknowledge (—ACK) which is of the presence of a valid byte on the
shows the registers associated with this a handshake function, Paper Empty paraliel bus. The Write Data Register
parallel port. The read or write function (PE), Printer Selected (SLCT), and allows the microprocessor to write a
of the register is controlled by the state Error (-ERR). The Read Control byte to the parallel bus.
of the read (—IOR) and write (—IOW) pin Register allows the state of the control . :
as shown. The Read Data Register lines to be read. The Write Control Lt:e p:;atlLel port |”s Tompi.etel'y compat

llows the microprocessor to read the Register sets the state of the control D' With the paralie) port implementa-
.af ti the parallel bus i tion used in the IBM Serial/Parallel
information on par . ines. Adaptor.
TABLE 10. PARALLEL PORT REGISTERS

Register Register Bits

Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0

Data PD7 PD6 PDS PD4 PD3 PD2 PD1 PDO
Status (Read Only) -BSY —ACK PE SLCT -ERR —PIRQ 1 1
Control 1 1 DIR PIRQEN SLIN —INIT AFD STB

TABLE 11. PARALLEL PORT REGISTER SELECT
Control Pins Register Selected

-CS2| A1 | AO
0 0 0 Read Data
0 0 1 Read Status
0

0

1 0 Read Control
1 1 Invalid
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LINE PRINTER PORT:

The Line Printer Port (LPT) contains the
functionality of the port included in the
VL16C552, but offers a hardware
programmable Extended Mode,
controlled by the Printer Enhancement
Mode (PEMD) pin. This enhancement
is the addition of a Direction Control Bit,
and an Interrupt Status Bit.

Reg 0 - Line Printer Data Register:
The Line Printer Port is either output-
only or bidirectional, depending on the
state of the Extended Mode pin and
Data Direction Control bits.

Compatibility Mode (PEMD pin=0):
Reads to the Line Printer Data (LPD)
Register and returns the last data that
was written to the port. Write opera-
tions immediately output data to the
PDO0-PD7 pins.

Extended Mode (PEMD pin=1):

Read operations return either the data
last written to the LPD Register if the
direction bit is set to write (low) or the
data that is present on PD0-PD?7 if the
direction is set to read (high). Writes to
the LPD Register latch data into the
output register, but only drive the LPT
port when the direction bit is set to
write.

The table below summarizes the
possible combinations of Extended
Mode and the direction control bit.

PEMD| DIR PDO-PD7 Function
0 X PC/AT Mode - Output
1 0 PS/2 Mode - Output
1 1 PS/2 Mode - Input

Reg 1 Read - Line Printer Status
Register:

The Line Printer Status (LPS) Register
is a read-only register that contains
interrupt and printer status of the LPT
connector pins. In the table below (in
the default columny), are the values of
each bit in the case of the printer being
disconnected from the port. The bits
are described as follows:

Default

3]
=

Description

Reserved
Reserved
-PIRQ
-ERR
SLCT

PE

-ACK
-BSY

NOoO s WN-+O
O — & b A ko .

Bits 0 and 1 - Reserved. Read as ones.

Bit 2 - Printer Interrupt (-PIRQ, active
low) Status bit, when set (low) indicates
that the printer has acknowledged the
previous transter with a ACK hand-
shake (bit 4 of the control register must
be set to 1). The bit is set to zero on
the active to inactive transition of the
—ACK signal. This bit is set to a one
after a read from the status port. The
default (power on reset) value for this
bit is one.

Bit 3 - Error (-ERR, active low) Status
bit corresponds to —ERR input.

Bit 4 - Select (SLCT) Status bit corre-
sponds to SLCT input.

Bit 5 - Paper Empty (PE) Status bit
corresponds to PE input.

Bit 6 - Acknowledge (~ACK, active low)
Status bit corresponds to —ACK input.

Bit 7 - Busy (-BSY, active low) Status
bit corresponds to BUSY input.

Reg 2 - Line Printer Control Register:
The Line Printer Control (LPC) register
is a read/write port that is used to
control the PD0O-PD7 direction and drive
the Printer Control lines. Write opera-
tions set or reset these bits, while read
operations return the state of the last
write operation to this register. The bits
in this register are defined as follows:

@
=

Description

STB

AFD

—INIT

SLIN
PIRQEN

DIR
Reserved (1)
Reserved (1)

NOO A WN—-O

Bit O - Printer Strobe (STB) Control bit;
when one, the —STB signal is asserted
on the LPT interface; when zero, the
signal is negated.

Bit 1 - Auto Feed (AFD) Control bit;
when one, the —~AFD signal will be
asserted on the LPT interface; when
zero, the signal is negated.

Bit 2 - Initialize Printer (—~INIT) Control
bit; when one, the —INIT signal is
negated; when zero, the ~INIT signal is
asserted on the LPT interface.

Bit 3 - Select Input (SLIN) Control bit;
when one, the SLCT signal is asserted
on the LPT interface; when zero, the
signal is negated.

Bit 4 - Interrupt Request Enable
(PIRQEN) Control bit; when cne,
enables interrupts from the LPT port
whenever a low to high transition of
—ACK occurs; when zero, diables
interrupts.

Bit 5 - Direction (DIR) Contro! bit (only
used when —PEMD is high); when one,
the output buffers in the LPT port are
disabled allowing data driven from
external sources to be read from the
LPT port.
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® VLSI TECHNOLOGY, INC.

VL16C552

AC CHARACTERISTICS: TA=0°Cto +70°C, VDD =5V 5%

Symbol Parameter Min Max | Units Conditions

tDIW —IOR Strobe Width 125 ns

RC Read Cycle 280 ns Note 3

tDD —IOR to Drive Disable Delay 40 ns 100 pF Load (Note 2)
tDDD Delay from -IOR to Data 110 ns 100 pF Load (Note 2)
tDW Data Valid Width 0 100 ns 100 pF Load (Note 2)
tDOW -IOW Strobe Width 100 ns

wC Wirite Cycle 280 ns

tDS Data Setup Time 30 ns

tDH Data Hold Time 25 ns

tRA Address Hold Time from —IOR 20 ns Note 1

tRCS Chip Select Hold Time from —IOR 20 ns Note 1

tAR Set up from Address to —IOR 30 ns Note 1

tCSR Set up from Chip Selects to —IOR 25 ns Note 1

tWA Address Hold Time from —-IOW 20 ns Note 1

tWCS Chip Select Hold Time from —iOW 20 ns Note 1

1AW Set up from Address to —-IOW 30 ns Note 1

tCsSw Chip Select Hold Time from —IOW 25 ns Note 1

tMRW Master Reset Pulse Width 5 Hs

tXH Duration of Clock High Pulse 55 ns External Clock (8 MHz Max.)
tXL Duration of Clock Low Pulse 55 ns External Clock (8 MHz Max.)

Notes: 1. The internal address strobe is always active.

2. VOL, VOH and the external loading determine the charge and discharge time.
3. In FIFO Mode RC=425 ns (min.) between reads of the receiver FIFO and the status registers (IIR or LSR).
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® VLSI TECHNOLOGY, INC.
VL16C552

AC CHARACTERISTICS (Cont.): TA =0°Cto + 70°C, VDD =5 V +5%

Symbol| Parameter Min Max Units Conditions

Transmitter

Delay from Falling Edge of -IOW (WR THR)

tHR1 to Reset Interrupt 175 ns 100 pF Load
Delay from Initial INTR Reset to Transmit -BAUDOUT
tIRS Start 0 16 CYCLES Note 3
—-BAUDOUT
1St Delay from Initial Write to Interrupt 8 24 CYCLES Note 1, 3
Delay from Start Bit Low to Interrupt -BAUDOUT
tSTI (THRE) High 8 24 CYCLES Note 1,3
Delay from ~IOR (RD IIR) to Reset Interrupt
tIR (THRE) 250 ns 100 pF Load
-BAUDOUT
tSXA Delay from Start to —-TXRDY Active 8 24 CYCLES 100 pF Load, Note 3
twXi Delay from Write to —TXRDY Inactive 195 ns 100 pF Load

Modem Control

tMDO Delay from —IOW (WR MCR) to Output 200 ns 100 pF Load

tSIM Delay to Set Interrupt from Modem Input 250 ns 100 pF Load

tRIM Delay to Reset Interrupt from —4OR (RD MSR) 250 ns 100 pF Load

Receiver

tSCD Delay from RCLK to Sample Time 2 us

tSINT Delay from Sample of Stop to Set Interrupt 1 RCLK Note 2
Delay from ~lOR (RD RBR/RD LSR) to Reset

tRINT Interrupt 1 us 100 pF Load

TRXI Delay from —RDRBR to —RXRDY Inactive 290 ns

Notes: 1. If the Transmitter Interrupt Delay is active, this delay will be lengthened by one character time, minus the last stop bit
time.

2. The receiver data available indication, the overrun error indication, the trigger leve! interrupts and the active —-RXRDY
indication will be delayed three RCLKs in the FIFO Mode (FCRO=1). After the first byte has been received status in-
dicators (PE, FE, Bl) will be delayed three RCLKs. These indicators will be updated immediately for any further
bytes received after RDRBR goes inactive. There are eight RCLK delays for trigger change level interrupts.

3. Baudout cycle defined as per Baud Rate Generator section.
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VL16C552

FIGURE 3. READ TIMING

A2-A0 Y N
x VALID }’i
el — tRA
I /
~CS2-—CS0 VALID tRCS
tCSR—> el ——— |
-— tAR >l RC
tDOR
3
—IOR NACTIVE ¥ " ACTIVE
OR
@
-IOW ACTIVE
tDD DD
DDIRO
tDDD - \DW
DATA VALID
DBO-DB7 DATA
FIGURE 4. WRITE TIMING
A2 - A0 }{ VALID X
tWA
_cs2--cso | VALID ’
tICSW— 1o——| tWCS
—tAW - WC
tDOW = L
ACTIVE s
—low N / \
c ; LACTIVE
| OR
—
-IOR i
ACTIVE
DS [asta»-{tDH —
DATA VALID
DBO-DB? DATA
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FIGURE 5. MODEM TIMING

-low
(WR MCR)
xi:— tMDO tMDO

-RTS, -DTR

-CTS, -DSR, -DCD 7 N

INTRPT

<4 tSIM tRIM

-IOR
(RD MSR)

-RlI

FIGURE 6. RECEIVER TIMING

—_— L, I

j«——— 8CLKS | j-—
SAMPLE H

CLK

VL16C450 Mode NOTE 1

S I R N N I ||
CLK )

«

SIN Q
\{

(RECEIVER START / DATABITS (5-8) PARITY) STOP
INPUT )
\(

DATA)

T

— tSINT

3

INTERRUPT
(DATA READY
OR RCVR ERR})

-IOR

ACTIVE

Note 1: Start bit is sampled two times to ensure start is valid.
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VL16C552

FIGURE 7. RECEIVER READY (PIN 29)-MODE 0

—-IOR !

(RDRBR)

SIN
(FIRST BYTE) STOP

SAMPLE CLK l

\R ACTIVE /

—-RXRDY VY
AV Y

tSINT

Note 2

FIGURE 8. RECEIVER READY (PIN 29)-MODE 1

4 tRX|

)
-IOR
(RDRBR) A x< ACTIVE /
Note 1
SIN
(FIRST BYTE THAT
REACHES THE STOP
TRIGGER LEVEL)
SAMPLE CLK J I
~RXRDY \
SINT tRXI
Note 2

Notes: 1. This is the reading of the last byte in the FIFO.
2. If FCRO=1, then tSINT=3 RCLKs. For a trigger change level interrupt, tSINT=8 RCLKs.
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VL16C552

FIGURE 9. TRANSMITTER TIMING

START
SERIAL DATA (5-8)
OUT (SOUT)

START

STOP (1-2)

RS PARITY

—»  [¢—1STI
INTERRUPT \

(THRE) | o tHR HR

-IOW tSl
(WR THR)

—»| iR [*—

-IOR
(RD {IR)

FIGURE 10. TRANSMITTER READY (PIN 24)-MODE 0

-IOW

wATHR) N\ BTES

souT DATA X PARITY >/ STOP START

A~
-~

tWXI tSXA

-TXRDY

FIGURE 11. TRANSMITTER READY (PIN 24)-MODE 1

e\ g\ \\

wATR) N\_BMTEme
+—— | STARTOF
K PamiTY Y sTop START BYTE #16
Wi

—-1 tSXA

—~
P

y4

SOuT DATA

AN
_TXRDY FIFO FULL AR
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FIGURE 12. RCVR FIFO FIRST BYTE (This sets RDR.)

STOP
SAMPLE CLOCK I I |\\\\j I I I | | I
\y (FIFO AT OR ABOVE
TRIGGER LEVEL | ¢ TRIGGER LEVEL)
(FCRS, 7=0, 0) —>| 4—(SINT TRIGGER LEVEL)
tRINT
LS| INTERRUPT
tRINT
—IOR
(RDLSR) ACTIVE

—-OR —\
(RDRER) ACTIVE

FIGURE 13. RCVR FIFO REMAINING BYTES (RDR is aiready set.)

STOP

SAMPLE CLOCK J I l | I | |
(FIFO AT OR ABOVE
TIMEOUT OR A TRIGGER LEVEL)
TRIGGER LEVEL Note 2 (FIFO BELOW
INTERRUPT tSINT TRIGGER LEVEL)
— — N\ : tRINT
LSIINTERAUPT __ TOP BYTE OF FIFO
1SINT

-IOR
(RDLSR)

\ ACTIVE JL AL ACTIVE
-IOR

(RDRBR) PREVIOUS BYTE
READ FROM FiFO

tRINT]

ACTIVE

Notes: 1. This is the reading of the last byte in the FIFO.
2. If FCRO=1, then tSINT=3 RCLKs. For atrigger change leve! interrupt, tSINT=8 RCLKs.
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FIGURE 14. TEST CIRCUIT
v
R
Device Under Test
—
C »
* includes Scope and Jig
Capacitance
FIGURE 14. BASIC CONFIGURATION
VL16C552
SERIAL

DATA £ AN CHANNEL 0 ﬁ QZDP!N
BUS X 7 BUFFERS CONN

ADDR AN
BUS 7 DUAL SERIAL A e

ACE AND 9
CTL \ PRINTER CHANNEL 1 ﬁ o
PORT BUFFERS 8
BUS opTioN ~
JUMPERS
/
PARALLEL o
PORT 25"_0"

R/C NET CONN
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VL16C552

ABSOLUTE MAXIMUM RATINGS

Ambient Operating

Temperature ~10°C to +70°C
Storage Temperature —65°C to +150°C

Supply Voltage to
Ground Potential —0.5V to VDD +0.3V

Applied Output

Voltage —-0.5V1to VDD +0.3V
Applied Input

Voltage -05Vto+7.0V
Power Dissipation 500 mW

Stresses above those listed may cause
permanent damage to the device.
These are stress ratings only. Func-
tional operation of this device at these
or any other conditions above those

indicated in this data sheet is not
implied. Exposure to absolute maxi-
mum rating conditions for extended
periods may affect device reliability.

DC CHARACTERISTICS: TA=0°Cto +70°C, VDD =5V 5%

Symbol Parameter Min Max Units Conditions

VIL Input Low Voltage -0.5 0.8 \

VIH Input High Voltage 2.0 vDD \
JOL = 4.0 mA on DBO - DB7
IOL = 12 mA on PDO - PD7

VoL Output Low Voltage 04 v IOL = 10 mA on =INIT, -AFD, -STB,

and —SLIN (see Note 1)

IOL = 2.0 mA on all other outputs
IOH = —0.4 mA on DBO - DB7
IOH = —2.0 mA on PDO - PD7

VOH Output High Voltage 24 v IOH = —100 pA on —INIT, -AFD, -STB,

—-SLIN, -TXRDY1, -TXRDYO0,
—-RXRDY1 and -RXRDY0

IOH = -0.2 mA on all other outputs
VDD =5.25 V. No loads on SINO,1;

IDD Power Supply Current 50 mA -DSRo,1; -DCDO,1; ~CTS0,1. -RI0,
—RH1 = 2.0 V. Otherinputs = 0.8 V. Baud
rate generator = 8 MHz. Baud rate = 56K
VDD =5.25V,VSS =0 V.

i Input Leakage 10 KA All other pins fioating.
VDD =525V,VSS=0V.
VOUT=0V,525V

102 Three-State Leakage +20 HA 1) Chip deselected
2) Chip and write mode selected

Note 1: Open drain pads used. VOH not tested, as it is dependant upon external pull-up value.
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VL16C552

PACKAGE OUTLINE:
68-PIN PLASTIC LEADED CHIP CARRIER (PLCC)

.800 (20.32) REF

048 (1.219)
- 48(1.219)
04z (1.067)
mlnliolelinlinlicioFalolalaBeloml ol Bt ‘
0
[
i
I
d PIN 1 INDEX
. MAY VARY IN
SIZE AND
E LOCATION
958 (24.33)
[ Ol0P  ssoars
i
i
I
0]
1
i
I
0
0 ) SN gy G N gy GHN g NN g GE My S Ry GHN G SED B NN g NUG B ENS N GHE G s i v Ry S |
995 (25.273)
985 (25.02)
4°ALL SIDES 032 (0.813)
—| [— 1026 (0.660)
130 (3.30) —| [ 049 (1.244)
1090 (2.29)

T

!

1032 (0.812) —»

—_— —g—— -
020 (0.508) .200 (5.08)
MIN 050 (1.27) 021 (0.533) 165(a.19)
TYP 013 (0.330)

.930 (23.62)

890 (22.61)

SEE DETAIL A

DETAIL A

.010 (0.254)
.008(0.203)

— | | -———

.008 (0.203) RAD

.075 (1.905) MAX

t .020 (0.508) MIN

.005 (0.127)

. AFTER
LEAD FINISH
N

NOTES: UNLESS OTHERWISE SPECIFIED.
1. TOLERANCE TO BE +/- .005 (0.127).
2. LEADFRAME MATERIAL: COPPER.

3. LEAD FINISH: MATTE TIN PLATE OR SOLDER DIP.

4. SPACING TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC ALONG FULL LENGTH OF LEAD.
5. MOLDED PLASTIC DIMENSION DOES NOT INCLUDE SIDE FLASH BURR, WHICH IS .010 (0.254) MAX ON FOUR SIDES.
6. CONTROLLING DIMENSIONS ARE METRIC, ALL METRIC DIMENSIONS ARE IN PARENTHESES.

.035 (0.889) RAD
-

.044 (1.117)
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VL16C552

VLS| CORPORATE OFFICES

VLS| SALES OFFICES
AND TECH CENTERS

ARIZONA

8375 South River Parkway
Tempe, AZ 85284
602-752-6450

FAX 602-752-6001

CALIFORNIA

2235 Qume Dr

San Jose, CA 95131
408-922-5200

FAX 408-943-9792
Mail:

1109 McKay Drive
San Jose, CA 95131

6345 Balboa Blvd.,
Building 1, Suite 100
Encino, CA 91316
818-609-9981

FAX 818-609-0535

30 Corporate Park,
Stes. 100-102
Irvine, CA 92714
714-250-4900
FAX 714-250-9041

FLORIDA

2200 Park Central N., Ste. 600
Pompano Beach, FL 33064
305-971-0404

FAX 305-971-2086

GEORGIA

2400 Pieasant Hill Rd., Ste 200
Duluth, GA 30136
404-476-8574

FAX 404-476-3790

ILLINOIS

3100 Higgins Rd.. Ste. 155
Hoffman Estates, IL 80195
708-884-0500

FAX 708-884-9394

MARYLAND

124 Maryland Rte 3 N.
Millersville, MD 21108
301-987-8777

FAX 301-687-4489

MASSACHUSETTS

261 Ballardvale St.
Wilmington, MA 01887
508-658-9501

FAX 508-657-6420

NEW JERSEY

311C Enterprise Dr.
Plainsboro, NJ 08536
609-799-5700

FAX 609-709-5720

NORTH CAROLINA

1000 Park Forty Plaza, Ste. 300
Durham, NC 27713
019-544-1891/92

FAX 819-544-6667

TEXAS

850 E. Arapaho Rd., Ste. 270
Richardson, TX 75081
214-231-6716

FAX 214-669-1413

WASHINGTON

405 114th Ave. SE, Ste. 300
Bellevue, WA 68004
206-453-5414

FAX 206-453-5229

FRANCE

2, Allee des Garays
F-91124 Pataiseau Cedex
France

1-69 9326 00

FAX 1-64 47 04 80

CORPORATE HEADQUARTERS « DESIGN TECHNOLOGY, COMMUNICATIONS PRODUCTS DIVISION AND SPECIAL PRODUCTS DIVISION
VLS! Technology, Inc. » 1109 McKay Drive « San Jose, CA 95131 » 408-434-3100

PERSONAL COMPUTER PRODUCTS DIVISION, GOVERNMENT PRODUCTS DiVISION AND AUTOMOTIVE PRODUCTS DIVISION
VLS Technology, Inc. 8375 South River Parkway « Tempe, AZ 85284 » 602-752-8574

GERMANY
Rosenkavalierplatz 10
D-8000 Muenchen 81
Germany

89-92795-0

FAX 89-92705-145

HONG KONG

Shui On Centre 1504-07
§-8 Harbour Road

Hong Kong
011-852-865-3755

FAX 011-852-865-3159

ITALY

Italia S.R.L.

Centro Direzionale Colleoni
Palazzo Cassiopeia, 3
1-20041 Argrate Brianza (M!)
36-6056791

FAX 39-6056808

JAPAN

Shuwa-Kioicho TBR Bidg., #101
Kojimachi 5-7, Chiyoda-Ku
Tokyo, Japan 102
81-3-3239-5211

FAX 81-3-3239-5215
Shinsaibashi MID Bldg., 7F
Minami Senba 3-2-29
Chuo-ku, Osaka, 542, Japan
06-243-6041

FAX 06-243-6960

TAIWAN

Unit 7, 7th Floor, Lotus Bidg.
136 Jen-Al Rd., Section 3
Taipel, Taiwan, R.0.C.
886-2-325-4422

FAX 886-2-325-4411
UNITED KINGDOM

486-488 Midsummer Blvd.
Saxon Gate West, Central Milton
Keynes, MK8 2EQ

United Kingdom

09 08/66 75 95

FAX 09 08/67 00 27

VLSI SALES OFFICES

ALABAMA

2614 Artie St., Ste. 36
Huntsville, AL 35805
205-539-5513

FAX 205-536-8622

CONNECTICUT

850 North Main St., Bidg. 1, 2C
Wallingford, CT 06492
203-265-6698

FAX 203-265-3653

FLORIDA

598557, G. Lee Bivd,, Ste. 170
Orlando, FL 32822
407-240-9604

FAX 407-855-2505

MINNESOTA

5831 Cedar Lake Rd.

St. Louis Park, MN 55416
612-545-1490

FAX 612-545-3489

NEW YORK

820 Cross Keys Office Park
Fairport, NY 14450
716-223-0590

FAX 716-425-1112

OHI0

4 Commerce Park Square
23200 Chagrin Blvd., Ste.600
Cleveiand, OH 44122
216-292-8235

FAX 216-464-7609

OREGON

10300 S.W. Greenburg Rd.,
Ste. 365

Portland, OR 97223
503-244-9882

FAX 503-245-0375

TEXAS

9600 Great Hills Trail,
Ste. 150W

Austin, TX 78756
512-343-8191

FAX 512-343-2759

JAPAN

Shuwa-Kioicho Park Bldg., #503
Kioicho 3-6, Chiyoda-Ku
Tokyo, Japan 102
81-3-3262-0850

FAX 81-3-3262-0881
SINGAPORE

20 Jalan Afifi #04-01
Cisco Centre

Singapore 1440
65-742-2314

VLSI AUTHORIZED
DESIGN CENTERS

COLORADO

SIS MICROELECTRONICS, INC.
Longmont, 303-776-1667
ILLINOIS

ASIC DESIGNS

Naperville, 708-717-5841
MAINE

QUADIC SYSTEMS, INC.

South Portland, 207-871-8244

PENNSYLVANIA

INTEGRATED CIRCUIT
SYSTEMS, INC.

King of Prussia, 215-265-8680
CANADA

PACIFIC MICROELECTRONICS
CENTRE

British Columbia, 604-283-5794

EREAND U.X.
PA TECHNOLOGY
Herts, 76-3-61222

SYMBIONICS

Cambridge, 223-421025
FRANCE

CETIA

Toulon Cedex, 8-42-12005
SOREP

Chateaubourg, 99-623955

JAPAN

ADC CORPORATION

Tokyo, 03-492-1251

LSl SYSTEMS, INC.

Kanagawa, 0462-29-3220
NIPPON STEEL CORPORATION
Tokyo, 03-5566-2141

KOREA

ANAM VLS| DESIGN CENTER
Seou!, 82-2-553-2106

NORWAY
NORKRETS AS
Oslo, 47-2360677/8

VLSI SALES
REPRESENTATIVES
ARIZONA

LUSCOMBE ENGINEERING
Scottsdaie, 602-949-8333

CALIFORNIA

CENTAUR CORP.

Irvine, 714-261-2123
CENTAUR CORP.
Calabasas, 818-704-1655

CENTAUR CORP.

San Diego, 619-278-4950
EMERGING TECHNOLOGY
San Jose, 408-263-9366

EMERGING TECHNOLOGY
Cameron Park, 916-676-4367

COLORADO
LUSCOMBE ENGINEERING
Longmont, 303-772-3342

IDAHO

EMERGING TECHNOLOGY
Boise, 208-378-4680
INTERMOUNTAIN TECHNICAL
MKTG

Meridian, 208-888-6071

IOWA
SELTEC SALES
Cedar Rapids, 319-364-7660

KANSAS
ELECTRI-REP
Overiand Park, 913-649-2168

MARYLAND
DELTA 1
Columbia, 301-730-4700

MICHIGAN
APPLIED DATA MANAGEMENT
Westland, 313-427-8181

MISSOUR!
ELECTRI-REP
St. Louis, 314-993-4421

NEW MEXICO
LUSCOMBE ENGINEERING
Albuquerque, 505-888-0333

NEW YORK
bbd ELECTRONICS
Rochester, 716-425-4101

OHI0
APPLIED DATA MANAGEMENT
Cincinnatl, 513-579-8108

OREGON

ELECTRA TECHNICAL SALES,
INC.

Beaverton, 503-643-5074

UTAH
LUSCOMBE ENGINEERING
Salt Lake City, 801-565-0885

WASHINGTON
ELECTRA TECHNICAL SALES,

INC.

Kirkiand, 206-821-7442
AUSTRALIA

GEQRGE BROWN GROUP
Adelaide, 61-8-352-2222
Brisbane, 61-7-252-3876
Melbourne, 61-3-878-8111
Newcastle, 61-49-69-6309
Perth, 61-9-362-1044
Sydney, 61-2-638-1888
CANADA

DAVETEK MARKETING, INC.
Albertal, 403-291-4084
British Columbia, 604-430-3680
TECH-REP ELECTRONICS
Montreal, 514-337-6046
Ottawa, 613-225-6186
Toronto, 416-880-2903

HONG KONG

LESTINA INTERNATIONAL, LTD
Tsimshatsui, 852-7351736

ISRAEL

RDT ELECTRONICS ENG. LTD
Tel-Aviv, 23-4832119
SINGAPORE

DYNAMIC SYSTEMS PTE, LTD
Singapore, 65-742-1996

TNWAN

PRINCETON TECH CORP.
Taipei, 886-2-917-8856
THAILAND

TRON ELECTRONICS CO LTD
Bangkok, 66-2589863

VLSI DISTRIBUTORS

United States represented by
LEX ELECTRONICS except
where noted

ALABAMA

Huntsville, 205-895-0480
ARIZORA

Tempe, 602-431-0030
CALIFORNIA

Calabasas, 818-880-9686
Irvine, 714-587-0404

San Diego, 619-495-0015
San Jose, 408-432-7171
COLORADO

Englewood, 303-789-0258
CONNECTICUT

Oxtord, 203-264-4700

FALORIDA

Orfanda/Tampa, 407-331-7555
Pompano Beach, 305-977-7511
GEORGIA

Norcross, 404-449-9170
HLLINOIS

Schaumburg, 708-330-2888
INDIANA

Indianapotis, 317-843-1050
10WA

Cedar Rapids, 319-373-1417
KANSAS

Overiand Park, 913-462-2922
MARYLAND

Columbia, 301-596-7800
MASSACHUSETTS
Wilmington, 508-694-9100
MICHIGAN

Livonia, 313-525-8100
MINNESOTA

Eden Prairie, 612-941-5280
MISSOUR!

Earth City, 314-739-0526
NEW HAMPSHIRE
Manchester, 603-625-2250
NEW JERSEY

Mt. Laurel, 809-273-7900
Pinebrook, 201-227-7880
NEW YORK

Rochester, 716-383-8020
Hauppauge, 516-231-2500
Westbury, 516-876-4000
NORTH CAROLINA

Raleigh, 919-876-0000
OHI0

Beachwood, 216-464-2070
Dayton, 513-439-1800

OKLAHOMA
Tulsa, 918-665-0277
OREGON

ALMAC ELECTRONICS CORP.
Beaverton, 503-629-8090

PENNSYLYANIA
Pittsburgh, 412-863-6804
TEXAS

Austin, 512-336-0088
Dallas, 214-247-6300
Houston, 713-677-5383
WASHINGTON

ALMAC ELECTRONICS CORP.
Bellevue, 206-643-9992
Spokane, 509-824-9500
WISCONSIN

New Berlin, 414-784-9451

AUSTRIA

THOMAS NEUROTH
Wien, 222-825645
BELGIUMA.UXEMBURG
MiCROTRON

Mechelen, 215-212223

CANADA

SEMAD

Calgary, 403-252-5664
Markham, 416-475-8500
Montreal, 514-694-0860
Ottawa, 613-727-8325

British Columbia, 604-420-9889
DENMARK

DELCO

Alierod, 4-277733

ENGLAND

HAWKE COMPONENTS
Sunbury-on-Thames,
1-9797790
KUDOS-THAME LTD
Berks, 734-351010
QUARNDON ELECTRONICS
Derby, 332-32651

FNLAND

COMDAX

Helsinki, 80-670277
FRANCE

ASAP s.a.
Morttigny-le-Bretonneux,
1-30438233

GERMANY

DATA MODUL GmbH
Muenchen, 89-560170

BIT-ELECTRONIC AG
Muenchen, 88-4180070

ITALY
INTER-REP S.PA.
Torino, 11-2165901

JAPAN

ASAHI GLASS C0. LTD

Tokyo, 81-3-3218-5854
TOKYO ELECTRON, LTD
Tokyo, 81-3-3340-8111

NETHERLANDS

TME

Aa Heeswijk-Dinther,
4136-8895

PUERTO RICO

ISLA CARIBE ELECTRO SALES
Guaynabo, 809-720-4430
SWEDEN

TRACO AB

Farsta, 8-830000

SPAIN AND PORTUGAL
SEMICONDUCTORES 5.a.
Barcelona, 3-21723 40
SWITZERLAND

DECTRO SWISS AG
Zuerich, 1-3868600
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The information contained in this document has been
carefully checked and is believed to be reliable. However,
VLS! Technology, inc., (VLSI) makes no guarantee or
warranty concerning the accuracy of said information and
shall not be responsible for any loss or damage of whatever
nature resulting from the use of, or reliance upon, #. VLS|
does not guarantee that the use of any information contained
herein will not infringe upon the patent, trademark, copyright,
mask work right or other rights of third parties, and no patent

or other license is implied hereby. This document does not
in any way extend VLSI's warranty on any product beyond
that set forth in its standard terms and conditions of sale.
VLSI Technology, Inc., reserves the right to make changes
in the products or specifications, or both, presented in this
publication at any time and without notice.

LIFE SUPPORT APPLICATIONS

VLSI Technology, Inc., products are not intended for use as

critical components in life support appliances, devices, or
systems in which the failure of a VLS! Technology product
to perform could reasonably be expected to result in

personal injury.

Please contact VLS| for the latest information concerning

this product.
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