










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































8.0 Registers (Continued) 

Bits 1 and 2: These select the output signal that will be 
present on the multi-function pin, MF. These bits are individ­
ually programmable for each channel, so that different sig­
nals can be selected on each channel. Table VI associates 
the signal present at the multi-function pin with the bit code. 

TABLE VI 

AFRBitCode 
Blt2 Bit 1 

Multi-Function Pin Signal 

o 
o 
1 
1 

o 
1 
o 
1 

(Note 1) C5O'f2 
BAUDOUT 
RXRDY 
Reserved 

Note 1: This is the state after power-up or master reset 

Note 2: Output is forced high. 

(Note 2) 

Bits 3 through 7: These bits are permanently set to a logic 
O. 

8.11 SCRATCHPAD REGISTER 

This 8-bit Read/Write Register does not control the serial 
channel in any way. It is intended as a Scratchpad Register 
to be used by the programmer to hold data temporarily. 

9.0 FIFO Mode Operation 
Each serial channel has two 16-byte FIFOs associated with 
it. The operational description that follows is applicable to 
the FIFOs of both channels. 

9.1 FIFO INTERRUPT OPERATION 

When the RCVR FIFO and receiver interrupt are enabled 
(FCRO = 1, IERO = 1) Receive Data Available Interrupts 
will occur as follows: 

A. The Receive Data Available Interrupt will be issued to the 
CPU when the number of bytes in the RCVR FIFO equals 
the programmed trigger level; it will be cleared as soon 
as the number of bytes in the RCVR FIFO drops below its 
programmed trigger level. 

B. The IIR Receive Data Available Indication also occurs 
when the FIFO trigger level is reached, and like the inter­
rupt it is cleared when the FIFO drops below the trigger 
level. 

C. The Receiver Line Status Interrupt (IIR = 06), as before, 
has higher priority than the Received Data Available 
(IIR = 04) Interrupt. 

D. The data ready bit (LSRO) is set as soon as a character is 
transferred from the shift register to the RCVR FIFO. It is 
reset when the RCVR FIFO is empty. 

When RCVR FIFO and receiver interrupts are enabled, 
RCVR FIFO timeout interrupts will occur as follows: 

A. A RCVR FIFO Timeout Interrupt will occur, if the following 
conditions exist: 

- at least one character is in the RCVR FIFO 

- the most recent serial character received was longer 
than 4 continuous character times ago (if 2 stop bits 
are programmed the second one is included in this 
time delay). 

- the most recent CPU read of the RCVR FIFO was 
longer than 4 continuous character times ago. 

The maximum time between a received character and a 
timeout interrupt will be 160 ms at 300 baud with a 12-bit 
receive character (I.e. 1 START,8 DATA, 1 PARITY and 
2 STOP BITS). 

B. Character times are calculated by using the BAUDOUT 
signal as a clock Signal (thiS makes the delay proportion­
al to the baud rate). 

C. When a timeout interrupt has occurred it is cleared and 
the timer reset when the CPU reads one character from 
the RCVR FIFO. 

D. When the timeout interrupt indication is inactive the time­
out indication timer is reset after a new character is re­
ceived or after the CPU reads the RCVR FIFO. 

When the XMIT FIFO interrupts are enabled (FCRO = 1, 
IER1 = 1), XMIT interrupts will occur as follows: 

A. The Transmitter Holding Register Empty Interrupt occurs 
when the XMIT FIFO is empty. It is cleared as soon as 
the Transmitter Holding Register is written to (1 to 16 
characters may be written to the XMIT FIFO while servic­
ing this interrupt) or the IIR is read. 

B. The transmitter FIFO empty indications will be delayed 1 
character time minus the last Stop bit time whenever the 
following occurs: THRE = 1 and there have not been at 
least two bytes at the same time in the transmit FIFO, 
since the last THRE = 1. The first Transmitter Holding 
Register Empty Interrupt after changing FCRO will be im­
mediate, if it is enabled. 

This delay prevents the DUART from issuing a second 
Transmitter Holding Register Empty Interrupt as soon as it 
transfers the first character into the Transmitter Shift Regis­
ter. 

Character timeout and RCVR FIFO trigger level interrupts 
have the same priority as the current received data avail­
able interrupt; XMIT FIFO Empty has the same priority as 
the current Transmitter Holding Register Empty Interrupt. 

9.2 FIFO POLLED OPERATION 

With FCRO = 1 resetting IERO, IER1, IER2, IER3 or all to 
zero puts the associated serial channel in the FIFO Polled 
Mode of operation. Since the receiver and transmitter are 
controlled separately either one or both can be in the polled 
mode of operation. 

In this mode the user's program will check receiver and 
transmitter status via the LSR. As stated in Section 8.4: 

LSRO will be set as long as there is one byte in the RCVR 
FIFO. 

LSR1 to LSR4 will specify which error(s) has occurred. 
Character error status is handled the same way as in the 
interrupt mode. 

LSR5 will indicate when the XMIT FIFO is empty. 

LSR6 will indicate that both the XMIT FIFO and shift reg­
ister are empty. 

LSR7 will indicate whether there are any errors in the 
RCVR FIFO. 

There is no trigger level reached or timeout condition indi­
cated in the FIFO Polled Mode, however, the RCVR and 
XMIT FIFOs are otherwise functional. 
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10.0 Ordering Information 

NS16C552XX 

II : /,- .,' ""'OI'ITY "''''''' 
V = PLASTIC LEADED CHIP CARRIER (PlCC) 

TLIC/9426-20 
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~--------------------------------------------------------------------~ ~ 

~I Accessing the NS 16550A 
UART in the PS/2 Model 50, 
60, 70, and 80 

INTRODUCTION 

This paper reviews fundamental concepts of the Micro 
Channel Architecture and their relation to the NS16550A 
UART. All 4 of the PS/2 personal computers reviewed, use 
the NS16550A for asynchronous serial communication. 

The first part is an overview of the PS/2 system board and 
Micro Channel Architecture (MCA) in the Models 50, 60, 70, 
and 80 personal computers. The next part explains the ba­
sic configuration and system initialization procedures for the 
UART that occur after power-up. The last part describes the 
overall interrupt procedure and the advantages of using the 
on-chip FIFOs of the NS16550A. These explanations de­
scribe the CPU accesses to the UART via MCA. Timing dia­
grams in the appendix show these accesses to the UART. 

OVERVIEW OF THE PS/2 MODEL 50, 60, 70, AND 80 
SYSTEM ARCHITECTURE 
The block diagram indicates a number of identical functions 
that all system boards have (Figure 1). Each system CPU 
has an 8 channel DMA Controller and an optional math co­
processor associated with it via the local bus. The DMA 
Controller emulates the dual 8237 DMA controllers found on 
the IBM AT. Additionally, this DMA Controller provides Ex­
tended and Virtual Mode operation. These modes allow it to 
interface with various DMA slave devices and the CPU to 
dynamically select the arbitration level for 2 of the DMA 
channels. A central arbitration point allows certain adapter 
cards and system peripherals to compete for DMA trans­
fers. These adapter cards must have the appropriate arbi­
tration and DMA logic. 

Buffers condition the bus signals from the system CPU and 
send them directly to the Micro Channel Interface. These 
signals, after further buffering, reach the system memory 
and the system peripherals. The system ROM on the Mod­
els 50 and 60 also interfaces via these buffers to the 80286 
CPU. In the Models 70 and 80 the 128 kbyte ROM interfac­
es via the local bus to the 80386 CPU. 

The dynamic RAM is expandable on the system board or on 
adapter cards. DMA controller addressing capability limits 
the total DRAM available on any of these systems to 16 
Mbytes. The maximum DRAM available on the various sys­
tem boards is: 

1. Model 50; Type 1 = 1 Mbyte, Type 2 = 2 Mbytes 

2. Model 60; = 1 Mbyte 

3. Model 70; Type 1 or Type 2 = 6 Mbytes 

4. Model 80; Type 1 = 2 Mbytes, Type 2 = 4 Mbytes 

Beyond the memory, coprocessor, and DMA there are a 
number of major peripheral functions resident on the system 
board. These are: 

1. serial port (NS 16550A) 

2. video graphics controller 

National Semiconductor 
Application Note 628 
Martin S. Michael 

3. diskette controller 

4. parallel port 

5. keyboard and pointing device controller 

6. CMOS clock and configuration RAM 

7. dual interrupt controllers (16 channels) 

8. timer (3 channels) 

The configuration software for the serial port on the system 
board restricts the addressing of the NS16550A to COM1 
and COM2 on the Models 50, 60, 70, and 80. Adapter card 
serial ports, however, may be aSSigned any 1 of the 8 base 
1/0 addresses. 

Adding adapter cards extends the PS/2 functionality be­
yond the system board. These cards plug into the Micro 
Channel Bus connectors and conform to the MCA proto­
cols. 

OVERVIEW OF THE MICRO CHANNEL ARCHITECTURE 

MCA functionality increases as the data bus width increases 
from 16 to 32 bits. Both bus widths support certain funda­
mental features regardless of the data bus width. One of 
these is a centralized arbitration controller that allows up to 
16 devices to contend for the 8 available DMA channels. 
These devices compete based on an aSSigned priority level 
for the DMA resource. A "fairness" option allows lower pri­
ority devices to compete successfully for a DMA channel, 
even though, higher priority devices may require a transfer. 
If the fairness option is enabled, each device that has re­
ceived DMA service must wait until all other devices re­
questing the DMA have been serviced before they are al­
lowed to compete for the DMA resource, again. MCA fixes 
the priority levels of the DMA channels, except for channels 
o and 4, which the CPU can program to any priority level. 
The DMA channels are capable of both 8- and 16-bit trans­
fers. 

MCA also features level sensitive interrupts, provides for 
interrupt sharing and brings 11 of the 16 hardware interrupts 
out to the Micro Channel Bus for the adapters to use. The 
last section of this paper describes interrupt handling in 
more detail. 

Previous PC architectures used jumpers and switches to 
configure the adapter cards. MCA uses programmable con­
figuration registers on each adapter card, instead. This adds 
to system flexibility by allowing automatic card configuration 
via software. 

The Models 50 and 60 support 8- or 16-bit transfers over a 
64 kbyte range of 1/0 addresses and over a 16 Mbyte range 
of memory addresses. The Models 70 and 80 have all of 
these capabilities and can execute 32-bit transfers over the 
64 kbyte 1/0 address range or the 4 Gbyte memory address 
range. 
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FIGURE 2. Micro Channel Architecture 
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SUBDIVIDING THE MICRO CHANNEL ARCHITECTURE 

MCA has an 8-bit core set of bus signals (Figure 2) and 4 
types of extensions. If the system CPU is an 80286, a 16-bit 
extension and an auxiliary video extension are present. If 
the system CPU is an 80386, a 32-bit extension and a 
Matched Memory extension are present in addition to the 
16-bit and auxiliary video extensions. 

The 8-blt core set of 90 signals are composed of 9 groups. 
Most of these are the typical bus signals associated with 
any CPU: 

24 address 
8 data 
14 control 
6 interrupts 
9 power 

14 ground 
8 DMAI arbitration 
2 audio 
a 14.3 MHz clock Signal. 

IBM reserved four signals in this set. 

The 14 control signals can be grouped by function. A typical 
data transfer uses 7. The bus master uses 4 to sense card 
and channel status. Reset and channel configuration re­
quire 2, and a DRAM refresh cycle activates 1 signal. 

The centralized arbitration controller uses 8 DMA/arbitra­
tion signals to support its features plus the facility for single 
or burst mode transfers. One signal notifies the DMA slave 
when the DMA channel it is using reaches its terminal count. 

An audio summation input is available with a separate audio 
ground, so that all cards can drive the speaker. 

Power and ground pin spacing keeps all bus signals within 
0.1 inch of an AC ground potential, thus minimizing EMI. 

This core set of Signals provides the fundamental structure 
of MCA. Four extensions contain the remaining MCA Bus 
signals. 

The 16-bit Extension widens the data bus and adds more 
interrupts. It adds to the core 8 more data lines, 5 more 
interrupt lines, and a high byte enable line. This extension 
also provides a status signal driven by the adapter card to 
indicate its 16-bit wide data bus capability. 

The Auxiliary Video Extension provides signals from the 
system board for use by video adapter cards. These are all 
of standard video sync Signals (i.e., vsync, hsync, and blank) 
along with enable lines for the Video DAC clock and data 
lines. Through these enable lines the adapter controls 
whether it will source or receive the video DAC clock and 
data. Both of these extensions have the appropriate number 
of power and ground lines to maintain the reduced EMI 
specification. 

Two additional bus extensions found only in the 32-bit MCA 
are the 32-bit extension and the Matched Memory Exten­
sion. The 32-blt Extension widens the data bus by adding: 

16 data signals 
8 address signals 
4 byte enable signals 
3 32-bit data transfer status Signals 
15 power and ground signals to maintain reduced EMI 

The Matched Memory Extension provides Signal lines to 
the adapter, so that the CPU can access RAM on the adapt­
er cards as fast as it accesses system RAM. During 
Matched Memory cycles to the adapter card, the accesses 
will take 3 CPU clock cycles instead of 4. Matched Memory 
cycles use three signal lines. Two of these allow the CPU to 
indicate when it will provide a Matched Memory Cycle and 
when valid data is on the bus. The adapter card uses the 
third signal to request a Matched Memory Cycle. 
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In summary, the MCA provides all Signals necessary for 
CPU or DMA data transfer to additional memory and periph­
erals and for monitoring card or bus status. It also supports 
some miscellaneous functions (e.g., audio, more interrupts, 
a clock oscillator, etc.). The four extensions provide for data 
bus expansion to 32 bits, fast memory access and auxiliary 
video control. 

OVERVIEW OF THE PROGRAMMABLE OPTION SELECT 
(POS) 

The Models 50, 60, 70, and 80 use software to configure the 
system peripherals and adapter cards, rather than providing 
switches and jumpers. This software is called the Configura­
tion Utilities. These utilities match the system peripherals 
and adapter cards to their appropriate initialization files. The 
initialization files are known as Adapter Description Files 
(ADFs). These files each have an I.D. number that associ­
ates each ADF with the matching adapter card I.D. number. 
The ADF contains specific information used by the operator 
during system configuration such as the adapter card name, 
the system resources the adapter can use, and help infor­
mation. It indicates to the system the minimum resources 
required for the adapter card to run. It also contains the 
codes used to record the specific options chosen by the 
operator (e.g., one of the options for an asynchronous com­
munication card is the assignment of the COM port number 
to each UART). The ADF will specify the interrupt level, the 
arbitration level, the 1/0 register addresses, and the memo­
ry range addresses of the adapter card. The Configuration 
Utilities use this information to configure the adapter card 
and provide selectable options to the operator. ADFs are 
ASCII files. 

When invoked, the Configuration Utilities begin reading the 
adapter card I.D. numbers and then read the ADF I.D. num­
bers (Figure 3). They disable any cards that don't have an 
ADF and indicate any conflict of resources (e.g., the same 
COM port address assigned to two different UARTs) to the 
operator. When there are no conflicts or when the system is 
automatically configured, the utilities generate the system 
configuration data. The 64-byte CMOS RAM (all models) 
and the 2 kbyte CMOS RAM extension (Model 60, 70, and 
80) store the configuration data. Once stored the system is 
ready for normal power-up operation. 

During normal power-up (Figure 4) the Power On Self-Test 
(POST) software tests the hardware and compares the 
adapter I.D. numbers to those in the configuration RAM. If 
the numbers match, it initializes each adapter card. If they 
don't match, it requests that the Configuration Utilities be 
run to resolve the conflicts. 

UART ACCESSES-SOFTWARE 

During normal operation UART accesses are done by the 
applications software via DOS routines, BIOS routines, or by 
direct access to the UARTs designated addresses. The ad­
dresses of each UART in the system are aSSigned during 
system configuration. 

Using the Configuration Utilities the operator assigns 1 of 8 
available base addresses to the asynchronous communica­
tions ports on the adapter cards. Table 1 lists all possible 
addresses for the asynchronous communications ports; 
they include the original "COM1" and "COM2" addresses 
of the IBM AT in order to maintain software compatibility. 

• 



TUCI 1 0456-3 

FIGURE 3. Configuration Utilities 
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FIGURE 4. POST and Configuration Utilities 
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TABLE 1. Asynchronous Communication 
Port Addresses 

Name I/O Addr. Interrupt Comment 

Serial 1 03f8-03ff IR04 COM1 
Serial 2 02f8-02ff IR03 COM2 
Serial 3 3220-3227 IR03 
Serial 4 3228-322f IR03 
Serial 5 4220-4227 IR03 
Serial 6 4228-422f IR03 
Serial 7 5220-5227 IR03 
Serial 8 5228-522f IR03 

The system board description file restricts the addresses of 
the system board NS16550A to either COM1 or COM2. 
Adapter card ADFs determine which addresses are avail­
able for the UARTs on the adapter cards. Each adapter card 
contains a set of registers in the adapter I/O address space 
from 0100 to 0107 hex and also at 94 and 96 hex. Since 
these registers are at identical locations on all adapter 
cards, the system decodes a unique signal for each card 
when it needs to address these registers. This unique signal 
is called Card Setup [-CD SETUP (n)l. These ten registers 
in the adapter I/O address space: 

1. Enable either the adapter card or the system board. 

2. Store the adapter card 1.0. number. 

3. Record the selected card options. 

4. Store card initialization data contained in the ADF. 

5. Provide error status or a pOinter to error status. 

The NMI error handler uses this error status when the 
adapter card signals (via channel check, CHCK) a serious 
error. The error must be one that threatens the continued 
operation of the system (i.e., a parity error). One of the se­
lectable options that the POS registers store is the address 
assigned to each UART on the adapter card. 

The UART and these POS registers may be accessed at 
any time through the DOS Debug port I/O utility. This is 
done by enabling the setup of a particular adapter card 
through POS registers 0094, 0102 hex and then transferring 
the data to the aSSigned UART addresses. The Debug utility 
allows the adapter card configuration to be changed without 
running the Configuration Utilities. By not using the Configu­
ration Utilities the user can easily cause configuration con­
flicts and should be cautious. IBM does not recommend this 
method of access, but is useful when testing new hardware. 

UART ACCESSEs-HARDWARE 

Appendix A contains timing diagrams of accesses to the 
NS16550A addressed as COM2 on an IBM Dual Asynchro­
nous Card. Signals from the Micro Channel Bus access this 
card. The timing of these signals should be the same for all 
PS/2 systems with MCA, however the measurements in Ap­
pendix A were done on only the Model 50 and Model 80. 
The read pulse width is approximately 390 ns. The write 
pulse width is approximately 220 ns and the chip select set­
up time is approximately 290 ns. The first two diagrams in 
Appendix A illustrate the basic read and write accesses to 
the UART. The middle two diagrams illustrate "back-to­
back" write and read accesses to the Scratch Pad Register 
in the UART. The last two diagrams illustrate the initializa­
tion steps done during POST. 
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INTERRUPT HANDLING AND USE OF THE FIFOS 

Interrupts on the PS/2 Models 50, 60, 70, and 80 are level­
sensitive low active. This differs from the positive edge-sen­
sitive interrupts on the IBM PCs, XTs, and ATs. There are 
several reasons for this change. One of the main reasons is 
interrupt sharing. It is apparent from the serial port address­
es listed in Table 1, that 7 of the 8 serial ports will activate 
IRO 3 for interrupt service. In an edge-sensitive system the 
Interrupt Control Unit (ICU) will not record any interrupt edg­
es arriving after the first edge, but before the first interrupt is 
cleared. This makes interrupt sharing in an edge-sensitive 
system impossible, unless each device sharing the interrupt 
is sophisticated enough to only issue an interrupt when an­
other device hasn't. 

In a level-sensitive system multiple open-collector devices 
can hold the same interrupt line low until the CPU services 
each one. The only additional hardware required is an inter­
rupt pending latch on each adapter card so that the CPU, 
can identify the card with an active interrupt. The CPU then 
executes the appropriate service routine for that card. This 
normally clears the device interrupt. The software then 
sends an End of Interrupt (EOI) to the ICU. If the same 
interrupt is still pending (interrupt sharing) the CPU checks 
the next card that could activate the interrupt Signal for an 
active interrupt pending bit. If the bit is active the CPU serv­
ices the interrupt as described above. It continues trying to 
clear this interrupt by checking and servicing the cards left 
in the chain until the interrupt clears or a higher priority 
event occurs. 

Devices sharing the same interrupt level may have a lengthy 
wait before the CPU can service their interrupts. This can 
have a significant impact on the performance of a serial 
channel receiver. Since the receiver has no immediate con­
trol over the arrival of the incoming data without CPU inter­
vention, it must be able to store the data for a period longer 
than the interrupt latency time of the CPU. The NS16550A 
has a provision for long interrupt latencies. Both the receiver 
and transmitter have 16-byte FIFOs. The CPU enables 
these FIFOs by writing an x1 hex to the third register (FCR) 
of the UART. All UARTs that have this FIFO capability will 
set two indicator bits in their Interrupt Identification Register 
(IIR). 

Therefore, the software must read a Cx hex from the third 
register (IIR) of the UART before relying on the FIFOs. The 
receiver FIFO buffers incoming data. As this receiver FIFO 
fills, it will activate an interrupt. The CPU programs the level 
of receiver FIFO "fullness" needed to trigger this interrupt. 
The CPU selects one of these interrupt trigger levels during 
the UART initialization. This programmable trigger level al­
lows the receiver FIFO to accommodate varying system in­
terrupt latency times. When the receiver FIFO fills to this 
trigger level the UART issues an interrupt. 

Another advantage of having the FIFOs on both the trans­
mitter and receiver is the reduction in the number of inter­
rupts the CPU must process. The NS16550A with enabled 
FIFOs can issue 'A6th the number of transmitter interrupts 
to the CPU as compared to one with disabled FIFOs. The 
reduction in receiver interrupts is proportional to the number 
of bytes stored in the FIFO before the programmed trigger 
level is reached. Handling fewer interrupts reduces the 
amount of overhead the CPU needs to execute. Using the 
transmitter FIFO allows the CPU to send the same amount 
of data while executing 'A6th the overhead. 



The PS/2 architecture is well structured. It has many of the 
data and control pathways one expects in a more advanced 
system and some unexpected ones. This structure ensures 
that the software accesses to the NS16550A are identical, 
whether the UART is on the system board or an MCA adapt­
er card. Allow the programmer needs to know is the serial 
port address of the target UART and its register set. The 

APPENDIX A 

timing of signals accessing the UART on the MCA Bus is 
identical regardless of the system CPU. The timing of these 
signals is more than adequate for reliable operation of the 
NS16550A. As more multitasking and multiuser applications 
are written for the serial channels, the benefits of on-chip 
FIFOs will be apparent. 

Dual ASYNC Card Read and Write 

INPUTS S C MEMORY 
77 /CS2 

76 CSI 

75 CSO -----------~---------~·~---------------SHOWN 
16 CHN 
128 BIT 74 

-------+-------r----------REF ILC 

------------+----------+C---------------~I~ITRES 
A2 

S 

73 AI 

72 AO 

71 /RD 

70 /WR 
S 

57 D7 

56 D6 

55 D5 

54 D4 
S 

53 D3 

52 D2 

51 Dl 

50 DO 
MARKER AODR 
START MAG S -00044 
CURSOR C +00038 
TRIGGER T +00000 

I 

I 

I 

I 

I 

I 

I 

I 

I 

DATA 
00100011 1111 1111 
0110111100000011 
01101101 1111 1111 

I 

C 

I 

C 

I 

I 

J 

I 

I 

J 

SEARCH 
OFF 

CLOCK 
PRESENT 
10 NS 
NEXT 
10 NS 

HOME 
TIME DISTANCE ADDR 
S-T +000.44 US S'+01360 
C-T +000.38 US C'+01792 
C - S +000.02 US 

-0253---S oc----------------------------------------------------------- +1791 
Roll 10 desired .elecllon 

PS/2 Model 50 & Model 80 read from Dual ASYNC card (03 from LCR) read widlh 390 ns 

Data file M50 lORD-Ref, Konlron PS/2 info Disk 
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INPUTS S 
77 /CS2 

76 CSI 

75 CSO 

74 A2 

73 AI 

72 AO 

71 /RO 

70 /WR 
S 

57 07 

56 06 

55 05 

54 04 

53 03 

52 02 

51 01 

50 00 
MARKER AOOR 
START MAG S -00043 
CURSOR C +00021 
TRIGGER T +00000 

T 

: I 
T 

I 

I 

I 

I 

I 

I 

L 

L 

I 

DATA 
0011 0011 1111 1111 
0110111100000011 
0110111000000011 

I 

I 

I 

I 

J 

I 

J 

I 

I 

MEMORY 
REr ILC 

SHOWN 
16 CHN 
128 BIT 
1 BIT 
MIN RES 

SEARCH 
orr 

CLOCK 
PRESENT 
10 NS 
NEXT 
10 NS 

HOME 

TIME DISTANCE AODR 
S - T +000.43 US S' +01360 
C-T +000.21 US C'+01792 
C - S +000.64 US 

-0253 - S T------------------------------ +1791 
Roll to desired selection 

PS/2 Model 50 & 80 write to Dual ASYNC card (03 to LCR) write width 220 ns 

Data file M50 IOWR·Ref. Kontron PS/2 info Disk 
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Back-to-Back Write to SCR and Read from SCR 

INPUTS S 
77 /C'J32 

76 C'J31 

75 C'J3. 

74 A2 
S 

73 AI 

72 A. 

71 IRO 

70 /WR SEARCH 
S 

57 07 

56 06 

55 05 

54 04 
S 
-----.~r-~1±=~ 

T C 
53 03 

52 02 

51 01 

5. 00 ---'~~-----MI~_ 
MARKER ADOR DATA nME DISTANCE AOOR 
START NAG S -00387 0011 0011 1111 1111 SooT +003.87 US 5'+01360 
CURSOR C +00036 alii 1111 10101010 C-T +000.36 US C'+OI792 
TRlGGER T +00000 0111110111111111 C-S +004.23 US 

... 2301 -----------------S ~------------------------------ +1791 
Roll to desired selection 

Back to back write to SCR and read from SeR during power-up 

Write width 220 ns 
Read width 340 ns 
time Iwr to Ird model 50 279 ns, model 80 192 ns 
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INPUts S WEMORY 
77 /CS2 

____ + _______ -! ____________________ REf llC 

7. CSI 

75 CSO 

7. A2 
-_:::::::~::::::::::::::::~:::::::::::::::::::::::::::::::::::::::~O~N 

S 

128 BIT 
lBrr 
WIN RES 

73 A1 

72 AD 

71 /RO 

70 /WR 

57 07 

" D. 

SS 05 

54 D. 

53 03 

52 02 

51 01 

50 DO 

WARKER 

I 

SEARCIi 
Of!" 

I 
<----I ---+----1 CLOCK 
- PRESENT 

------__ r-______________ ~-----------------------------------~~~S ____ -!, r _______________ 10NS 

1 

HOWE 

AOOR DATA TIME DISTANCE ADOR 
START WAG S -00020 0111 1111 1111 1111 SooT +000.20 US S'+01360 
CURSOR C +00036 0111 1111 1010 1010 CooT +000.36 US C'+01792 
TR1OGE1! T 

"2301 
+00000 0111 1101 1111 1111 CooS +000.56 US 

--------------------~----------------------~---- +1791 
Roll to desired selection 

Detail of read cycle shown above 

File M50 bk-bk ref, Kontron PS/2 info Disk 
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co 
N 
<0 

I 

Z 
CC INPUTS S C 

77 /CS2 

E 
76 CSI 

75 CSO 

74 A2L...Jl 

73 Al 

72 AO 

71 /RO 

70 /WR 

57 

56 06 

55 05 

54 04 

53 03 

52 02 

51 01 

50 DO 

MARKER AODR 
START MAG S -00861 
CURSOR C +00573 
TRIGGER T +00000 

DATA 
0011 0011 1111 1111 
01101111 10000000 
0110011000000000 

-2557 ----------S C 
Roll to desired selection 

COM2 Initialization 

T MEMORY 

0"" 

l~ 
16 BIT 
MIN RES 

T 

SEARCH 
orr 

CLOCK 
PRESENT 

,... _____ ~~x~S 

10 NS 

HOME 

TIME DISTANCE AODR 
S-T +008.61 US S'+01360 
C-T +005.73 US C'+01536 
C - S +002.88 US 

+1535 

TL/C/l0456-9 

PS/2 Model SO and BO Dual ASYNC card initialization for COM2. The cursor shows the second write to the UART. The first write is shown on the "8ack-TO-8ack 
write to SCR Read from SCR" Timing Diagram 
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Detail of Last Part of Initialization 

INPUTS 5 C T MEIIIORY 

:7:/:A:21~ _---In ~ REFLC 

. _ n .. __ 3Gu_..I 1""""---, ~ ___ r~i~~ 
"---'" MIN RES 

5 C 

73 Al 

72 AO 

71 fRO 

70 /WR 

5 
57 07 

56 D6 

55 D5 

54 04 

5 
53 D3 

52 02 

51 01 

50 DO 

MARKER ADDR 
START MAG 5 -00109 
CURSOR C +00835 
TRIGGER T +00000 

DATA 
DOlO DOll 1111 1111 
01101011 1111 1111 
0110 0110 0000 0000 

SEARCH 
OFF 

CLOCK 
PRESENT r+ ____ ~~5 
10 N5 

HOllE 

TIME DISTANCE ADDR 
5-T +001.09 US 5'+01360 
C - T +006.35 US C' +01536 
C - 5 +009.44 US 

-2557 --------------------------5 T C- +1535 
Ron to desired selection TL/C/l0458-10 

Initialization sequence 
(Including SCR) 

WR SCR AAH Check for 8250-B Part 
RD SCR AAH 

WR CCR 80H SetDlab 

WR DLH OOH Sel Beud 10 2400 
WR DLL 30H 

WR LCR 03H 8 Data, 1 Slop, no Parity 

WR IER DOH Disable Intrs 

RD LSR 60H Clear Status 

RD MSR OOH Clear Stalus 
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~National 
~ Semiconductor 
MM74HC942 300 Baud Modem 

General Description Features 
• Drives 600n at 0 dBm 
• All filters on chip 

The MM74HC942 is a full duplex low speed modem. It pro­
vides a 300 baud bidirectional serial interface for data com­
munication over telephone lines and other narrow band­
width channels. It is Bell 103 compatible. 

• Transmit level adjustment compatible with universal 
service order code 

• TTL and CMOS compatible logiC The MM74HC942 utilizes advanced silicon-gate CMOS 
technology. Switched capacitor techniques are used to per­
form analog signal processing. 

• All inputs protected against static damage 

• ± 5V supplies 

MODULATOR SECTION • Low power consumption 

The modulator contains a frequency synthesizer and a sine 
wave synthesizer. It produces a phase coherent frequency 
shift keyed (FSK) output. 

• Full duplex answer or originate operation 
• Analog loop back for self test 

• Power down mode 

LINE DRIVER AND HYBRID SECTION Applications 
The line driver and hybrid are deSigned to facilitate connec­
tion to a 600n phone line. They can perform two-to-four­
wire conversion and drive the line at a maximum of 0 dBm. 

• Built-in low speed modems 
• Remote data collection 

• Radio telemetry 
DEMODULATOR SECTION • Credit verification 

• Stand-alone modems 
• Point-of-sale terminals 

The demodulator incorporates anti-aliasing filters, a receive 
filter, limiter, discriminator, and carrier detect circuit. The 
nine pole receive filter provides 60 dB of transmitted tone 
rejection. The discriminator is fully balanced for stable 
operation. 

• Tone Signalling systems 
• Remote process control 

Connection and Block Diagrams 
Vee GND vaa XTALS 

Dual-In-Line Package 

DSI 20 TLA 

ALB 19 GND 

l:ii 18 EXI 

CDT TXA TLA-f---1 

RXD RXAI 

Vee RXA2 

DSI-ll---~_---., 
CDA SOT 

XTALD 13 OIA 
TM -11--_ ..... < 

XTALB 12 VBB 

FI1..C 10 11 TXD EXI-f--=:==~----

TL/F/534S-1 

Top View RXA2 -f-M~"-'-Wlr---..... ,....t-... 

Order Number MM54HC942* or 
MM74HC942' 

'Please look into Section S, Appendix 0 for 
availability of various package types. 

RXA1-f----t 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
please contact the National Semiconductor Sales Supply Voltage {Veel 4.5 5.5 V 
Office/Distributors for availability and specifications. Supply Voltage (Vss) -4.5 -5.5 V 
Supply Voltage (Vee) -0.5to +7.0V DC Input or Output Voltage 0 Vee V 
Supply Voltage (Vss) + 0.5 to - 7.0V (VIN, VOUT) 

DC Input Voltage (VIN) Vss-1.5 to Vee + 1.5V Operating Temp. Range (T A) 

DC Output Voltage (VOUT) Vss-0.5 to Vee+0.5V MM74HC -40 +85 'C 

Clamp Diode Current (11K, 10K) ±20mA Input Rise or Fall Times 

DC Output Current, per pin (lOUT) ±25mA (tr, til 500 ns 

DC Vee or GND Current, per pin (Ieel ±50mA Crystal frequency 3.579 MHz 

Storage Temperature Range (T 8TG) - 65'C to + 150'C 

Power Dissipation (Po) 
(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temp. (h) 
(Soldering 10 seconds) 260'C 

DC Electrical Characteristics 

T=25'C 
74HC 

Symbol Parameter Conditions T= -40 to 85'C Units 

Typ Guaranteed Limits 

VIH Minimum High Level 3.15 3.15 V 
Input Voltage 

VIL Maximum Low Level 1.1 1.1 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI = 20 !LA Vee Vee- 0:1 Vee- 0.1 V 

IIOUTI = 4.0 mA, Vee = 4.5V 3.98 3.7 V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage ilOUTI=20 !LA 0.1 0.1 V 

ilOUTI =4.0 mA, Vee=4.5V 0.26 0.4 V 

liN Maximum Input VIN=VceorGND ±0.1 ± 1.0 !LA 
Current 

loz OutputTRI-STA TE® ALB=SQT=Vee ±5 !LA 
Leakage Current 
RXD and CD Outputs 

Icc, Iss Maximum Quiescent VIH = Vee, VIL = GND 8.0 12.0 12.0 mA 
Supply Current ALBorSQT=GND 

Transmit Level = - 9 dBm 

Icc, Iss Power Down Supply Current ALB=SQT=Vee 300 p.A 

VIH = Vee, VIL =GND 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic .oN'" package: - t 2 mW /'C from 65"C to 85"C; ceramic .oJ"' package: -12 mW /'C from 100"C to 125°C. 

"'The demodulator specifications apply to the MM74HC942 operating with a modulator having frequency accuracy, phase jitter and harmonic content equal to or 
better than the M M74HC942 modulator. 
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AC Electrical Characteristics 
Unless otherwise specified, all specifications apply to the MM74HC942 over the range - 40·C to + 85·C using a V CC = +5V 
±10%, a Vee = -5V ±10% and a 3.579MHz ±0.1% crystal." 

Symbol Parameter Conditions Min Typ Max Units 

TRANSMITTER 

FCE Carrier Frequency Error 4 Hz 

Power Output Vcc=5.0V I RTLA = on -3 -1.5 0 dBm 

RL =1.2kn I RTLA = 5.49 k!1 -12 -10.5 -9 dBm 

2nd Harmonic Energy RTLA = on -62 -56 dBm 

RECEIVE FILTER AND HYBRID 

Hybrid Input Impedance 50 kD. 
(Pins 15 and 16) 

FTLC Output Impedance 5 10 50 kD. 

Adjacent Channel Rejection RXA2=GND TXA=GNDorVcc 60 dB 
Inputto RXA1 

DEMODULATOR (INCORPORATING HYBRID, RECEIVE FILTER AND DISCRIMINATOR) 

Carrier Amplitude -48 -9 dBm 

Bit Jitter SNR = 30dB } 100 200 J-LS 
Input = -38 dBm 

Baud Rate = 300 Baud 

Bit Bias Alternating 1-0 Pattern 5 10 % 

Carrier Detect Trip Points CDA=1.2V I OHto On -45 -42 -40 dBm 

Vcc=5.0V I On to Off -47 -45 -42 dBm 

Carrier Detect Hysteresis Vcc=5V 2 3 4 dB 

AC Specification Circuit 

3.5795 MHz ± 0.1% 
SUPPLIES Vee = + 5V 

~O~ VBB= -5V 

RTLA 
Vee TLA 

ro- TXA 

~ RXA2 
TXD I+-DATA INPUT 

600 
MM74HC942 

TEST 
OUTPUT RXD f--+ DATA OUTPUT 

600 
RXAI 

""1 CDT CDA FTLC 
INPUT: 

.L, .LOI F .LO.l~F J O
•1fLF r· ~ r±10% 

TL/F/5348-3 
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Description of Pin Functions 
Pin 

Name Function No. 

DSI Driver Summing Input This may be used to 
transmit externally generated tones such as 
dual tone multifrequency (DTMF) dialing sig-
nals. 

2 ALB Analog Loop Back: A logiC high on this pin 
causes the modulator output to be connect-
ed to the demodulator input so that data is 
looped back through the entire chip. This is 
used as a chip self test. If ALB and SOT are 
simultaneously held high the chip powers 
down. 

3 CO Carrier Detect: This pin goes to a logic low 
when carrier is sensed by the carrier detect 
circuit. 

4 COT Carrier Detect Timing: A capacitor on this 
pin sets the time interval that the carrier 
must be present before the CD goes low. 

5 RXD Received Data: This is the data output pin. 

6 Vee Positive Supply Pin: A + 5V supply is recom-
mended. 

7 CDA Carrier Detect Adjust: This is used for ad-
justment of the carrier detect threshold. Car-
rier detect hysteresis is set at 3 dB. 

B XTALD Crystal Drive: XTALD and XTALS connect 
to a 3.5795 MHz crystal to generate a crys-
tal locked clock for the chip. If an external 
circuit requires this clock XT ALD should be 
sensed. If a suitable clock is already avail-
able in the system, XT ALD can be driven. 

9 XTALS Crystal Sense: Refer to Pin B for details. 

10 FTLC Filter TestiLimiter Capacitor: This is con-
nected to a high impedance output of the 
receive filter. It may thus be used to evalu-

Functional Description 
INTRODUCTION 

A modem is a device for transmitting and receiving serial 
data over a narrow bandwidth communication channel. The 
MM74HC942 uses frequency shift keying (FSK) of an audio 
frequency tone. The tone may be transmitted over the 
switched telephone network and other voice grade chan­
nels. The MM74HC942 is also capable of demodulating 
FSK signals. By suitable tone allocation and considerable 
signal processing the MM74HC942 is capable of transmit­
ting and receiving data simultaneously. 

The tone allocation by the MM74HC942 and other Bell 103 
compatible modems is shown in Table I. The terms "origi­
nate" and "answer" which define the frequency allocation 
come from use with telephones. The modem on the end of 
the line which initiates the call is called the originate mo­
dem. The other modem is the answer modem. 

TABLE I. BELL 103 Allocation 

Data 
Originate Modem Answer Modem 

Transmit Receive Transmit Receive 

Space 1070Hz 2025Hz 2025Hz 1070Hz 

Mark 1270Hz 2225Hz 2225Hz 1270Hz 
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Pin 
Name Function No. 

ate filter performance. This pin may also be 
driven to evaluate the demodulator. RXA 1 
and RXA2 must be grounded during this 
test. 
For normal modem operation FTLC is AC 
grounded via a 0.1 ",F bypass capacitor. 

11 TXD Transmitted Data: This is the data input. 

12 Vaa Negative Supply: The recommended supply 
is -5V. 

13 a/A Originate/Answer mode select: When logic 
high this pin selects the originate mode of 
operation. 

14 SOT Squelch Transmitter: This disables the mod-
ulator when held high. The EXI input re-
mains active. If SOT and ALB are simulta-
neously held high the chip powers down. 

15 RXA2 Receive Analog '" 2: RXA2 and RXA 1 are 
analog inputs. When connected as recom-
mended they produce a 600n hybrid. 

16 RXA1 Receive Analog '" 1: See RXA2 for details. 

17 TXA Transmit Analog: This is the output of the 
line driver. 

18 EXI External Input: This is a high impedance in-
put to the line driver. This input may be used 
to transmit externally generated tones. 
When not used for this purpose it should be 
grounded. 

19 GND Ground: This defines the chip OV. 

20 TLA Transmit Level Adjust: A resistor from this 
pin to V cc sets the transmit level. 

THE LINE INTERFACE 

The line interface section performs two to four wire conver­
sion and provides impedance matching between the mo­
dem and the phone line. 

THE LINE DRIVER 

The line driver is a power amplifier for driving the line. If the 
modem is operating as an originate modem, the second har­
monics of the transmitted tones fall close to the frequencies 
of the received tones and degrade the received signal to 
noise ratio (SNR). The line driver must thus produce low 
second harmonic distortion. 

THE HYBRID 

The voltage on the telephone line is the sum of the transmit­
ted and received Signals. The hybrid subtracts the transmit­
ted voltage from the voltage on the telephone line. If the 
telephone line was matched to the hybrid impedance, the 
output of the hybrid would be only the received signal. This 
rarely happens because telephone line characteristic im­
pedances vary considerably. The hybrid output is thus a 
mixture of transmitted and received signals. 



Functional Description (Continued) 

THE DEMODULATOR SECTION 

The Receive Filter 

The demodulator recovers the data from the received sig­
nals. The signal from the hybrid is a mixture of transmitted 
signal, received signals and noise. The first stage of the 
receive filter is an anti-alias filter which attenuates high fre­
quency noise before sampling occurs. The signal then goes 
to the second stage of the receive filter where the transmit­
ted tones and other noise are filtered from the received sig­
nal. This is a switched capacitor nine-pole filter providing at 
least 60 dB of transmitted tone rejection. This also provides 
high attenuation at 60 Hz, a common noise component. 

The Discriminator 

The first stage of the discriminator is a hard limiter. The hard 
limiter removes from the received signal any amplitude 
modulation which may bias the demodulator toward a mark 
or a space. It compares the output of the receive filter to the 
voltage on the 0.1 ",F capacitor on the FTLC pin. 

The hard limiter output connects to two parallel bandpass 
filters in the discriminator. One filter is tuned to the mark 
frequency and the other to the space frequency. The out­
puts of these filters are rectified, filtered and compared. If 
the output of the mark path exceeds the output of the space 
path the RXD output goes high. The opposite case sends 
RXD low. 

The demodulator is implemented using precision switched 
capacitor techniques. The highly critical comparators in the 
limiter and discriminator are auto-zeroed for low offset. 

Carrier Detector 

The output of the discriminator is meaningful only if there is 
sufficient carrier being received. This is established in the 
carrier detection circuit which measures the signal on the 
line. If this exceeds a certain level for a preset period (ad­
justable by the CDT pin) the CD output goes low indicating 
that carrier is present. Then the carrier detect threshold is 
lowered by 3 dB. This provides hysteresis ensuring the CD 
output remains stable. If carrier is lost CD goes high after 
the preset delay and the threshold is increased by 3 dB. 

MODULATOR SECTION 

The modulator consists of a frequency synthesizer and a 
sine wave synthesizer. The frequency produces one of four 
tones depending on the alA and TXD pins. The frequencies 
are synthesized to high precision using a crystal oscillator 
and variable dual modulus counter. The counters used re­
spond quickly to data Changes, introducing negligible bit jit­
ter while maintaining phase coherence. 

The sine wave synthesizer uses switched capacitors to 
"look up" the voltages of the sine wave. This sampled sig­
nal is then further processed by switched capacitor and 
continuous filters to ensure the high spectral purity required 
by FCC regulations. 

Applications Information 
TRANSMIT LEVEL ADJUSTMENT 

The transmitted power levels of Table II refer to the power 
delivered to a 600n load from the external 600n source 
impedance. The voltage on the load is half the TXA voltage. 
This should be kept in mind when designing interface cir­
cuits which do not match the load and source impedances. 
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The transmit level is programmable by placing a resistor 
from TLA to VCC. With a 5.5k reSistor the line driver trans­
mits a maximum of - 9 dBm. Since most lines from a phone 
installation to the exchange provide 3 dB of attenuation the 
maximum level reaching the exchange will be -12 dBm. 
This is the maximum level permitted by most telephone 
companies. Thus with this programming the MM74HC942 
will interface to most telephones. This arrangement is called 
the "permissive arrangement." The disadvantage with the 
permissive arrangement is that when the loss from a phone 
to the exchange exceeds 3 dB, no compensation is made 
and SNR may be unnecessarily degraded. 

SNR can be maximized by adjusting the transmit level until 
the level at the exchange reaches -12 dBm. This must be 
done with the cooperation of the telephone company. The 
programming resistor used is specific for a given installation 
and is often included in the telephone jack at the installa­
tion. The modem is thus programmable and can be used 
with any jack correctly wired. This arrangement is called the 
universal registered jack arrangement and is possible with 
the MM74HC942. The values of resistors required to pro­
gram the MM74HC942 follow the most common code in 
use; the universal service order code. The required resistors 
are given in Table II. 

TABLE II. Universal Service Order Code Resistor Values 

Line Transmit Programming 
Loss Level Resistor (RTLA) 
(dB) (dBm) (Ohms) 

0 -12 Open 
1 -11 19,800 
2 -10 9,200 
3 -9 5,490 
4 -8 3,610 
5 -7 2,520 
6 -6 1,780 
7 -5 1,240 
8 -4 866 
9 -3 562 
10 -2 336 
11 -1 150 
12 0 0 

CARRIER DETECT THRESHOLD ADJUSTMENT 

The carrier detect threshold is directly proportional to the 
voltage on CDA. This pin is connected internally to a high 
impedance source. This source has a nominal Thevenin 
equivalent voltage of 1 .2V and output impedance of 100 kn. 

By forcing the voltage on CDA the carrier detect threshold 
may be adjusted. To find the voltage required for a given 
threshold the following equation may be used; 

VeDA = 244 X VON 

VeDA = 345 X VOFF 

CARRIER DETECT TIMING ADJUSTMENT 

CDT: A capacitor on Pin 4 sets the time interval that the 
carrier must be present before CD goes low. It also 
sets the time interval that carrier must be removed 
before CD returns high. The relevant timing equations 
are: 

TeDL"" 6.4XCeDT for CD going low 

TeDH "" 0.54XCeDT for CD going high 

Where TeDL & TeDH are in seconds, and CeDT is in ",F. 



Applications Information (Continued) 

DESIGN PRECAUTIONS 
Power supplies to digital systems may contain high ampli­
tude spikes and other noise. To optimize performance of the 
MM74HC942 operating in close proximity to digital systems, 
supply and ground noise should be minimized. This involves 
attention to power supply design and circuit board layout. 

Power supply decoupling close to the device is recommend­
ed. Ground loops should be avoided. For further discussion 
of these subjects see the Audio/Radio Handbook published 
by National Semiconductor Corporation. 

Interface CircuIts for MM74HC942 300 Baud Modem 
~ WIRE CONNECTION 

r , r--, 
I I 

II1II 

ED'" 
TXA 

I I 
CIIIIMUNICKIION 

I CHANNa. 
DR 

""" PHONE LINE I I """ 

[ll' 0'" 
RIA. 

"" I "" I IllIG 

RIA' 

or COMMUNICATION 

I I CHANNEL 
DR 

L .J L ':": .J 

TL/F/5348-4 

CeOT and RnA should be chosen to sun the application. See the Applications Information for mOl8 details. 

Complete Acoustically Coupled 300 Baud Modem 

150k 
0.1 pi' 

MODE SELECT 

ALB 
EXI 

ORIDINATE +5V 
RICA! D/X 

ANSWER 

~ MM74HC942 
RXAI 

TRANSMITTED 
DATA 

RECEIVED 
DATA 

330 LED 
mI +6V 

CARRIER 
DETECT 

INDICATION 

TLIF/5348-5 

Nota: The efficiency of the acoustic coupling will Bet the valves of Rt and R2. 
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~National PRELIMINARY 

~ Semiconductor 
MM74HC943 300 Baud Modem 

General Description Features 
• 5V supply 
• Drives 600n at -9 dBm 
• All filters on chip 

The MM74HC943 is a full duplex low speed modem. It pro­
vides a 300 baud bidirectional serial interface for data com­
munication over telephone lines and other narrow band­
width channels. It is Bell 103 compatible. • Transmit level adjustment compatible with universal 
The MM74HC943 utilizes advanced silicon-gate CMOS 
technology. Switched capacitor techniques are used to pe­
form analog signal processing. 

MODULATOR SECTION 
The modulator contains a frequency synthesizer and a sine 
wave synthesizer. It produces a phase coherent frequency 
shift keyed (FSK) output. 

LINE DRIVER AND HYBRID SECTION 
The line driver and hybrid are designed to facilitate connec­
tion to a 600n phone line. They can perform two to four wire 
conversion and drive the line at a maximum of -9 dBm. 

DEMODULATOR SECTION 
The demodulator incorporates anti-aliasing filters, a receive 
filter, limiter, discriminator, and carrier detect circuit. The 
nine-pole receive filter provides 60 dB of transmitted tone 
rejection. The discriminator is fully balanced for stable 
operation. 

Connection and Block Diagrams 

Dual-In-Line Package 

DSI 20 TLA 

ALB 19 GNDA 

CD 18 EXI 

CDT 17 TXA llA 

RXD 16 RXAI 

service order code 
• TTL and CMOS compatible logic 
• All inputs protected against static damage 
• Low power consumption 
• Full duplex answer or originate operation 
• Analog loop back for self test 
• Power down mode 

Applications 
• Built-in low speed modems 
• Remote data collection 
• Radio telemetry 
• Credit verification 
• Stand-alone modems 
• Point-of-sale terminals 
• Tone signaling systems 
• Remote process control 

Vee GND GNDA XTALS XTALD 

Vee 15 RXA2 '51 --4--.... - ..... -----, 

CDA 14 SOT 

lX. --+--_-< 
XTALD 13 OIA 

XTALS 12 GND 
EXI--t-===~----

mc lD 11 TXD 

TOP VIEW TL/F/5349-1 

Order Number MM74HC943* 
'Please look into Section 8, Appendix 0 for 

RXA1--t----I 

availability of various package types. 

CDA COT FTLC 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
please contact the National Semiconductor Sales Supply Voltage (Veel 4.5 5.5, " V 
Office/Distributors for availability and specifications. DC Input or Output Voltage 0 Vee V 
Supply Voltage (Veel -0.5 to + 7.0V (VIN. Your) 
DC Input Voltage (VIN) -1.5 to Vcc+ 1.5V Operating Temp. Range (TAl 

DC Output Voltage (Vour) -0.5 to Vee+0.5V MM74HC -40 +85 'C 

Clamp Diode Current (11K. 10K> ±20mA Input Rise or Fall Times 

DC Output Current. per pin (lour) ±25mA (tr• tf} 500 ns 

DC Vee or GND Current. per pin (Ieel ±50mA Crystal frequency 3.579 MHz 

Storage Temperature Range (T STG) -65'C to + 150"C 

Power Dissipation (PD) 
(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temp. (T tJ (Soldering 10 seconds) 260"C 

DC Electrical Characteristics Vee=5V ±10% (unless otherwise specified) 

TA=25"C 
74HC 

Symbol Parameter Conditions TA= -40 to 85'C Units 

Typ Guaranteed Limits 

VIH Minimum High Level 3.15 3.15 V 
Input Voltage 

VIL Maximum Low Level 1.1 1.1 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage tlourt = 20 p.A Vee- 0.05 Vee- 0.1 Vee- 0.1 V 

tlourt=4.0 mAo Vcc=4.5V 3.84 3.7 V 

VOL Maximum Low Level VIN=VIHorVIL 
Voltage tlourt=20p.A 0.1 0.1 V 

tlourt=4.0 mAo Vee=4.5V 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND ±0.1 ±1.0 p.A 
Current 

loz Output TRI-STATEiII> ALB=SQT=Vee ±5 p.A 
Leakage Current. 
RXD and CD Outputs 

Icc Maximum Quiescent VIH = Vee. VIL =GND 8.0 10.0 10.0 mA 
Supply Current ALB or.SQT=GND 

IGNDA Analog Ground Current Transmit Level = - 9 dBm 1.0 2.0 2.0 mA 

Icc Power Down Supply Current ALB = SQT=Vee 300 p.A 
VIH=Vee. VIL =GND 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastiC "N'" package: -12 mW I'e from 65'C to 8S'C; ceramic "J'" peckage: -12 mW I'C from 1 OO'C to 12S'C. 
'The demodulator specifications apply to the MM74HC943 operating with a modulator having frequency accuracy. phase iiller and harmonic content equal to or 
beller than the MM74HC943 modulator. 
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AC Electrical Characteristics 
Unless otherwise specified, all specifications apply to the MM74HC943 over the range -40·C to + 85·C using a Vee of + 5V 
± 10%, and a 3.579 MHz ±0.1 % crystal.-

Symbol Parameter Conditions Min Typ Max Units 

TRANSMITTER 

FeE Carrier Frequency Error 4 Hz 

Power Output Vee=5.0V I RTLA = 54900 -12 -10.5 -9 dBm 
RL =1.2 kO 

2nd Harmonic Energy RTLA = 54900 -62 -56 dBm 

RECEIVE FILTER AND HYBRID 

Hybrid Input Impedance 50 kO 
(Pins 15 and 16) 

FTLC Output Impedance 5 10 50 kO 

Adjacent Channel Rejection RXA2=GNDA, TXD=GNDorVee 60 dB 
Inputto RXA1 

DEMODULATOR (INCORPORATING HYBRID, RECEIVE FILTER AND DISCRIMINATOR) 

Carrier Amplitude -48 -12 dBm 

Bit Jitter 8NR = 30dB } 100 200 ,...8 
Input = -38 dBm 
Baud Rate = 300 Baud 

Bit Bias Alternating 1-0 Pattern 5 10 % 

Carrier Detect Trip Points CDA= 1.2V I Off to On -45 -42 -40 dBm 

Vee=5.0V I On to Off -47 -45 -42 dBm 

Carrier Detect Hystereisis Vee=5.0V 2 3 4 dB 

AC Specification Circuit 

3.5795 MHz ± 0.1 % 
SUPPLIES Vee = +5V 

~U~ 
RTLA 2.2k 

Vee TLA GNOA 

22k 1.. 1-
+5V 

r-- TXA 

~ RXA2 IDD.F "E' .F 
600 MM74HC943 -:::. ':" ':" 

TEST TXO _ OATAINPUT 
OUTPUT 

600 10~ 
~. ~~ ."--~~, 

I:~~~ "-' COT COA FTLC 

':" ..LO.' 1'F 1..O., • F 1..O., • F ±10% 

1" J LGNOA 
TL/F/5349-3 • 
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Description of Pin Functions 
Pin 
No. 

Name Function 

1 DSI Driver Summing Input: This input may be 
used to transmit externally generated tones 
such as dual tone multifrequency (DTMF) di· 
aling signals. 

2 ALB Analog Loop Back: A logic high on this pin 
causes the modulator output to be connect-
ed to the demodulator input so that data is 
looped back through the entire chip. This is 
used as a chip self test. If ALB and SaT are 
simultaneously held high the chip powers 
down. 

3 CD Carrier Detect: This pin goes to a logic low 
when carrier is sensed by the carrier detect 
circuit. 

4 CDT Carrier Detect Timing: A capacitor on this 
pin sets the time interval that the carrier 
must be present before the CD goes low. 

5 RXD Received Data: This is the data output pin. 

6 Vee Positive Supply Pin: A + 5V supply is recom-
mended. 

7 CDA Carrier Detect Adjust: This is used for ad-
justment of the carrier detect threshold. Car-
rier detect hysteresis is set at 3 dB. 

8 XTALD Crystal Drive: XT ALD and XT ALS connect 
to a 3.5795 MHz crystal to generate a crys-
tal locked clock for the chip. If an external 
circuit requires this clock XT ALD should be 
sensed. If a suitable clock is already avail-
able in the system. XT ALD can be driven. 

9 XTALS Crystal Sense: Refer to pin 8 for details. 

10 FTLC Filter Test/Limiter Capacitor: This is con-
nected to a high impedance output of the 
receiver filter. It may thus be used to evalu-

Functional Description 
INTRODUCTION 
A modem is a device for transmitting and receiving serial 
data over a narrow bandwidth communication channel. The 
MM74HC943 uses frequency shift keying (FSK) of audio fre­
quency tone. The tone may be transmitted over the 
switched telephone network and other voice grade chan­
nels. The MM74HC943 is also capable of demodulating 
FSK signals. By suitable tone allocation and considerable 
signal processing the MM74HC943 is capable of transmit­
ting and receiving data simultaneously. 

The tone allocation used by the MM74HC943 and other Bell 
103 compatible modems is shown in Table I. The terms 
"originate" and "answer" which define the frequency allo­
cation come from use with telephones. The modem on the 
end of the line which initiates the call is called the originate 
modem. The other modem is the answer modem. 

TABLE I Bell 103 Tone Allocation 

Originate Modem Answer Modem 
Data 

Transmit Receive Transmit Receive 

Space 1070Hz 2025Hz 2025Hz 1070Hz 

Mark 1270Hz 2225Hz 2225Hz 1270Hz 
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Pin 
No. 

Name Function 

ate filter performance. This pin may also be 
driven to evaluate the demodulator. RXA 1 
and RXA2 must be grounded during this 
test. 

For normal modem operation FTLC is AC 
grounded via a 0.1 f.tF bypass capacitor. 

11 TXD Transmitted Data: This is the data input. 

12 GND Ground: This defines the chip OV. 

13 a/A Originate/Answer mode select: When logic 
high this pin selects the originate mode of 
operation. 

14 SaT Squelch Transmitter: This disables the mod­
ulator when held high. The EXI input re­
mains active. If SaT and ALB are simulta­
neously held high the chip powers down. 

15 RXA2 Receive Analog # 2: RXA2 and RXA 1 are 
analog inputs. When connected as recom­
mended they produce a 600n hybrid. 

16 RXA 1 Receive Analog # 1: See RXA2 for details. 

17 TXA Transmit Analog: This is the output of the 
line driver. 

18 EXI External Input: This is a high impedance in­
put to the line driver. This input may be used 
to transmit externally generated tones. 
When not used for this purpose it should be 
grounded to GNDA. 

19 GNDA Analog Ground: Analog signals within the 
chip are referred to this pin. 

20 TLA Transmit Level Adjust: A resistor from this 
pin to Vee sets the transmit level. 

THE LINE INTERFACE 
The line interface section performs two to four wire conver­
sion and provides impedance matching between the mo­
dem and the phone line. 

THE LINE DRIVER 
The line driver is a power amplifier for driving the line. If the 
modem is operating as an originate modem, the second har­
monics of the transmitted tones fall close to the frequencies 
of the received tones and degrade the received signal to 
noise ratio (SNR). The line driver must thus produce low 
second harmonic distortion. 

THE HYBRID 
The voltage on the telephone line is the sum of the transmit­
ted and received signals. The hybrid subtracts the transmit­
ted voltage from the voltage on the telephone line. If the 
telephone line was matched to the hybrid impedance, the 
output of the hybrid would be only the received signal. This 
rarely happens because telephone line characteristic im­
pedances vary considerably. The hybrid output is thus a 
mixture of transmitted and received Signals. 



Functional Description (Continued) 

THE DEMODULATOR SECTION 

The Receive Filter 

The demodulator recovers the data from the received sig­
nals. The signal from the hybrid is a mixture of transmitted 
signal, received signals and noise. The first stage of the 
receive filter is an anti-alias filter which attenuates high fre­
quency noise before sampling occurs. The Signal then goes 
to the second stage of the receive filter where the transmit­
ted tones and other noise are filtered from the received sig­
nal. This is a switch capacitor nine pole filter providing at 
least 60 dB of transmitted tone rejection. This also provides 
high attenuation at 60Hz, a common noise component. 

The Discriminator 

The first stage of the discriminator is a hard limiter. The hard 
limiter removes from the received signal any amplitude 
modulation which may bias the demodulator toward a mark 
or a space. It compares the output of the receive filter to the 
voltage on the 0.1 ",F capacitor on the FTLC pin. 

The hard limiter output connects to two parallel bandpass 
filters in the discriminator. One filter is tuned to the mark 
frequency and the other to the space frequency. The out­
puts of these filters are rectified, filtered and compared. If 
the output of the mark path exceeds the output of the space 
path the RXO output goes high. The opposite case sends 
RXD low. 

The demodulator is implemented using precision switched 
capacitor techniques The highly critical comparators in the 
limiter and discriminator are auto-zeroed for low offset. 

Carrier Detector 

The output of the discriminator is meaningful only if there is 
sufficient carrier being received. This is established in the 
carrier detection circuit which measures the Signal on the 
line. If this exceeds a certain level for a preset period (ad­
justable by the COT pin) the CD output goes low indicating 
that carrier is present. Then the carrier detect threshold is 
lowered by 3 dB. This provides hysteresis ensuring the CD 
output remains stable. If carrier is lost CD goes high after 
the preset delay and the threshold is increased by 3 dB. 

MODULATOR SECTION 

The modulator consists of a frequency synthesizer and a 
sine wave synthesizer. The frequency synthesizer produces 
one of four tones depending on the a/A and TXO pins. The 
frequencies are synthesized to high preCision using a crystal 
oscillator and variable dual modulus counter. 

The counters used respond quickly to data changes, introduc­
ing negligible bit jitter while maintaining phase coherence. 

The sine wave synthesizer uses switched capacitors to 
"look up" the voltages of the sine wave. This sampled sig­
nal is then further processed by switched capacitor and 
continuous filters to ensure the high spectral purity required 
by FCC regulations. 

Applications Information 
TRANSMIT LEVEL ADJUSTMENT 

The transmitted power levels of Table II refer to the power 
delivered to a 600n load from the external 600n source 
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impedance. The voltage on the load is half the TXA voltage. 
This should be kept in mind when designing interface cir­
cuits which do not match the load and source inpedances. 

The transmit level is programmable by placing a resistor 
from TLA to VCC. With a 5.5k resistor the line driver trans­
mits a maximum of -9 dBm. Since most lines from a phone 
installation to the exchange provide 3 dB of attenuation the 
maximum level reaching the exchange will be -12 dBm. 
This is the maximum level permitted by most telephone 
companies. Thus with this programming the MM74HC943 
will interface to most telephones. This arrangement is called 
the "permissive arrangement." The disadvantage with the 
permissive arrangement is that when the loss from a phone 
to the exchange exceeds 3 dB, no compensation is made 
and SNR may be unnecessarily degraded. 

TABLE II. Universal Service Order Code Resistor Values 

Line Transmit Programming 
Loss Level Resistor (RTLA) 
(dB) (dBm) (n) 

a -12 Open 
1 -11 19,800 
2 -10 9,200 
3 -9 5,490 

CARRIER DETECT THRESHOLD ADJUSTMENT 

The carrier detect threshold is directly proportional to the 
voltage on COA. This pin is connected internally to a high 
impedance source. This source has a nominal Thevenin 
equivalent voltage of 1.2V and output impedance of 100 kn. 

By forCing the voltage on COA the carrier detect threshold 
may be adjusted. To find the voltage required for a given 
threshold the following equation may be used: 

VCDA=244 x VON 

VCDA=345 X VOFF 

CARRIER DETECT TIMING ADJUSTMENT 

COT: A capacitor on Pin 4 sets the time interval that the 
carrier must be present before CD goes low. It also 
sets the time interval that carrier must be removed 
before CD returns high. The relevant timing equations 
are: 

T CDL '" 6.4 X CCDT for CD going low 

T CDH '" 0.54 X CCDT for CD going high 

Where TCDL & TCDR are in seconds, and CCDT is in ",F. 

DESIGN PRECAUTIONS 

Power supplies to digital systems may contain high ampli­
tude spikes and other noise. To optimize performance of the 
MM74HC943 operating in close proximity to digital systems, 
supply and ground noise should be minimized. This involves 
attention to power supply design and circuit board layout. 
Power supply decoupling close to the device is recommend­
ed. Ground loops should be avoided. For further discussion 
of these subjects see the Audio/Radio Handbook published 
by National Semiconductor Corporation. 



Applications Information (Continued) 

r , 
Interface Circuits for MM74HC943 300 Baud Modem 

2 Wire Connection 

Uk 

I 
I 

I cO~~~:~:'ON I 

GNOAI-.... -_f--.... JV<'IY-- +5V 

OR 

1 [1r( 
I '=" I 
L ...J 

r---, 
10.F 

RXA2 

RXAI 
MM74HC943 

TlA 

RXD 

Vee 

RTLA 

DATA 
OUTPUT 

T CCDT T O
.
1 "F L"F 

':' '=" GNDA 

4 Wire Connection 

Uk 

+5V 

Uk : orr ~+ 600 TXA 

GNOAI-.... --.... -..., 

0600 : 1:lcE'=" O.I.F 

'" I 600 

I 
COMMUNICATION _ I CHANNEL I - 0.1 ~ 

OR 
L PHONE LINE .J 

RUI 
MM74HC943 

RXA2 

IceD! 

TLA 

RTLA 

OATA 
INPUT 

DATA 
OUTPUT 

CCDT and ATLA should be chosen to suit the application. See the Applications Information for more details. 
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Applications Information (Continued) 

Complete Acoustically Coupled 300 Baud Modem 

TLA 

OSI SOT 

150k 
O.l.F 

":" 
TXA MOOE SELECT 

ALB 
Rl EXI 

ORIGINATE +5V 
RXA2 O/A 

ANSWER 

~ MM74HC943 
RXA1 

TRANSMITTED 
DATA 

R2 

RECEIVED 
lk DATA 

FTLC 

T 1
•
F 330 LED 

O.1/LF 'CD +5V 

CARRIER 
GNDA DE7ECT 

INDICATION 

2.2K 

TL/F/5349-6 

Note: The efficiency of the acoustic coupling will set the values of R 1 and R2. 

5-15 





Section 6 
Transmission Line 
Drivers & Receivers 

NOTE: For complete specifications on 
datasheets in this section please see 
the Interface databook. 
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Transmission Line Drivers/Receivers 

The common purpose of transmission line drivers and re­
ceivers is to transmit data qu.ickly and reliably through a 
variety of environments over electrically long distances. 
This task is complicated by the fact that externally intro­
duced noise and ground shifts can severely degrade the 
data. 

The connection between two elements in a system should 
be considered a transmission line if the transmitted signal 
takes longer than twice its rise or fall time to travel from the 
driver to the receiver. 

Single-Ended Data Transmission 
In data processing systems today there are two basic 
means of communicating between components. One meth­
od is single-ended, which uses only one signal line for data 
transmission, and the other is differential, which uses two 
signal lines. 

The Electronics Industry Association (EIA) has developed 
several standards to simplify the interface in data communi­
cations systems. 

RS-232 

The first of these, RS-232, was introduced in 1962 and has 
been widely used throughout the industry. RS-232 was de­
veloped for single-ended data transmission at relatively 
slow data rates (20 kBaud) over short distances (up to 
50 ft.). 

RS-423 

With the need to transmit data faster and over longer dis­
tances, RS-423, a newer standard for single-ended applica­
tions, was established. RS-423 extends the maximum data 
rate to 100 kBaud (up to 30 ft.) and the maximum distance 

to 4000 feet (up to 1 kBaud). RS-423 also requires high 
impedance driver outputs with power off so as not to load 
the transmission line. 

Differential Data Transmission 
When transmitting at very high data rates, over long dis­
tances and through noisy environments, single-ended trans­
mission is often inadequate. In these applications, differen­
tial data transmission offers superior performance. Differen­
tial transmission nullifies the effects of ground shifts and 
noise signals which appear as common mode voltages on 
the transmission line. 

RS-422 

RS-422 was defined by the EIA for this purpose and allows 
data rates up to 10 MBaud (up to 40 ft.) and line lengths up 
to 4000 feet (up to 100 kBaud). 

Drivers designed to meet this standard are well suited for 
party-line type applications where only one driver is con­
nected to, and transmits on, a bus and up to 10 receivers 
can receive the data. While a party-line type of application 
has many uses, RS-422 devices cannot be used to con­
struct a truly multipoint bus. A multipoint bus consists of 
multiple drivers and receivers connected to a Single bus, 
and anyone of them can transmit or receive data. 

RS-485 

To meet the need for truly multipoint communications, the 
EIA established RS-485 in 1983. RS-485 meets all the re­
quirements of RS-422, but in addition, this new standard 
allows up to 32 drivers and 32 receivers to be connected to 
a single bus-thus allowing a truly multipoint bus to be con­
structed. 

RS-232C Application 

DATA 
IN 

DATA 
IN 

EIA RS-423 Application 
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Differential Data Transmission (Continued) 

EIA RS-422 Application r- RS4ZZ -=J INTERFACE 
.......... ~ ~' > ' "!i! DATA 0- OPTIONAL Rt 

DATA 
IN OUT 

» » 
- - TLlOO/2901-3 

The key features of RS"485: • Drivers can withstand bus contention and bus faults 
• Implements a truly multipoint bus consisting of up to 32 National Semiconductor produces a variety of drivers, re-

drivers and 32 receivers ceivers, and transceivers for these four very popular trans-
• An extended common-mode range for both drivers and mission standards and numerous other data transmission 

receivers in TRI-STATE and with power off (-7V to requirements. 
+12V) Shown below is a table that highlights key aspects of the 

EIA Standards. More detailed comparisons can be found in 
the various application notes in Section 1. 

RS-485 Application 

A)':x ~ A \M' 1\1] " i" 
RT ~ // // ~ RT 120 120 

OHMS " " OHMS 
// IA 

)( ):\ 
// 1 

D-Driver 
T \;/ R - Receiver 

T - Transceiver V 
TLlOO/2901-4 

Specification RS-232C RS-423 RS-422 R5-485 

Mode of Operation Single-Ended Single-Ended Differential Differential 

Number of Drivers and Receivers 1 Driver, 1 Driver, 1 Driver, 32 Drivers, 
Allowed on One Line 1 Receiver 10 Receivers 10 Receivers 32 Receivers 

Maximum Cable Length 50 feet 4000 feet 4000 feet 4000 feet 

Maximum Data Rate 20 kb/s 100 kb/s 10 Mb/s 10 Mb/s 

Driver Output Maximum Voltage ±25V ±6V -0.25Vto +6V -7Vto +12V 

Driver Output Signal Level I Loaded ±5V ±3.6V ±2V ±1.5V 

1 Unloaded ±15V ±6V ±5V ±5V 

Driver Load Impedance 3kOto7k0 4500 min 1000 540 

Maximum Driver Output Current I Power On ---- ---- ---- ±100p.A 
(High Impedance State) I Power Off VMAX/3OOO ±100p.A ±100p.A ±100p.A 

Slew Rate 30V/,."smax Controls Provided ---- ----
Receiver Input Voltage Range ±15V ±12V -7Vto +7V -7Vto +12V 

Receiver Input Sensitivity ±3V ±200 mV ±200mV ±200mV 

Receiver Input Resistance 
I 

3kOt07kO 
I 

4 kO min 4kOmin 12kO min 
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DS 1488 Quad Line Driver 

General Description 
The DS1488 is a quad line driver which converts standard 
TTL input logic levels through one stage of inversion to out­
put levels which meet EIA Standard No. RS-232C and 
CCITT Recommendation V.24. 

Schematic and Connection Diagrams 

01 
INPUT 

INPUT 

1/4 Circuit 

r-----~~------~~~~---oy+ 

Rl R2 

09 

R3 
RB 

r---+--+"'W~ OUTPUT 

07 

OB 

R7 

L-~~--__ ~ ____ ~ __ 4-__ ~y-

TL/F/5776-1 

Typical Applications 

Features 
• Current limited output ± 10 mA typ 
• Power-off source impedance 300n min 
• Simple slew rate control with external capacitor 
• Flexible operating supply range 
• Inputs are TTLILS compatible 

Dual-In-Line Package 
y+ 

y-

Top View 

GNO 

TL/F/5776-2 

Order Number DS1488J, DS1488M or DS1488N 
See NS Package Number J14A, M14A or N14A 

RS-232C Data Transmission 

TIL/OTL 1/4081488 
---r-' 
--.... k)o-
--"L_~ 

1/40S1488/ 
TIl/OTl OS1488A 
,-~-----{t ... --... _r--

INTERFACE DATA 
TERMINAL EQUIPMENT 

INTERCONNECTING 
CABLE 

SIGNAL GROUND 

"'Optional for noise filtering 
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DS 14C88/DS 14C89A Quad CMOS Line Driver IReceiver 

General Description 
The DS14C88 and DS14C89A, pin-for-pin replacements for 
the DS1488/MC1488 and the DS1489/MC1489, are line 
drivers/receivers designed to interface data terminal equip­
ment (DTE) with data communications equipment (DCE). 
These devices translate standard TTL or CMOS logic levels 
to/from levels conforming to RS-232-C and CCID V.24 
standards. 

Both devices are fabricated in low threshold CMOS metal 
gate technology. They provide very low power consumption 
in comparison to their bipolar equivalents; 900 p.A versus 
26 mA for the receiver and 500 p.A versus 25 mA for the 
driver. 

The DS14C88/DS14C89A simplify designs by eliminating 
the need for external capacitors. For the DS14C88, slew 
rate control in accordance with RS-232-C is provided on 
chip, eliminating the output capacitors. For the DS14C89A, 
noise pulse rejection circuitry eliminates the need for re­
sponse control filter capacitors. When replacing the 
DS1489 with DS14C89A, the response control filter pins 
can be tied high, low or not connected. 

Connection Diagrams 
DS14C88 Dual-In-Line Package 

V' 

14 

GNU 
TL/F/B50B-9 

Order Number DS14C88J, DS14C88N and DS14C88M 
See NS Package Number J14A, M14A or N14A 

Features 
• Meets EIA RS-232-C and CCID V.24 standard 
• Low power consumption 
• Pin-for-pin equivalent to DS1488/MC1488 and 

DS1489/MC1489 

• Low Delay Slew 
• DS14C88 Driver 

- Power-off source impedance 300n min. 
- Wide operating voltage range: 4.5V-12.6V 
- DLILSTTL compatible 

• DS14C89A 
- Internal noise filter 
-Inputs withstand ±30V 
- Fail-safe operating mode 
- Internal input threshold with hysteresis 

DS14C89A Dual-In-Llne Package 

I~PUl 

o 
OUlPUl I~PUl OUlPUl 
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Vee 

I~PUl 
A 

NC 0 C NC C 

11 ID 

NC OUlPUl INPUl NC OUTPUT GND 
A 8 8 

TLlF/B50B-2 

Order Number DS14C89AJ, DS14C89AM or DS14C89AN 
See NS Package Number J14A, M14A or N14A 



~National 
~ Semiconductor 
OS1489/0S1489A Quad Line Receiver 

General Description Features 
The DS1489/DS1489A are quad line receivers designed to 
interface data terminal equipment with data communica­
tions equipment. They are constructed on a single monolith­
ic silicon chip. These devices satisfy the specifications of 
EIA Standard RS-232C. The DS1489/DS1489A meet and 
exceed the specifications of MC1489/MC1489A and are 
pin-for-pin replacements. 

• Four totally separate receivers per package 
• Programmable threshold 
• Built-in input threshold hysteresiS 
• "Fail safe" operating mode 
• Inputs withstand ± 30V 

Schematic and Connection Diagrams 
Dual-In-Line Package 

Vee 

(% of unit shown) .. 5k 2k 

" OUTPUT 

~~s:~::~ o--------... --+-AJ~ ... 

.. 
INPUT O---AJ~-t---""--; 

'---... --.... --..... --..... ---<> 'NO 

051489: RF ~ 10k 

051489A: RF ~ 2k 

TLIF/5777-1 

Vee 

14 

RESPONSE RESPONSE 
INPUT CONTROL OUTPUT INPUT CONTROL 

0 0 0 c c 

13 12 11 " 

OUTPUT 
c 

INPUT RESPONSE OUTPUT INPUT RESPONSE OUTPUT GNQ 
A CONTROL A B CONTROL B 

A B 

TLIF/5777-2 
Top View 

Order Number DS1489J, DS1489AJ, 
DS1489M, DS1489AM, DS1489N or DS1489AN 
See NS Package Number J14A, M14A or N14A 

AC Test Circuit and Voltage Waveforms 

INPUT 

RESPONSE CONTROL 
= OPEN OUTPUT Vee 

1ipF 
INCLUDING J JIG ANGPROBE 

-1r----,.~-'---0%---:: 
__ =:-1-+., "r n't--

OUTPUT ] ~ ---4-1J v;; 
'.. t j L,~, 
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TL/F/5777-3 

TLIF/5777-4 
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~National 
~ Semiconductor 
DS26LS31 C/DS26LS31 M Quad High 
Speed Differential Line Driver 

General Description Features 
• Output skew-2.0 ns typical 
• Input to output delay-10 ns 
• Operation from Single 5V supply 
• 16-pin hermetic and molded DIP package 
• Outputs won't load line when Vee = OV 

The DS26LS31 is a quad differential line driver designed for 
digital data transmission over balanced lines. The 
DS26LS31 meets all the requirements of EIA Standard 
RS-422 and Federal Standard 1020. It is designed to pro­
vide unipolar differential drive to twisted-pair or parallel-wire 
transmission lines. 

The circuit provides an enable and disable function common 
to all four drivers. The DS26LS31 features TRI-STATE® 
outputs and logically ANDed complementary outputs. The 
inputs are all LS compatible and are all one unit load. 

• Four line drivers in one package for maximum package 
density 

• Output short-circuit protection 
• Complementary outputs 

The DS26LS31 features a power up/down protection circuit 
which keeps the output in a high impedance state (TRI­
STATE) during power up or down preventing erroneous 
glitches on the transmission lines. 

• Meets the requirements of EIA Standard RS-422 
• Pin compatible with AM26LS31 
• Available in military and commercial temperature range 

• Glitch free power up/down 

Logic and Connection Diagrams 

ENABIT ENABLE 

GNO Vee 

INPUT 0 INPUTC INPUT B INPUT A 

OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 
~ ~ ~ ~ ~ ~ M M 

Dual-In-Line Package 

Top View 
Order Number DS26LS31CJ, DS26LS31CM, 

DS26LS31CN or DS26LS31MJ 
See NS Package Number J16A, M16A or N16A 
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J?A National 
~ Semiconductor 
DS26C31C CMOS Quad TRI-STATE® 
Differential Line Driver 

General Description 
The DS26C31 is a quad differential line driver designed for 
digital data transmission over balanced lines. The DS26C31 
meets all the requirements of EIA standard RS-422 while 
retaining the low power characteristics of CMOS. This en­
ables the construction of serial and terminal interfaces while 
maintaining minimal power consumption. 

The DS26C31 accepts TTL or CMOS input levels and trans­
lates these to RS-422 output levels. This part uses special 
output circuitry that enables the individual drivers to power 
down without loading down the bus. The DS26C31 also in­
cludes speCial power up and down circuitry which will TRI­
STATE the outputs during power up or down, preventing 
spurious glitches on its outputs. This device has enable and 
disable circuitry common to all four drivers. The DS26C31 is 
pin compatible to the AM26LS31 and the DS26LS31. 

All inputs are protected against damage due to electrostatic 
discharge by diodes to Vee and ground. 

Connection Diagram 

Dual-In-Line Package 

INPUT A 

CHANNEL A { 
OUTPUTS "';'f-_.J 

ENABLE 

CHANNEL B{ 
OUTPUTS 

TOp View 
TL/F/8574-1 

Order Number DS26C31CJ, DS26C31CM or DS26C31CN 
See NS Package Number J16A, M16A or N16A 
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Features 
• TTL input compatible 
• Typical propagation delays: 6 ns 
• Typical output skew: 0.5 ns 
• Outputs won't load line when Vee = OV 
• Meets the requirements of EIA standard RS-422 
• Operation from single 5V supply 
• TRI-STATE outputs for connection to system buses 

• Low quiescent current 
• Available in surface mount 

Truth Table 
Active High Active Low 

Enable Enable 

L H 

All other 
combinations of 

enable inputs 

L = Low logic state 
H ~ High logic state 
X = Irrelevant 

Input 

X 

L 

H 

Z ~ TRI-STATE (high impedance) 

Non-Inverting Inverting 
Output Output 

Z Z 

L H 

H L 

c 
CJ) 
N 
en o 
Co) .... 
o 



~National 
~ Semiconductor 
DS26LS32C/DS26LS32M/DS26LS32AC/DS26LS33CI 
DS26LS33M/DS26LS33AC Quad Differential Line 
Receivers 

General Description 
The DS26LS32 and DS26LS32A are quad differential line 
receivers designed to meet the RS-422, RS-423 and Feder­
al Standards 1020 and 1030 for balanced and unbalanced 
digital data transmission. 

The DS26LS32 and DS26LS3,2A have an input sensitivity of 
200 mV over the input voltage range of ± 7V and the 
DS26LS33 and DS26LS33A have an input sensitivity of 
SOO mV over the input voltage range of ± 1S%V. 

Both the DS26LS32A and DS26LS33A differ in function 
from the popular DS26LS32 and DS26LS33 in that input 
fail-safe circuitry is provided for each receiver, which causes 
the outputs to go to a logic "1" state when the inputs are 
open. 

Each version provides an enable and disable function com­
mon to all four receivers and features TRI-STATE® outputs 
with 8 rnA sink capability. Constructed using low power 
Schottky processing, these devices are available over the 
full military and commerical operating temperature ranges. 

Logic Diagram 

Features 
• High differential or common-mode input voltage ranges 

of ± 7V on the DS26LS32 and DS26LS32A and ± 1SV 
on the DS26LS33 and DS26LS33A 

• ± 0.2V sensitivity over the input voltage range on the 
DS26LS32 and DS26LS32A, ± O.SV sensitivity on the 
DS26LS33 and DS26LS33A 

• Input fail-safe circuitry on the DS26LS32A and 
DS26LS33A 

• DS26LS32 and DS26LS32A meet all requirements of 
RS-422 and RS-423 

• 6k minimum input impedance 
• 100 mV input hysteresis on the DS26LS32 and 

DS26LS32A, 200 mV on the DS26LS33 and 
DS26LS33A 

• Operation from a single SV supply 
• TRI-STATE drive, with choice of complementary output 

enables for receiving directly onto a data bus 

• Pin replacement for Advanced Micro Devices 
AM26LS32 

~~ ~' ~' ~' '?t' 
GND Vee OUTPUT D OUTPUT C OUTPUT B OUTPUT A 

Connection Diagram 
Dual-In-Line Package 

r'tJY !!.v" 
~PII1lI'. f:" I.... - .... 1,"""'. 
OUTPUT"..! .!!.} 

EI"'ILE..!rp .!!.OUlPUTB 
OUTPUT c- ----, I '---- J.!.. EIQ[l 

r'~~rll-'IIIPIIT' ... me, II 

1-- f-lj.lPmo 
IND..! - r!-J 

TL/F/5255-2 

Top View 

TLlF/5255-1 

Truth Table 
ENABLE I ENABLE Input Output 

1 I 1 X Hi-Z 

See 
VIO 2 VTH (Max) 1 

Note Below VIO ,;; VTH (Min) 0 

Open l' 

HI-Z = TRI-STATE 
'OS26LS32A and DS26LS33A only 

6-10 

Note: Input conditions may be any combination not defined for ENABLE 
and ENABLE. 

Order Number DS26LS32MJ, DS26LS32CJ, 
DS26LS32CM; DS26LS32CN, DS26LS32AC", 

DS26LS32ACN, DS26LS32ACM, DS26LS33MJ, 
DS26LS33CJ,DS26LS33CN,DS26LS33ACJ 

or DS26LS33ACN 
See NS Package Number J16A, M16A or N16A 



~National 
~ Semiconductor 
DS26C32AC Quad Differential Line Receiver 

General Description 
The DS26C32A is a quad differential line receiver designed 
to meet the RS-422, RS-423, and Federal Standards 1020 
and 1030 for balanced and unbalanced digital data trans­
mission, while retaining the low power characteristics of 
CMOS. 

The DS26C32A has an input sensitivity of 200 mV over the 
common mode input voltage range of ± 7V. Each receiver is 
also equipped with input fail-safe circuitry, which causes the 
output to go to a logic "1" state when the inputs are open. 

The DS26C32A provides an enable and disable function 
common to all four receivers, and features TRI-STATE® 
outputs with 6 mA source and sink capability. This product is 
pin compatible with the DS26LS32A and the AM26LS32. 

Logic Diagram 

Features 
• Low power CMOS design 
• ± 0.2V sensitivity over the entire common mode range 
• Typical propagation delays: 19 ns 
• Typical input hysteresis: 60 mV 
• Input fail-safe circuitry 
• Inputs won't load line when Vee = OV 
• Meets the requirements of EIA standard RS-422 
• TRI-STATE outputs for connection to system buses 
• Available in Surface Mount 

ENAm ENABLE IN D2 IN Dl IN C2 IN Cl IN B2 IN Bl IN A2 IN AI 

GND VCC DUTPUT D 

Connection Diagram 
Dual-In-Line Package 

INPUTS A { 

16 Vec 

DUTPUT A --+-----' 

ENABLE '---1- OUTPUT B 

OUTPUT e ...!~=::::;j"L_--1~ ENABLE 

,---1-- OUTPUT 0 

GNO 

TL/F/8764-2 

Top View 

Order Number DS26C32ACJ, 
DS26C32ACM or DS26C32ACN 

See NS Package J16A, M16A or N16A 

DUTPUT C DUTPUT B OUTPUT A 
TLlF/8764-1 

Truth Table 
ENABLE I ENABLE Input Output 

0 J 1 X Hi-Z 

See 
VIO :2: VTH (Max) 1 

Note Below VIO :S: VTH (Min) 0 

Open 1 

Hi-Z ~ TRI-STATE 

Note: Input conditions may be any combination not defined for ENABLE and 
ENABLE. 
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~ 
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~ 
~National 
~ Semiconductor 
OS3486 Quad RS-422, RS-423 Line Receiver 

General Description 
National's quad RS-422, RS-423 receiver features four in­
dependent receiver chains which comply with EIA Stan­
dards for the electrical characteristics of balanced/unbal­
anced voltage digital interface circuits. Receiver outputs are 
74LS compatible, TRI-STATE® structures which are forced 
to a high impedance state when the appropriate output con­
trol pin reaches a logic zero condition. A PNP device buffers 
each output control pin to assure minimum loading for either 
logic one or logic zero inputs. In addition, each receiver 
chain has internal hysteresis circuitry to improve noise mar­
gin and discourage output instability for slowly changing in­
put waveforms. 

Block and Connection Diagrams 
DIFFEAENTIAL 

INPUTS . 

Features 
• Four independent receiver chains 
• TRI-STATE outputs 
• High impedance output control inputs (PIA compatible) 
• Internal hysteresis -140 mV (typ) 
• Fast propagation times -18 ns (typ) 

• TTL compatible 
• Single 5V supply voltage 
• Pin compatible and interchangeable with MC3486 

OUTPUT 

TL/F/5779-1 

Dual-In-Line Package 

INPUTS A { 

OUTPUT A -=-1--__ -' 

TAI.STATE 4 
CONTAOL A/C 

OUTPUT C ~r---., 

GND 

Top View 

16 VCC 

12 TAI-8TATE 
CONTAOL BID 

Order Number DS3486J, DS3486M or DS3486N 
See NS Package Number J16A, M16A or N16A 
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~National 
~ Semiconductor 
DS34C86 
Quad CMOS Differential Line Receiver 

General Description Features 
• Low power CMOS design The DS34C86 is a quad differential line receiver designed to 

meet the RS-422, RS-423, and Federal Standards 1020 and 
1030 for balanced and unbalanced digital data transmis­
sion, while retaining the low power characteristics of CMOS. 

The DS34C86 has an input sensitivity of 200 mV over the 
common mode input voltage range of ± 7V. Hysteresis is 
provided to improve noise margin and discourage output 
instability for slowly changing input waveforms. 

• ± 0.2V sensitivity over the entire common mode range 
• Typical propagation delays: 19 ns 
• Typical input hysteresis: 60 mV 
• Inputs won't load line when Vee = OV 
• Meets the requirements of EIA standard RS-422 
• TRI-STATE outputs for connection to system buses 

Separate enable pins allow independent control of receiver 
pairs. The TRI-STATE® outputs have 6 mA source and sink 
capability. The DS34C86 is pin compatible with the DS3486. 

Logic Diagram 

• Available in surface mount 

IN A2 IN AI IN C2 IN Cl ENABLE ENABLE IN B2 IN Bl IN 02 IN 01 

! ! 
GND Vee OUTPUT A OUTPUT e 

Connection Diagram 
Dual-In-Line Package 

INPUTS A { 

OUTPUT A -t------
TRI-STATE 

CONTROL A/C 

OUTPUT C -'-t----...., 

INPUTS C { 

8 
GNO 

OUTPUT B 

16 Vee 

- 15 

} INPUTS B 
14 

OUTPUT B 

OUTPUT D 

TRI-STATE 
CONTROL B/D 

OUTPUT 0 

TL/F 18699-1 

TL/F/8699-2 

Top View 

Order Number DS34C86J, DS34C86M, and DS34C86N 
See NS Package Number J16A, M16A and N16A 
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~ r-------------------------------------~--------------------------------_. 

~ 
CO) ~National 
~ ~ Semiconductor 
~ 
~ OS3587/0S3487 Quad TRI-STATE® Line Driver 

General Description 
National's quad RS-422 driver features four independent 
driver chains which comply with EIA Standards for the elec­
trical characteristics of balanced voltage digital interface cir­
cuits. The outputs are TRI-STATE structures which are 
forced to a high impedance state when the appropriate out­
put control pin reaches a logic zero condition. All input pins 
are PN P buffered to minimize input loading for either logic 
one or logic zero inputs. In addition, internal circuitry as­
sures a high impedance output state during the transition 
between power up and power down. 

Block and Connection Diagrams 

INPUT 

OUTPUT 
CONTROL 

Truth Table 

Input 

H 
L 
X 

L = Low logic state 

H = High logic state 

X = Irrelevant 

NON·INVERTING 

OUTPUTS 

INVERTING 

TLlF15780-1 

Control 
Input 

H 
H 
L 

Z = TRI·STATE (high impedance) 

Features 
• Four independent driver chains 

• TRI-STATE outputs 
• PNP high impedance inputs (PIA compatible) 

• Power upl down protection 
• Fast propagation times (typ 10 ns) 

• TTL compatible 
• Single 5V supply voltage 
• Output rise and fall times less than 20 ns (typ 10 ns) 
• Pin compatible with DS8924 and MC3487 

• Output skew-2 ns typ 

Dual-In-Line Package 

INPUT A 

OUTPUTS A I 
AlB CONTROL 

OUTPUTS BI 

INPUTB 

Top View 

Order Number DS3587J, DS3487J, 
DS3487M or DS3487N 

TLIF15780-2 

See NS Package Number J 16A, M 16A or N16A 

Non-Inverter Inverter 
Output Output 

H L 
L H 
Z Z 
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~National 
~ Semiconductor 
DS34C87 CMOS Quad TRI-STATE® 
Differential Line Driver 

General Description 
The DS34C87 is a quad differential line driver designed for 
digital data transmission over balanced lines. The DS34C87 
meets all the requirements of EIA standard RS-422 while 
retaining the low power characteristics of CMOS. This en­
ables the construction of serial and terminal interfaces while 
maintaining minimal power consumption. 

The DS34C87 accepts TTL or CMOS input levels and trans­
lates these to RS-422 output levels. This part uses special 
output circuitry that enables the individual drivers to power 
down without loading down the bus. The DS34C87 also in­
cludes special power up and down circuitry which will TRI­
STATE the outputs during power up or down, preventing 
spurious glitches on its outputs. This device has separate 
enable circuitry for each pair of the four drivers. The 
DS34C87 is pin compatible to the DS3487. 

All inputs are protected against damage due to electrostatic 
discharge by diodes to Vee and ground. 

Connection and Logic Diagrams 

Dual-In-Line Package 

INPUT A 

CHANNEL A I 
OUTPUTS "';'~_-' 

AlB CONTROL 

CHANNEL B I 
OUTPUTS 

INPUT B 

GND 

Top View 
TLlF/B576-1 

Order Number DS34C87J, DS34C87M or DS34C87N 
See NS Package Number J16A, M16A or N16A 

Features 
• TTL input compatible 
• Typical propagation delays: 6 ns 
• Typical output skew: 0.5 ns 
• Outputs won't load line when Vee = OV 
• Meets the requirements of EIA standard RS-422 

• Operation from Single 5V supply 
• TRI-STATE outputs for connection to system buses 

• Low quiescent current 
• Available in surface mount 

INPUT 

OUTPUT 
CONTROL 

Truth Table 

Input 

H 

Control 
Input 

H 
L H 
X L 

L = Low logic state 

H ~ High logic state 

10--0 NON·INVERTING 

OUTPUTS 

JO-4~O INVERTING 

Non-Inverting 
Output 

H 

TLlF/B576-2 

Inverting 
Output 

L 
L H 
Z Z 

x = Irrelevant 

Z ~ TRI-STATE (high impedance) 
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~ r-----------------------------------------------------------------------------------~ 
G) 

~ ~National 
:( ~ Semiconductor 
~ 
G) 

~ DS1691A/DS3691 (RS-422/RS-423) Line Drivers 
~ with TRI-ST ATE ® Outputs 

General Description 
The DS1691A1DS3691 are low power Schottky TIL line 
drivers designed to meet the requirements of EIA standards 
RS-422 and RS-423. They feature 4 buffered outputs with 
high source and sink current capability with internal short 
circuit protection. A mode control input provides a choice of 
operation either as 4 independent line drivers or 2 differen­
tial line drivers. A rise time control pin allows the use of an 
external capacitor to reduce rise time for suppression of 
near end crosstalk to other receivers in the cable. 

With the mode select pin low, the DS1691A1DS3691 are 
dual-differential line drivers with TRI-STATE outputs. They 
feature ± 1 OV output common-mode range in TRI-STATE 
mode and OV output unbalance when operated with ± 5V 
supply. 

Connection Diagram 

VCC 

INPUT A 

INPUT B/OISABLE 

MODE SELECT 

GND 

INPUT C/DISABLE 

INPUT D 

VEE 

With Mode Select LOW 
(RS-422 Connection) 

16 

15 

14 

13 

12 

11 

10 

Top View 

Truth Table 

RISE TIME CONTROL A 

OUTPUT A 

OUTPUT B 

RISE TIME CONTROL B 

RISE TIME CONTROL C 

OUTPUT C 

OUTPUT 0 

RISE TIME CONTROL D 

TLIF/5783-1 

Operation 
Inputs 

Mode A (D) 

RS-422 0 0 
0 0 
0 1 
0 1 

RS-423 1 0 
1 0 

Features 
• Dual RS-422 line driver with mode pin low, or quad RS-

423 line driver with mode pin high 
• TRI-STATE control for individual outputs 
• Short circuit protection for both source and sink outputs 
• Outputs will not clamp line with power off or in TRI-

STATE 
• Individual rise mode time control for each output 
• 1000 transmission line drive capability 
• Low Icc and lEE power consumption 

RS-422 35 mW/driver typ 
RS-423 26 mW/driver typ 

• Low current PNP inputs compatible with TIL, MOS and 
CMOS 

• Pin compatible with AM26LS30 

VCC 

With Mode Select HIGH 
(RS-423 Connection) 

16 
RISE TIME CONTROL A 

INPUT A ~I----I OUTPUT A 

INPUT B/DISABLE >--+- OUTPUT B 

MODE SELECT ---+- RISE TIME CONTROL B 

GND RISE TIME CONTROL C 

INPUT C/DISABLE ~I----t OUTPUT C 

INPUT D >---+;.;;. OUTPUT 0 ---+- RISE TIME CONTROL 0 

TL/F/57B3-2 

Top View 

Outputs 

B (C) A(D) B(C) 

0 0 1 
1 TRI-STATE TRI-STATE 
0 1 0 
1 TRI-STATE TRI-STATE 

0 0 0 
1 0 1 

I ~ I o 

Order Number DS1691AJ, DS3691J, DS3691M or DS3691N 
See NS Package Number J16A, M16A or N16A 
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~National 
~ Semiconductor 
DS1692/DS3692 TRI-STATE® Differential Line Drivers 

General Description 
The OS1692/0S3692 are low power Schottky TTL line driv­
ers electrically similar to the OS1691 AlOS3691 but tested 
to meet the requirements of MIL-STO-188-114 (see Applica­
tion Note AN-216). They feature 4 buffered outputs with 
high source and sink current capability with internal short 
circuit protection. A mode control input provides a choice of 
operation either as 4 independent line drivers or 2 differen­
tial line drivers. A rise time control pin allows the use of an 
external capacitor to reduce rise time for suppression of 
near end cross-talk to other receivers in the cable. 

With the mode select pin low, the OS1692/0S3692 are dual 
differential line drivers with TRI-STATE outputs. They fea­
ture ± 10V output common-mode range in TRI-STATE and 
OV output unbalance when operated with ± 5V supply. 

Logic Diagram (% Circuit Shown) 

Features 
• Oual differential line driver or quad single-ended line 

driver 
• TRI-STATE differential drivers meet MIL-STO-188-114 
• Short circuit protection for both source and sink outputs 
• Individual rise time control for each output 
• 100n transmission line drive capability 
• Low Icc and lEE power consumption 

Oifferential mode 35 mW 1 driver typ 
Single-ended mode 26 mW 1 driver typ 

• Low current PNP inputs compatible with TTL, MOS and 
CMOS 

INPUT A (0)0--------1 ~:>-~~----------I 

,..----oCEXT, A (D) 

><>---0 OUTPUT A (D) 

INPUT B IC) 
TRI-STATE"o-4~--------f-----lr'"""\ 

DISABLE JO.----.... 

Connection Diagram Truth Table 

16 RISE TIME CONTROL A 

Inputs 

Mode A (D) 
VCC 

INPUT A OUTPUT A 0 0 

INPUT B/DISABLE OUTPUT B 0 0 
0 

MODE SELECT RISE TIME CONTROL B 0 1 

GNO RISE TIME CONTROL C 0 
0 

INPUT C/OISABLE OUTPUT C 

10 
OUTPUT 0 INPUT 0 

9 RISE TIME CONTROL 0 

TL/F/5784-2 

Top View 

Order Number DS1692J, DS3692J or DS3692N 
See NS Package Number J16A or N16A 
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X)---oOUTPUT B IC) 

'----0 CEXT, B (e) 

TL/F/5784-1 

Outputs 

B(C} A (D) B(C} 

0 0 1 
1 TRI-STATE TRI-STATE 
0 1 0 
1 TRI-STATE TRI-STATE 
0 0 0 

0 
0 0 

• 



~National 
~ Semiconductor 
DS3695A/DS3695AT 
Multipoint RS485/RS422 Transceiver 

General Description 
The DS3695A is a high speed differential TRI-STATE® bust 
line transceiver designed to meet the requirements of EIA 
standard RS485 with extended common mode range 
(+ 12V to ~ 7V), for multipoint data transmission. In addi­
tion, it is compatible with the requirements of RS422. 

The driver and receiver outputs feature TRI-STA TE capabili­
ty. The driver outputs remain in TRI-STATE over the entire 
common mode range of + 12V to ~ 7V. Bus faults that 
cause excessive power dissipation within the device trigger 
a thermal shutdown circuit, which forces the driver outputs 
into the high impedance state. 

The receiver incorporates a fail safe feature which guaran­
tees a high output state when the inputs are left open. 

Both AC and DC specifications are guaranteed over the 0 to 
70·C temperature and 4.75V to 5.25V supply voltage range. 

Connection and Logic Diagram 

Features 
• Meets EIA standard RS485 for multipoint bus transmis-

sion and is compatible with RS-422 
• 15 ns driver propagation delays with 2 ns skew (typical) 

• Single + 5V supply 
• ~ 7V to + 12V bus common mode range permits ± 7V 

ground difference between devices on the bus 

• Thermal shutdown protection 
• Power-up/down glitch-free driver outputs permit live in­

sertion or removal of transceivers 
• High impedance to bus with driver in TRI-STATE or 

with power off, over the entire common mode range al­
lows the unused devices on the bus to be powered 
down 

• Combined impedance of a driver output and receiver in­
put is less than one RS485 unit load, allowing up to 32 
transceivers on the bus 

• 70 mV typical receiver hysteresis 

Molded Package, Small Outline (M) 

HO vee 

iiE 7 iiii/iii 

DE DO/HI 

01 GND 

Top View 

Order Number DS3695AM DS3695ATM 
See NS Package Number M08A 
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~Nattonal 
~ Semiconductor 
0575150 Dual Line Driver 

General Description 
The DS75150 is a dual monolithic line driver designed to 
satisfy the requirements of the standard interface between 
data terminal equipment and data communication equip­
ment as defined by EIA Standard RS-232-C. A rate of 
20,000 bits per second can be transmitted with a full 2500 
pF load. Other applications are in data-transmission sys­
tems using relatively short single lines, in level translators, 
and for driving MaS devices. The logic input is compatible 
with most TTL and LS families. Operation is from -12V and 
+ 12V power supplies. 

Schematic and Connection Diagrams 

Features 
• Withstands sustained output short-circuit to any low im­

pedance voltage between - 25V and + 25V 
• 2 p.s max transition time through the - 3V to + 3V tran-

sition region under full 2500 pF load 
• Inputs compatible with most TTL and LS families 
• Common strobe input 
• Inverting output 
• Slew rate can be controlled with an external capacitor 

at the output 
• Standard supply voltages ± 12V 

+Veeo-.----.----------1r----.-----~--------__, 

TO OTHER 
LINE ORIVER 

INPUT A o---.... I-t 

11k 

STROBE S o-.-.... I-t-l ...... H'"""i 

TO OTHER 
LINE ORIVER 

15k 10k 15k -'""---

r----.--...... ~w....-l~+--t_<~--14---1~DUTPUT 

GND 0-.... --.... ------' 

TO OTHER 
LINE DRIVER 

TO OTHER 
LINE DRIVER 

-Vee 0-.... ----------------------...... ~----.... --_4_...1 

Component values shown are nominal. 
1/2 of circuit shown 
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Dual-In-Line Package 

+Vcc 1V ZV -Vee 

STROBE INPUT INPUT GND 
S 1A ZA 

Top View 
Positive LogiC C = AS 

TL/F/5794-2 

Order Number DS75150J-8, 
DS75150M or DS75150N 
See NS Package Number 

J08A, M08A or N08E 

c 
en 
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ie ~ National 
~ ~ Semiconductor 

0575154 Quad Line Receiver 

General Description 
The OS75154 is a quad monolithic line receiver designed to 
satisfy the requirements of the standard interface between 
data terminal equipment and data communication equip­
ment as defined by EIA Standard RS-232C. Other applica­
tions are in relatively short, single-line, point-to-point data 
transmission systems and for level translators. Operation is 
normally from a single 5V supply; however, a built-in option 
allows operation from a 12V supply without the use of addi­
tional components. The output is compatible with most TTL 
and LS circuits when either supply voltage is used. 

In normal operation, the threshold-control terminals are 
connected to the VCCl terminal, pin 15, even if power is 
being supplied via the alternate VCC2 terminal, pin 16. This 
provides a wide hysteresis loop which is the difference be­
tween the positive-going and negative-going threshold volt­
ages. In this mode, if the input voltage goes to zero, the 
output voltage will remain at the low or high level as deter­
mined by the previous input. 

For fail-safe operation, the threshold-control terminals are 
open. This reduces the hysteresis loop by causing the nega-

Schematic Diagram 
COMMON TO 4 CI ReUiTS 

tive-going threshold voltage to be above zero. The positive­
going threshold voltage remains above zero as it is unaffect­
ed by the disposition of the threshold terminals. In the fail­
safe mode, if the input voltage goes to zero or an open-cir­
cuit condition, the output will go to the high level regardless 
of the previous input condition. 

Features 
• Input resistance, 3 kO to 7 kO over full RS-232C volt­

age range 
• Input threshold adjustable to meet "fail-safe" require-

ments without using external components 
• Inverting output compatible with TTL or LS 
• Built-in hysteresis for increased noise immunity 
• Output with active pull-up for symmetrical switching 

speeds 
• Standard supply voltage-5V or 12V 

v,," 
INOTEI 

------1 

VCC10-+-----...... 

5k 
R' o-....L.-----'WH 

GNO o-....-------f-...... 

I 
I 
I 
I 
I 
I 
I L ___ _ 

r----
I 
I 

4.6k 

TH~~:~~~~ O--+-.J\I\I\r .... - ..... 

5k 

'NPUT o--f-J\I\I\r-+-.-t 

.:: ..J 1 OF 4 RECEIVERS -------, 
Uk Uk 

I 
I 
I 
I 
I 

L ____________ .J 

OUTPUT 

TLiF/5795-' 

Nole: When using Vce, (pin 15), Vee2 (pin 16) may be left open or shorted 10 Vec,. When using Vee2, Vee, must be left open or connected to the threshold 
control pins. 

6-20 



~National 
~ Semiconductor 
DS75176B/DS75176BT 
Multipoint RS-485/RS-422 Transceivers 

General Description 
The OS75176B is a high speed differential TRI-STATE® 
bus/line transceiver designed to meet the requirements of 
EIA standard RS485 with extended common mode range 
(+ 12V to - 7V), for multipoint data transmission. In addi­
tion, it is compatible with RS-422. 

The driver and receiver outputs feature TRI-STA TE capabili­
ty, for the driver outputs over the entire common mode 
range of + 12V to -7V. Bus contention or fault situations 
that cause excessive power dissipation within the device 
are handled by a thermal shutdown circuit, which forces the 
driver outputs into the high impedance state. 

The receiver incorporates a fail safe feature which guaran­
tees a high output state when the inputs are left open. 

OC specifications are guaranteed over the 0 to 70°C tem­
perature and 4.75V to 5.25V supply voltage range. 

Connection and Logic Diagram 

RO 

Features 
• Meets EIA standard RS485 for multipoint bus transmis­

sion and is compatible with RS-422. 
• Small Outline (SO) Package option available for mini­

mum board space. 
• 22 ns driver propagation delays. 
• Single channel per package isolates faulty channels 

(from shutting down good channels). 

• Single + 5V supply. 
• - 7V to + 12V bus common mode range permits ± 7V 

ground difference between devices on the bus. 
• Thermal shutdown protection. 
• Power-up down glitch-free driver outputs permit live in­

sertion or removal of transceivers. 
• High impedance to bus with driver in TRI-STATE or 

with power off, over the entire common mode range al­
lows the unused devices on the bus to be powered 
down. 

• Pin out compatible with OS3695 and SN75176A1B. 
• Combined impedance of a driver output and receiver in­

put is less than one RS485 unit load, allowing up to 32 
transceivers on the bus. 

• 70 mV typical receiver hysteresis. 

TL/F/8759-1 

Top View 

Order Number DS75176BN, DS75176BM, DS75176BTM 
DS75176BJ, DS75176BTN or DS75176BT J 

See NS Package Number N08E, M08A or J08A 
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~National 
~ Semiconductor 
DS78C 120/DS88C 120 Dual CMOS Compatible 
Differential Line Receiver 

General Description Features 
The OS78C120 and OS88C120 are high performance, dual 
differential, CMOS compatible line receivers for both bal­
anced and unbalanced digital data transmission. The inputs 
are compatible with EIA, Federal and MIL standards. 

• Full compatibility with EIA Standards RS232-C, RS422 
and RS423, Federal Standards 1020, 1030 and MIL-
188-114 

• Input voltage range of ±1SV (differential or common-
mode) Input specifications meet or exceed those of the popular 

OS7820/0S8820 line receiver. • Separate strobe input for each receiver 

The line receiver will discriminate a ±200 mV input signal 
over a common-mode range of ± 10V and a ±300 mV sig­
nal over a range of ± 1SV. 

• 1/2 Vee strobe threshold for CMOS compatibility 
• Sk typical input impedance 
• SO mV input hysteresis 
• 200 mV input threshold Circuit features include hysteresis and response control for 

applications where controlled rise and fall times and/or high 
frequency noise rejection are desirable. Threshold offset 
control is provided for fail-safe detection, should the input 
be open or short. Each receiver includes a 1800 terminating 
resistor and the output gate contains a logic strobe for time 
discrimination. The OS78C120 is specified over a -SsoC to 
+ 12SoC temperature range and the OS88C120 from O°C to 
+ 70°C. 

• Operation voltage range = 4.SV to 1SV 

• Separate fail-safe mode 

Connection Diagram 
Dual-In-Line Package 

FAIL·SAFE TERMI· RESPONSE 
Vee OFFSET -INPUT NATION +INPUT STROBE TIME OUTPUT 

16 15 14 13 12 " 10 

4 

OFFSET -INPUT TERMI· +INPUT STROBE RESPONSE OUTPUT GND 
FAIL·SAFE NATION TIME 

Top View 

Order Number DS78C120J, DS88C120J or DS88C120N 
See NS Package Number J16A or N16A 
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~National 
~ Semiconductor 
DS78LS 120/DS88LS 120 Dual Differential 
Line Receiver (Noise Filtering and Fail-Safe) 

General Description 
The OS78LS120 and OS88LS120 are high performance, 
dual differential, TTL compatible line receivers for both bal­
anced and unbalanced digital data transmission. The inputs 
are compatible with EIA, Federal and MIL standards. 

Input specifications meet or exceed those of the popular 
OS7820/0S8820 line receiver. 

Features 
The line receiver will discriminate a ± 200 mV input signal 
over a common-mode range of ± 1 OV and a ± 300 mV sig­
nal over a range of ± 15V. 

• Meets EIA standards RS232-C, RS422 and RS423, 
Federal Standards 1020, 1030 and MIL-188-114 

• Input voltage range of ± 15V (differential or common-
mode) Circuit features include hysteresis and response control for 

applications where controlled rise and fall times andlor high 
frequency noise rejection are desirable. Threshold offset 
control is provided for fail-safe detection, should the input 
be open or short. Each receiver includes an optional 1800 
terminating resistor and the output gate contains a logic 
strobe for time discrimination. The OS78LS120 is specified 
over a - 55'C to + 125'C temperature range and the 
OS88LS120 from O'C to + 70'C. 

• Separate strobe input for each receiver 
• 5k typical input impedance 
• Optional 1800 termination resistor 
• 50 mV input hysteresis 
• 200 mV input threshold 
• Separate fail-safe mode 

Connection Diagram 
Dual-In-Une Package 

FAIL·SAFE TERMI· RESPONSE 
Vee OFFSET -INPUT NATION +INPUT STROBE TIME OUTPUT 

16 15 14 13 12 11 10 

FAIL-SAFE -INPUT TERMI· +INPUT STROBE RESPONSE OUTPUT GNO 
OFFSET NATION TIME 

Top View 

Order Number DS78LS12OJ, DS88LS12OJ or DS88LS120N 
See NS Package Number J16A or N16A 
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'?'A National 
~ Semiconductor 
DS8921/DS8921A Differential Line Driver 
and Receiver Pair 

General Description 
The DS8921, DS8921 A are Differential Line Driver and Re­
ceiver pairs designed specifically for applications meeting 
the ST506, ST412 and ESDI Disk Drive Standards. In addi­
tion, these devices meet the requirements of the EIA Stan­
dard RS-422. 

The DS8921 A receiver offers an input sensitivity of 200 mV 
over a ± 7V common mode operating range. Hysteresis is 
incorporated (typically 70 mY) to improve noise margin for 
slowly changing input waveforms. An input fail-safe circuit is 
provided such that if the receiver inputs are open the output 
assumes the logical one state. 

The DS8921 A driver is designed to provide unipolar differ­
ential drive to twisted pair or parallel wire transmission lines. 
Complementary outputs are logically ANDed and provide an 
output skew of 0.5 ns (typ.) with propagation delays of 
12 ns. 

Power up/down circuitry is featured which will TRI-STATE® 
the outputs and prevent erroneous glitches on the trans-

Connection Diagram 

vee 

RO 

01 

GNO 

mission lines during system power up or power down opera­
tion. 

The DS8921A is designed to be compatible with TTL and 
CMOS. 

Features 
• 12 ns typical propagation delay 
• Output skew - 0.5 ns typical 
• Meet the requirements of EIA Standard RS-422 
• Complementary Driver Outputs 
• High differential or common-mode input voltage ranges 

of ±7V 
• ± 0.2V receiver sensitivity over the input voltage range 
• Receiver input fail-safe circuitry 
• Receiver input hysteresis-70 mV typical 
• Glitch free power up/down 

8 
RI+ 

RI-

r--~"';"'DO+ 

,---......,t-OO-

TLiF/8S12-1 

Order Number DS8921M, DS8921N, DS8921AM, DS8921AN, DS8921J or DS8921AJ 
See NS Package Number J08A, M08A or N08E 

Truth Table 
Receiver Driver 

Input VOUT Input VOUT VOUT 

VIO ~ VTH (MAX) 1 1 1 0 

VIO :s: VTH (MIN) 0 0 0 1 

For complete specifications see the Interface Databook. 
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~National 
~ Semiconductor 
DS8922/22A/DS8923/23A TRI-STATE® RS-422 
Dual Differential Line Driver and Receiver Pairs 
General Description 
The DS8922/22A and DS8923/23A are Dual Differential 
Line Driver and Receiver pairs. These devices are designed 
specifically for applications meeting the ST506, ST 412 and 
ESDI Disk Drive Standards. In addition, the devices meet 
the requirements of the EIA Standard RS-422. 

These devices offer an input sensitivity of 200 mV over a 
± 7V common mode operating range. Hysteresis is incorpo­
rated (typically 70 mV) to improve noise margin for slowly 
changing input waveforms. An input fail-safe circuit is pro­
vided such that if the receiver inputs are open the output 
assumes the logical one state. 

The DS8922A and DS8923A drivers are designed to pro­
vide unipolar differential drive to twisted pair or parallel wire 
transmission lines. Complementary outputs are logically 
ANDed and provide an output skew of 0.5 ns (typ.) with 
propagation delays of 12 ns. 

Both devices feature TRI-STATE outputs. The DS8922/22A 
have independent control functions common to a driver and 
receiver pair. The DS8923/23A have separate driver and 
receiver control functions. 

Connection Diagrams 
DS8922A Dual-In-Line 

R01 

'" 

'ND 

10 
R12-

RD2 R12+ 

Order Number DS8922N, J, M, 
DS8922AN, AJ, AM 

TLlF/8511-1 

See NS Package Number N16A, J16A or M16A 

Truth Tables 
DS8922122A 

EN1 EN2 ROl R02 001 002 

0 0 ACTIVE ACTIVE ACTIVE ACTIVE 

0 HI-Z ACTIVE HI-Z ACTIVE 

0 ACTIVE HI-Z ACTIVE HI-Z 

HI-Z HI-Z HI-Z HI-Z 

Power up/down circuitry is featured which will TRI-STATE 
the outputs and prevent erroneous glitches on the transmis­
sion lines during system power up or power down operation. 

The DS8922/22A and DS8923/23A are designed to be 
compatible with TTL and CMOS. 

Features 
• 12 ns typical propagation delay 
• Output skew-±0.5 ns typical 
• Meets the requirements of EIA Standard RS-422 
• Complementary Driver Outputs 
• High differential or common-mode input voltage ranges 

of ±7V 
• ± 0.2V receiver sensitivity over the input voltage range 
• Receiver input fail-safe circuitry 
• Receiver input hysteresis-±70 mV typical 
• Glitch free power upl down 
• TRI-STATE outputs 

DS8923A Dual-In-Line 

'N' 

RD2 R12+ 

TLlF/8511-2 

Order Number DS8923N, J, M 
DS8923AN, AJ, AM 

See NS Package Number N16A, J16A or M16A 

DS8923/23A 

DEN REN ROl R02 001 002 

0 0 ACTIVE ACTIVE ACTIVE ACTIVE 

1 0 ACTIVE ACTIVE HI-Z HI-Z 

0 HI-Z HI-Z ACTIVE ACTIVE 

HI-Z HI-Z HI-Z HI-Z 

For complete specifications see the Interface Databook. 
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~ ~National ~ Semiconductor 
DS8924 Quad TRI-STATE® Differential Line Driver 

General Description 
The OS8924 is a quad differential line driver designed for 
digital data transmission over balanced lines. The outputs 
are TRI-STATE® structures which are forced to a high im­
pedance state when the appropriate output control pin 
reaches a logic zero condition. All input pins are PNP buff­
ered to minimize input loading for either logic one or logic 
zero inputs. In addition, internal circuitry assures a high im­
pedance output state during the transition between power 
up and power down. 

The OS8924 is pin and functionally compatible with 
OS3487. It features improved performance over 3487-type 
circuit as outputs can source and sink 48 mA. In addition, 
outputs are not significantly affected by negative line reflec­
tions that can occur when the transmission line is untermi­
nated at the receiver end. 

Block and Connection Diagrams 

INPUT 

OUTPUT 
CONTROL 

Truth Table 

1C)o--ONON·INVERTING 

JO-l-oQINVERTING 

TlIF 18507-1 

Input 
Control 

Input 

H H 
L H 
X L 

L = Low logic state 

H ~ High logic slate 

x = Irralevant 

z ~ TRI·STATE (high impedance) 

Features 
• Four independent driver chains 
• TRI-STATE outputs 
• PNP high impedance inputs 
• Power upl down protection 
• Fast propagation times (typ 12 ns) 
• TTL compatible 
• Single 5V supply voltage 
• Output rise and fall times less than 20 ns (typ IOns) 
• Pin compatible with OS3487 and MC3487 
• Output skew-2 ns typ 

Dual-In-Une Package 

INPUT A 16 VCC 

OUTPUTS A {~+-_ ... INPUT D 

AlB CONTROL 

OUTPUTS B { 

INPUT B 

GND 

Top View 

Order Number DS8924J or N 
See NS Package J16A or N16A 

Non-Inverter Inverter 
Output Output 

H L 
L H 
Z Z 

TlIF 18507-2 
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~National 
~ Semiconductor 
DS96172/~A96172/DS96174/~A96174 
RS-485/RS-422 Quad Differential Line Drivers 

General Description Features 
• Meets EIA Standard RS-485 and RS·422A 
• Monotonic differential output switching 
• Transmission rate to 10 Mbs 
• TRI·STATE outputs 
• Designed for multipoint bus transmission 

The OS96172/,...A96172 and OS96174/,...A96174 are high 
speed quad differential line drivers designed to meet EIA 
Standard RS·485. The devices have TRI·STATEIII> outputs 
and are optimized for balanced multipoint data bus trans· 
mission at rates up to 10 Mbps. The drivers have wide posi· 
tive and negative common mode range for multipoint appli· 
cations in noisy environments. Positive and negative cur· 
rent·limiting is provided which protects the drivers from line 
fault conditions over a + 12V to - 7.0V common mode 
range. A thermal shutdown feature is also provided and oc· 
curs at junction temperature of approximately 160"C. The 
DS96172/,...A96172 features an active high and active low 
Enable, common to all four drivers. The OS96174/,...A96174 
features separate active high Enables for each driver pair. 
Compatible RS·485 receivers, transceivers, and repeaters 
are also offered to provide optimum bus performance. The 
respective device types are OS96173/,...A96173, OS961751 
fLA96175, OS961761 fLA96176, OS961771 fLA96177 and 
OS961781 fLA96178. 

• Common mode output voltage range: - 7V to + 12V 
• Operates from single + 5V supply 
• Thermal shutdown protection 
• OS96172/fLA96172/0S96174/fLA96174 are lead and 

function compatible with the SN75172175174 or the 
AM26LS31 1 MC3487 respectively 

Connection Diagrams 
16-LeadOIP 

OS961721 fLA96172 

lA--.r--=-

lY 

lZ~I---' 

16-LeadOIP 
OS96174/fLA96174 

lA--.r--=-

lY 

lZ~I---' 

16 Vee 

15 4A 

2Z-1l.=:;--r", 
El, 2~HI>--t 

2Z~~-.... f-a-+12:;"IE3,4 

2Y 

2A---'-''--=­

GND 

TLiF/9626-1 

2Y 

2A---'-''--=­

GND 8 

Top View Top View 

Order Number OS96172J, ,...A961720C or OS96174J, fLA961740C 
See NS Package Number J16A 

Order Number OS96172N, fLA96172PC or OS96174N, fLA96174PC 
See NS Package Number N16A 
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~National 
~ Semiconductor 
DS96173/~A96173/DS96175/~A96175 
RS-485/RS-422 Quad Differential Line Receivers 

General Description 
The DS96173/,LA96173 and DS96175/p.A96175 are high 
speed quad differential line receivers designed to meet EIA 
Standard RS-485. The devices have TRI-STATE@) outputs 
and are optimized for balanced multipoint data bus trans­
mission at rates up to 10 Mbps. The receivers feature high 
input impedance, input hysteresiS for increased noise immu­
nity, and input sensitivity of 200 mV over a' common mode 
input voltage range of :"'12V to + 12V. The receivers are 
therefore suitable for multipoint applications' in noisy envi­
ronments. The 08961731 ILA96173 features an active high 
and active low Enable, common to all four receivers. The 
DS961751 p.A96175 features separate active high Enables 
for each receiver pair. Compatible RS-485 drivers, trans­
ceivers, and repeaters are also offered to provide optimum 
bus performance. The respective device types are 
DS96172/ILA96172, DS96174IILA96174, DS961761 
p.A96176, DS961771p.A96177 and DS96178/p.A96178. 

Connection Diagrams 

16·LeadDIP 
D8961731 p.A96173 

IA--,r-"-'>-

IY 

2Y 

2A 

28-'-t----' 

GND 

TL/F/9628-1 

Features 
• Meets EIA Standard RS-485, RS-422A, RS-423A 
• Designed for multipoint bus applications 
• TRI-STATE Outputs 
• Common mode input voltage range: - 7V to + 12V 
• Operates from single + 5V supply 
• Input sensitivity Qf ± 200 mV over common mode range 
• Input hysteresis of 50 mV typical 
• High input impedance 
• Fail-safe input/output features drive output HIGH when 

input is open 
• DS96173/p.A96173/DS96175/p.A96175 are lead and 

function compatible with SN75173175175 or the 
AM26LS32/MC3486 respectively. 

16-LeadDIP 
DS96175/ILA96175 

18-'"it---.. 

IA--,r-"--'L 

IY 

EI.2-'-t-iC>--t 

2Y 

2A 

28-'-1-..... 

GND 8 9 38 

TL/F/9628-2 

Order Number DS96173J, ILA96173DC, DS96175J, ILA96175DC 
See NS Package Number J16A· 

Order Number DS96173N, ILA96173PC, D896175N, p.A96175PC 
See N8 Package Number N16A 

'For most current package information, contact product marketing. 
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'?'A National 
~ Semiconductor 
DS9636A/IlA9636A 
RS-423 Dual Programmable Slew Rate Line Driver 

General Description 
The DS9636A1,...A9636A is a TTL/CMOS compatible. dual. 
single ended line driver which has been specifically de­
signed to satisfy the requirements of EIA Standard RS-423. 

The DS9636A/,...A9636A is suitable for use in digital data 
transmission systems where signal wave shaping is desired. 
The output slew rates are jointly controlled by a single exter­
na� resistor connected between the wave shaping control 
lead (WS) and ground. This eliminates any need for external 
filtering of the output signals. Output voltage levels and slew 
rates are independent of power supply variations. Current­
limiting is provided in both output states. The DS9636A1 
,...A9636A is designed for nominal power supplies of ±12V. 

Connection Diagram 

WAVESHAPE 
CONTROL 

IN A 

IN B 

GND 

8-LeadDIP 

Top View 

V+ 

OUT A 

OUT B 

V-

TL/F/9620-1 

*For most current package information, contact product marketing. 

Inputs are TTL compatible with input current loading low 
enough (1/10 UL) to be also compatible with CMOS logic. 
Clamp diodes are provided on the inputs to limit transients 
below ground. 

Features 
• Programmable slew rate limiting 
• Meets EIA Standard RS-423 
• Commercial or extended temperature range 
• Output short circuit protection 
• TTL and CMOS compatible inputs 

6-29 

Order Number DS9636ACJ, ,...A9636ARC, 
DS9636AMJ, ,...A9636ARM or DS9636ACN, ,...A9636ATC 

See NS Package Number J08A or N08E 



~ ! ~National 
~ ~ Semiconductor 
~ i 089637 AI JLA9637 A 
~ Dual Differential Line Receiver 

General Description 
The OS9637 AI ",A9637 A is a Schottky dual differential line 
receiver which has been specifically designed to satisfy the 
requirements of EIA Standards RS-422 and RS-423. In addi­
tion. the OS9637 AI ",A9637 A satisfies the requirements of 
MIL-STO 188-114 and is compatible with the International 
Standard CCITT recommendations. The OS9637 AI 
p.A9637 A is suitable for use as a line receiver in digital data 
systems. using either single ended or differential. unipolar or 
bipolar transmission. It requires a single 5V power supply 
and has Schottky TTL compatible outputs. The OS9637 AI 
p.A9637 A has an operational input common mode range of 
± 7V either differentially or to ground. 

Connection Diagram 
8-Lead DIP and SO-8 Package 

L.-.Jr--rB-+ IN A 

~L..-.L:7~_IN A 

L.-.Jr--r 6_+ IN B 

~L..-.L:5~_IN B 

TLlF/9621-1 

Top View 

Features 
• Dual channels 
• Single 5V supply 
• Satisfies EIA standards RS-422 and RS423 
• Built-in ± 35 mV hysteresis 
• High common mode range 
• High input impedance 
• TTL compatible output 
• Schottky technology 
• Extended temperature range 

Order Number DS9637ACJ, ",A9637ARC, 
DS9637AMJ, ",A9637ARM 

See NS Package Number J08A' 

Order Number DS9637ACM, ",A9637ASC 
See NS Package Number M08A 

Order Number DS9637ACN, ",A9637ATC 
See NS Package Number N08E 

*For most current package information, contact product marketing. 
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~National 
~ Semiconductor 

PRELIMINARY 

DS96381 fLA9638 
RS-422 Dual High Speed Differential Line Driver 

General Description 
The DS9638/,."A9638 is a Schottky, TTL compatible, dual 
differential line driver designed specifically to meet the EIA 
Standard RS-422 specifications. It is designed to provide 
unipolar differential drive to twisted pair or parallel wire 
transmission lines. The inputs are TTL compatible. The out­
puts are similar to totem pole TTL outputs, with active pull­
up and pull-down. The device features a short circuit pro­
tected active pull-up with low output impedance and is spec­
ified to drive 500 transmission lines at high speed. The mini­
DIP provides high package density. 

Connection Diagram 

B-Lead DIP and SO-8 Package 

v ,.1 '-./...----1.:::...8 OUT A cc I ---1,;:C" 
IN Al ~VO---I-7:"'OUT Ii 
IN B 2 h...r 6 OUT B 

GND.! I '--tBL 5 OUT ii 

TL/F/9622-1 

TOp View 

Features 
• Single 5V supply 
• Schottky technology 
• TTL and CMOS compatible inputs 
• Output short circuit protection 
• Input clamp diodes 
• Complementary outputs 
• Minimum outupt skew « 1.0 ns typical) 
• 50 mA output drive capability for 500 transmission lines 
• Meets EIA RS-422 specifications 
• Propagation delay of less than 1 0 ns 
• "Glitchless" differential output 
• Delay time stable with Vee and temperature variations 

«2.0 ns typical) (Figure 3) 

• Extended temperature range 

Order Number DS963BMJ, ,."A963BRM, 
DS963BCJ or ,."A963BRC 

See NS Package Number JOBA· 

Order Number DS9638CM or ,."A963BSC 
See NS Package Number MOBA 

Order Number DS9638CN or ,."A963BTC 
See NS Package Number N08E 

*For most current package information: contact product marketing. 
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'?A National 
~ Semiconductor 
DS9639AI p,A9639A 
Dual Differential Line Receiver 

General Description 
The DS9639A1lJA9639A is a Schottky dual differential line 
receiver which has been specifically designed to satisfy the 
requirements of EIA Standards. RS-422, RS-423 and 
RS-232C. In addition, the DS9639A1jJ.A9639A satisfies the 
requirements of MIL-STD 188-114 and is compatible with 
the International Standard CCITT recommendations. The 
DS9639AI jJ.A9639A is suitable for use as a line receiver in 
digital data systems, using either single ended or differen­
tial, unipolar or bipolar transmission. It requires a single 5.0V 
power supply and has Schottky TTL compatible outputs. 
The DS9639A1 I'A9639A has an operational input common 
mode range of ± 7.0V either differentially or to ground. 

Connection Diagram 

Features 
• Dual channels 
• Single 5.0V supply 
• Satisfies EIA Standards RS-422, RS-423 and RS-232C 
• Built-in ± 35 mV hysteresis 
• High common mode range 
• High input impedance 
• TTL compatible output 
• Schottky technology 

8·LeadDIP 

, .... r-T8-+IN A 

'.--L-..... 7:....._IN A 

, .... r-T6-+IN. B 

'1"""'I--L~5 -IN B 

TL/F/9623-1 

Top View 

Order Number DS9639ACN/I'A9639ATC 
See NS Package Number N08E 
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~National 
~ Semiconductor 
DS26F31C/DS26F31M 
Quad High Speed Differential Line Driver 
General Description 
The DS26F3l is a quad differential line driver designed for 
digital data transmission over balanced lines. The DS26F3l 
meets all the requirements of EIA Standard RS-422 and 
Federal Standard 1020. It is designed to provide unipolar 
differential drive to twisted-pair or parallel-wire transmission 
lines. 

The DS26F31 offers improved performance due to the use 
of state-of-the-art L-FAST bipolar technology. The L-FAST 
technology allows for higher speeds and lower currents by 
utilizing extremely short gate delay times. Thus, the 
DS26F3l features lower power, extended temperature 
range, and improved specifications. 

The circuit provides an enable and disable function common 
to all four drivers. The DS26F3l C/DS26F3l M features TRI­
STATE® outputs and logical OR-ed complementary enable 
inputs. The inputs are all LS compatible and are all one unit 
load. 

The DS26F31C/DS26F31M offers optimum performance 
when used with the DS26F32 Quad Differential Line 
Receiver. 

Connection and Logic Diagrams 
16-Lead Dual-In-Line Package 

16 
IN A Vee 

15 
OUT Al IN 0 

14 
OUT A2 OUT 01 

13 
ENABLE OUT 02 

12 
OUT B2 ENABLE 

11 
OUT Bl OUT C2 

10 
IN B OUT Cl 

GNO IN C 

TLlF/9614-1 
Top View 

Order Number DS26F31CJ or DS26F31MJ 
See NS Package Number J 16A 

Features 
• Military temperature range 
• Low power version 
• Output skew-2.0 ns typical 
• I nput to output delay-l 2 ns 
• Operation from single + S.OV supply 
• l6-lead ceramic DIP Package 
• Outputs won't load line when Vee = OV 
• Output short circuit protection 
• Complementary outputs 
• Meets the requirements of EIA standard RS-422 
• High output drive capability for loon terminated 

transmission lines 

INPUT INPUT INPUT INPUT 
ENABLE ENABLE 0 C B A 

GNO VCC 0102 Cl C2 Bl B2 Al A2 

Input 

H 

L 

x 
H ~ High Level 

L = Low Level 

~--------------------/ 
OUTPUTS 

TL/F/9614-2 

FIGURE 1. Logic Symbol 

Function Table (Each Driver) 

Enable 
Outputs 

y z 
H H L 

H L H 

L z z 
x = Immaterial 

Z ~ High Impedance (Off) 
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N 

C! ~ National 
~ ~ Semiconductor 
..... 
~ DS26F32C/DS26F32M 
~ Quad Differential Line Receiver 
~ 

General Description 
The DS26F32 is a quad differential line receiver designed to 
meet the requirements of EIA Stan!lards_ RS-422 and RS-
423, and Federal Standards 1020 and 1030 for balanced 
and unbalanced digital data transmission. 

The DS26F32 offers improved performance due to the use 
of state-of-the-art L-FAST bipolar technology. The L-FAST 
technology allows for higher speeds and lower currents by 
utilizing extremely short gate delay times. Thus, the 
DS26F32 features lower power, extended temperature 
range, and improved specifications. 

The device features an input sensitivity of 200 mV over the 
input range of ±7.0V. The DS26F32 provides an enable 
function common to all four receivers and TRI-STATEIIll out­
puts with 8.0 mA sink capability. Also, a fail-safe input/out­
put relationship keeps the outputs high when the inputs are 
open. 

The DS26F32 offers optimum performance when used with 
the DS26F31 Quad Differential Line Driver. 

Connection Diagram 
16-LeadDIP 

-INA-+---, 

2 
+IN A 

OUTA--t---' 

EMABl£ 

OUTC-+--, 

+IN C 

7 
-INC--t----' 

8 
GND 

16 

15 
...---+--INB 

+IN B 

'---1-- OUT B 

'---+-- ENABLE 

...--t-- OUT 0 

+IN 0 

9 
'----+- -IN 0 

TUF/9615-1 

Top View 

Features 
• Military temperature range 

• Low power version 
• Input voltage range of ±7.0V (differential or common 

mode) ±0.2V sensitivity over the input voltage range 

• Meets all the requirements of EIA standards RS-422 
and RS-423 

• Input impedance (18k typical) 

• 30 mV input hysteresis 
• Operation from single + 5.0V supply 
• Fail-safe input/output relationship. Output always high 

when inputs are open 

• rRI-STATE drive, with choice of complementary output 
enables, for receiving directly onto a data bus 

• Propagation delay 15 ns typical 
• Advanced low power Schottky processing 

Function Table (Each Receiver) 

Differential Inputs 

A-B 

V,D ~ 0.2V 

V,D";; -0.2V 

X 

H ~ High Level 
L ~ Low Level 
X ~ Immaterial 

Enables 

E E 

H X 
X L 

H X 
X L 

L H 

Outputs 

V 

H 
H 

L 
L 

Z 

Order Number DS26F32CJ or DS26F32MJ 
See NS Package Number J 16A 
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~National 
~ Semiconductor 
DS35F86/DS34F86 
RS-422/RS-423 Quad Line Receiver 
with TRI-STATE® Outputs 

General Description 
The DS34F86/DS35F86 RS-422/3 Quad Receiver features 
four independent receivers, which comply with EIA Stan­
dards for the electrical characteristics of balanced/unbal­
anced voltage digital interface circuits. Receiver outputs are 
74LS compatible TRI-ST ATE structures which are forced to 
a high impedance state when the appropriate output control 
lead reaches a logic zero condition. A PNP device buffers 
each output control lead to assure minimum loading for ei­
ther logic one or logic zero inputs. In addition each receiver 
chain has internal hysteresis circuitry to improve noise mar­
gin and discourage output instability for slowly changing in­
put waveforms. 

The DS34F86/DS35F86 offers improved performance due 
to the use of state-of-the-art L-FAST bipolar technology. 
The L-FAST technology allows for higher speeds and lower 
currents by utilizing extremely short gate delay times. Thus, 
the DS34F86/DS35F86 features lower power, extended 
temperature range, and improved specifications. 

Connection Diagram 

16-Lead DIP 

INA{ 

OUTA~~--' 
TRI-STATE 

CONTROL A/C 
OUT C ~I----. 

INC{ 

GND 

16 V 
15 CC 

14 } IN B 

L-._r-1.:;..3 OUT B 

12 TRI-STATE 
11 CONTROL BID 

...--t-:-:-OUT D 
10 

9 }ND 

TL/F/9616-1 

Top View 

Order Number DS34F86J or DS35F86J 
See NS Package Number J16A 

The DS34F86/DS35F86 offers optimum performance when 
used with the DS34F87/DS35F87 Quad Line Driver. 

Features 
• Military temperature range 

• Low power version 
• Four independent receiver chains 
• TRI-STATE outputs 
• High impedance output control inputs 
• Fast propagation times 15 ns typical 

• TTL compatible 
• Single 5.0V supply voltage 
• Output rise and fall times less than 20 ns 
• Lead compatible and interchangeable with MC3486 and 

DS3486 

DIFFERENTIAL 
INPUTS 
A B 

TRI- STATE 
CONTROL INPUT 

E 

FIGURE 1. Block Diagram 

Function Table (Each Receiver) 

Differential Inputs 
AB 

VID s 0.2V 

VID s -0.2V 

H ~ High Level 
L = Low Level 

x 

Z ~ High Impedance (off) 

Enable 
E 

H 

H 

L 

OUTPUT 
Y 

TL/F/9616-2 

Output 
y 

H 

L 

Z 
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J?'A National 
~ Semiconductor 
DS35F87/DS34F87 
RS-422 Quad Line Driver with TRI-STATE® Outputs 

General Description 
The DS34F87/DS35F87 RS-422 Quad Line Driver features 
four independent driver chains which comply with EIA Stan­
dards for the electrical characteristics of balanced voltages 
digital interface circuits. The outputs are TRI-STATE struc­
tures which are forced to a high impedance state when the 
appropriate output control lead reaches a logic zero condi­
tion. All input leads are PNP buffered to minimize input load­
ing for either logic one or logic zero inputs. In addition, inter­
nal circuitry assures a high impedance output state during 
the transition between power-up and power-down. 

The DS34F87/DS35F87 offers improved performance due 
to the use of state-of-the-art L-FAST bipolar technology. 
The L-FAST technology allows for higher speeds and lower 
currents by utilizing extremely short gate delay times. Thus, 
the DS34F87/DS35F87 features lower power, extended 
temperature range, and improved specifications. 

The DS34F87/0S35F87 offers optimum performance when 
used with the DS34F86/DS35F86 Quad Line Receiver. 

Block and Connection Diagrams 

INPUT 

OIlTPUT 
CONlROL 

FIGURE 1 

Function Table (Each Driver) 

Input Enable 

H 
L 
X 

H = High Level 
L = Low Level 
X = Immaterial 
Z = High Impedance (off) 

H 
H 
L 

NON-INVERTING 

OUTPUTS 

INVERTING 

TLlF/961 B-2 

Output 

y Z 

H 
L 
Z 

L 
H 
Z 

Features 
• Military temperature range 
• Four independent driver chains 

• TRI-STATE outputs 
• PNP high impedance inputs 
• Fast propagation time 

• TIL compatible 
• Single 5.0V supply voltage 
• Output rise and falls times less than 20 ns 
• Lead compatible and interchangeable with MC3487 and 

053487 

16-LeadDIP 

INA{ 

16 Vee 
15 1NO 

14 
OUTA 

13 }OUTO ALB 
CONTROL 

OUTB 
12 CLo 
11 CONTROL 

INB{ 10 }OUTC 

GNO 9 INC 

TL/F/9618-1 

Top View 

Order Number DS34F87J or DS35F87J 
See NS Package Number J16A 
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~National 
~ Semiconductor 
DS1691A/DS3691 (RS-422/RS-423) Line Drivers 
with TRI-STATE® Outputs 

General Description 
The DS1691A1DS3691 are low power Schottky TTL line 
drivers designed to meet the requirements of EIA standards 
RS-422 and RS-423. They feature 4 buffered outputs with 
high source and sink current capability with internal short 
circuit protection. A mode control input provides a choice of 
operation either as 4 independent line drivers or 2 differen­
tial line drivers. A rise time control pin allows the use of an 
external capaCitor to reduce rise time for suppression of 
near end crosstalk to other receivers in the cable. 

With the mode select pin low, the DS1691A1DS3691 are 
dual-differential line drivers with TRI-STATE outputs. They 
feature ± 1 OV output common-mode range in TRI-STATE 
mode and OV output unbalance when operated with ± 5V 
supply. 

Connection Diagram 

vCC 

INPUT A 

INPUT B/DISABLE 

MOOESELECT 

GNO 

INPUT ClOISABLE 

INPUT 0 

VEE 

With Mode Select LOW 
(R5-422 Connection) 

16 

15 

14 

13 

12 

11 

10 

Top View 

Truth Table 

RISE TIME CONTROL A 

OUTPUT A 

OUTPUT B 

RISE TIME CONTRO L B 

RISE TIME CONTROL C 

OUTPUT C 

OUTPUT D 

RISE TIME CONTRDL D 

TL/F/5783-1 

Operation 
Inputs 

Features 
• Dual RS-422 line driver with mode pin low, or quad RS-

423 line driver with mode pin high 
• TRI-STATE control for individual outputs 
• Short circuit protection for both source and sink outputs 
• Outputs will not clamp line with power off or in TRI-

STATE 
• Individual rise mode time control for each output 
• 100n transmission line drive capability 
• Low Icc and lEE power consumption 

RS-422 35 mW/driver typ 
RS-423 26 mW/driver typ 

• Low current PNP inputs compatible with TTL, MOS and 
CMOS 

• Pin compatible with AM26LS30 

VCC 

INPUT A 

INPUT BIDISABLE 

MOOE SELECT 

GNO 

INPUT C/DiSABLE 

INPUT D 

VEE 

With Mode Select HIGH 
(RS-423 Connection) 

RISE TIME CONTROL A 

OUTPUT A 

>---f;;;' OUTPUT B 

'---""~ RISE TIME CONTROL B 

RISE TIME CONTROL C 

OUTPUTC 

>--+- OUTPUT D 

'----I~ RISE TIME CONTROL 0 

TUF/5783-2 
Top View 

outputs 

Mode A (D) B(C) A (D) B(C) 

RS-422 0 0 0 0 1 
0 0 1 TRI-STATE TRI-STATE 
0 1 0 1 0 
0 1 1 TRI-STATE TRI-STATE 

RS-423 1 0 0 0 0 
1 0 1 0 1 
1 1 0 1 0 
1 1 1 1 1 

Order Number OS1691AJ, OS3691J, OS3691M or OS3691N 
See NS Package Number J16A, M16A or N16A 
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~Nalional 
~ Semiconductor 
DS16F95/DS36F95 
RS-485/RS-422 Differential Bus Transceiver 

General Description 
The DS16F95/DS36F95 Differential Bus Transceiver is a 
monolithic integrated circuit designed for bidirectional data 
communication on balanced multipoint bus transmission 
lines. The transceiver meets EIA Standard RS-485 as well 
as RS-422A. 

The DS16F95/DS36F95 offers improved performance due 
to the use of state-of-the art L-FAST bipolar technology. 
The L-FAST technology allows for higher speeds and lower 
currents by utilizing extremely short gate delay times. Thus, 
the DS16F95/DS36F95 features lower power, extended 
temperature range, and improved specifications. 

The DS16F95/DS36F95 combines a TRI-STATEGI> differen­
tial line driver and a differential input line receiver, both of 
which operate from a single 5.0V power supply. The driver 
and receiver have an active Enable that can be externally 
connected to function as a direction control. The driver dif­
ferential outputs and the receiver differential inputs are in­
ternally connected to form differential input/output (I/O) bus 
ports that are designed to offer minimum loading to the bus 
whenever the driver is disabled or when Vee = OV. These 
ports feature wide positive and negative common mode 
voltage ranges, making the device suitable for multipoint ap­
plications in noisy environments. 

The driver is designed to handle loads up to 60 mA of sink 
or source current. The driver features positive and negative 
current-limiting and thermal shutdown for protection from 
line fault conditions. 

Connection Diagram 

a·Lead Dual·ln·Line Package 

v.-~~v 
~ 12 a......c.1(;L_ 7 CC 

RE ~ B}IN/OUT 
DE 3 ~ ~A BUS PORT 
0- 4 0 5 ~GND 

Top View 

Order Number DS16F95J, DS36F95J 
See NS Package Number JOaA 

TLiF/9629-1 

The DS16F95/DS36F95 can be used in transmission line 
applications employing the DS96F172 and the DS96F174 
quad differential line drivers and the DS96F173 and 
DS96F175 quad differential line receivers. 

Features 
• Military temperature range 
• Bidirectional transceiver 
• Meets EIA Standard RS-422A and RS-485 
• Meets SCSI specifications 
• Designed for multipoint transmission 
• TRI-STATE driver and receiver enables 
• Individual driver and receiver enables 
• Wide positive and negative input/output bus voltage 

ranges 

• Driver output capability + 60 mA maximum 
• Thermal shutdown protection 
• Driver positive and negative current-limiting 
• High impedance receiver input 
• Receiver input sensitivity of ± 200 mV 
• Receiver input hystereSiS of 50 mV typical 
• Operates from single 5.0V supply 

• Low power version 
• Pin compatible with DS3695 and SN75176A 

Function Tables 

Differential Inputs 

D 

H 

L 

x 

Differential Inputs 

A-B 

VIO ~ -0.2V 

x 
H = High Level 
L = Low Level 
X = Immaterial 
Z = High impedance (Off) 
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Driver 

Enable 

DE 

H 

H 

L 

Receiver 

Enable 

RE 

L 

L 

H 

Outputs 

A B 
H L 

L H 

z z 

Output 

R 

H 

L 

z 



~National 
~ Semiconductor 
DS96F172/DS96F174 
RS-485/RS-422 Quad Differential Drivers 

General Description 
The DS96F172 and the DS96F174 are high speed quad 
differential line drivers designed to meet EIA Standard RS-
485. The DS96F172 and the DS96F174 offer improved per­
formance due to the use of new, state-of-the-art L-FAST 
bipolar technology. The L-FAST technology allows for high­
er speeds and lower currents by utilizing extremely short 
gate delay times. Thus, the DS96F172 and the DS96F174 
feature lower power, extended temperature range, improved 
RS-485 specifications, and meet SCSI specifications. 

The DS96F172 and the DS96F174 have TRI-STATE® out­
puts and are optimized for balanced multipoint data bus 
transmission at rates up to 15 Mbps. The drivers have wide 
positive and negative common mode range for multipoint 
applications in noisy environments. Positive and negative 
current-limiting is provided which protects the drivers from 
line fault conditions over a + 12V to - 7.0V common mode 
range. A thermal shutdown feature is also provided. The 
DS96F172 features an active high and active low Enable, 
common to all four drivers. The DS96F17 4 features sepa­
rate active high Enables for each driver pair. 

Compatible RS-485 receivers, transceivers, and repeaters 
are also offered to provide optimum bus performance. The 

Connection Diagrams 

respective device types are DS96F173, DS96F175 and 
DS36F95. 

Features 
• Military temperature range available 
• Meets EIA Standard RS-485 and RS-422A 
• Meets SCSI specifications 
• Monotonic differential output switching 
• Transmission rate to 10 Mbps 
• TRI-STATE outputs 
• Designed for multipoint bus transmission 
• Common mode output voltage range: - 7.0V to + 12V 
• Operates from single + 5.0V supply 
• Lower power version 
• Thermal shutdown protection 
• DS96F172 and DS96F174 are lead and function com­

patible with the SN75172/174 or the AM26LS311 
MC3487 

Dual-In-Llne Package 

DS96F172 

lA 

lY 

lZ 

2Z 

2Y 

2A 

GND 

Top View 

16 Vee lA 

15 4A lY 

14 4y lZ 

13 4Z El,2 

12 E 2Z 

11 3Z 2Y 

10 3y 2A 

9 3A GND 

TLlF/9625-1 

Order Number DS96F172CJ, DS96F172MJ, 
DS96F174CJ or DS96F174MJ 

See NS Package Number J16A 
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DS96F174 

TL/F/9625-2 

Top View 
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Ie 
u:: ~ National 
~ ~ Semiconductor 
::! 
u:: DS96F173/DS96F175 
~ RS-485/RS-422 Quad Differential Receivers 

General Description 
The DS96F173 and the DS96F175 are high speed quad 
differential line receivers designed to meet EIA Standard 
RS-485. The DS96F173 and the DS96F175 offer improved 
performance due to the use of state-of-the-art L-FAST bipo­
lar technology. The L-FAST technology allows for· higher 
speeds and lower currents by utilizing extremely short gate 
delay times. Thus, the DS96F173 and the DS96F175 fea­
ture lower power, extended temperature range, improved 
RS-485 specifications, and meet SCSI specifications. 

The DS96F173 and the DS96F175 have TRI-STATE~ out­
puts and are optimized for balanced multipoint data bus 
transmission at rates up to .15 Mbps. The receivers feature 
high input impedance, input hysteresis for increased noise 
immunity, and input sensitivity of 200 mV over a common 
mode Input volage range of -12V to + 12V. The receivers 
are therefore suitable for multipoint applications in noisy en­
vironments. The DS96F173 features an active high and ac­
tive low Enable, common to all four receivers. The 
DS96F175 features separate active high Enables for each 
receiver pair. 

Competible RS-485 drivers, transceivers, and repeaters are 
also offered to provide optimum bus performance. The re-

Connection Diagrams 

spective device types arE:!. DS96F172, DS96F174 and 
DS36F95. 

Features 
Military temperature range available 
Meets EIA Standard RS-485, RS-422A, RS-423A 
Meets SCSI specifications 
Designed for multipoint bus applications 
TRI-STATE outputs 
Common mode input voltage range: -12V to + 12V 
Operates from Single + 5.0V supply 
Lower power version 
Input sensitivity of ±200mV over common mode range 
Input hysteresis of 50 mil typical 
High input impedance 
Fail-safe input/output features drive output HIGH when 
input is open 

• DS96F173 and DS96F175 are lead and function com­
patible with SN75173/175 or the AM26LS32/MC3486 

16-Lead Ceramic Dual-In-Llne Package 

18 

lA 

lY 

2A 

28 

GND 

DS96F173 

Top View 
TL/F/9627-1 

Order Number DS96F173CJ, DS96F173MJ, 
DS96F175CJ or DS96F175MJ 

See NS Package Number J 16A 
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TUF/9627-2 

Top View 



J?A National 
~ Semiconductor 

DS96176/ILA96176 
RS-485/RS-422 Differential Bus Transceiver 

General Description 
The DS96176/,...A96176 Differential Bus Transceiver is a 
monolithic integrated circuit designed for bidirectional data 
communication on balanced multipoint bus transmission 
lines. The transceiver meets EIA Standard RS-485 as well 
as RS-422A. 

The DS96176/,...A96176 combines a TRI-STATE® differen­
tial line driver and a differential input line receiver, both of 
which operate from a single 5.0V power supply. The driver 
and receiver have an active Enable that can be externally 
connected to function as a direction control. The driver dif­
ferential outputs and the receiver differential inputs are in­
ternally connected to form differential input! output (110) bus 
ports that are designed to offer minimum loading to the bus 
whenever the driver is disabled or when Vee = OV. These 
ports feature wide positive and negative common mode 
voltage ranges, making the device suitable for multipoint ap­
plications in noisy environments. 

The driver is designed to handle loads up to 60 mA of sink 
or source current. The driver features positive and negative 
current-limiting and thermal shutdown for protection from 
line fault conditions. Thermal shutdown is designed to occur 
at junction temperature of approximately 160'C. The receiv­
er features a typical input impedance of 15 kn, an input 
sensitivity of ±200 mV, and a typical input hysteresis of 
50mV. 

Connection Diagram 
8-LeadDIP 

R-~r-V _ 2 1; 7 cc 

DE- 3 ~ I-A BUS PORT 
RE ~ B} IN/OUT 

D- 4 D 51-GND 

TL/F/9630-1 

Top View 

Order Number DS96176J, ,...A96176RC 
See NS Package Number J08A' 

Order Number DS96176N, ,...A96176TC 
See NS Package Number N08E 

'For most current package information, contact product marketing. 

The DS96176/,.A96176 can be used in transmission line 
applications employing the DS96172/ ,.A96172 and the 
DS96174/,...A96174 quad differential line drivers and the 
DS96173/ ,...A96173 and DS96175/ ,.A96175 quad differen­
tial line receivers. 

Features 
• Bidirectional transceiver 
• Meets EIA Standard RS-422A and RS-485 
• Designed for multipoint transmission 
• TRI-STATE driver and receiver enables 
• I ndividual driver and receiver enables 
• Wide positive and negative input/output bus voltage 

ranges 
• Driver output capability ±60 mA Maximum 
• Thermal shutdown protection 
• Driver positive and Negative current-limiting 
• High impedance receiver input 
• Receiver input sensitivity of ± 200 mV 
• Receiver input hysteresis of 50 mV typical 
• Operates from single 5.0V supply 
• Low power requirements 

Function Table 
Driver 

Differential 
Enable 

Inputs 
Outputs 

D 

H 
L 
X 

Differential Inputs 

A-B 

VID;;' 0.2V 
VID s -0.2V 

X 

H ~ High Level 
L ~ Low Level 
X = Immaterial 
Z ~ High Impedance (off) 

DE 

H 
H 
L 

Receiver 

Enable 

L 
L 
H 

A B 

H L 
L H 
Z Z 

Output 

R 

H 
L 
Z 
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~National 
~ Semiconductor All dimensions are in Inches (millimeters) 

20 Lead Ceramic Dual-In-Llne Package (J) 
NS Package Number J20A 

~ 
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MAX 

D.211O-0.320 
(7.311-8.1281~ 
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MAX 
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NS Package Number J24A 
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(0.1351 
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0.005 
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0.001-0.012 
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8.011 
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16 Lead Molded Dual-In-Llne Package (N) 
NS Package Number "H SA 

0.082 
(2.3371 

OIANOM 
(2XI 

0.D30 

0.0411 

95"5' 

I· ·1 
0.325 j:: 

(1.255 +1,016) 
-0.361 

0.009-0.015 tJ 

20 Lead Molded Dual-In-Line Package (N), 
NS Package Number N20A 

(25.73-26.421' ' 0.092 X 0.030 
(2.337 x 0.7121 

MAXOP 

1.013-1.040 =:1' 
~====~Sb=17===18~1=1~14~~13~1~2~11~' ~---r 

~(~J.~:I 
0.300-0.320 
(7.120-8.1281 

,---.....,1 

0.325 -0:015 

'1.255 +1.016) 
~ -0.381 

PIN NO. 110ENT 0.260 ±0.005 
(6.604 to.1271 

~rn9.mm~~~~~,~ 

0.065 
(1.8611 

~'",~~rT~rH~~~~ 

0.109_0;0IJJ 
(0.229-0.3811 
TVP 

0.060 to.005 
(1.624'0.1271 

7-4 

0.020 
(0.5081 

MIN 

N16A(REVEJ 

N20AfREVGI 

OPTION 2 



r-------------------------------------------------------------------------~ ~ 

24 Lead Molded Dual-In-Line Package (N) 
NS Package Number N24A 

95·>5· 

0.625 ~::~~ 
I----- (16875+o.&36)~ 

. -11.381 

1-------(31.57-32.26)-------·~ 1.243-1.270 I 

0.012 
(1.576) 

RAD 

13 

i1 c:B c:B I 0.540 >0.005 

..... Ti;"'F.'Fi';=r=F.'F'F.'i""F.'i"'Ti'FiF.i"'F.i'9'i'lRiiFir.;rY! J"" 
? 1 Z 

PIN NO. IIDENT 

DOTTED OUTLINES 
REFLECT ALTERNATE 

MOLDED BODV CONFIGURATION 

0.160 >0.005 

~ t t TVP 0.015 

~ ~f-- 0.018>0.0 3 (0381) 
---- 0.125-0.140 • 

0.100 ±P.oIo (0.457.0.07&) (3.175-3.5661 MIN 
(2.540 >0.254) 

N24A(AEVE) 

24 Lead Skinny Dual-In-Line Package (0.300" Centers Molded) (N) 
NS Package Number N24C 

0.009-0.015 
(0.229-0.381) 

0.300-0.320 

r~~'~ I 
0.280 

+0040 (7.112) 
0.325 -0:015 MIN 

(a.255 ~~:~~) 
-+--"=-=----( 

0.092 
(2.337) 
(2 PLS) 

PIN NO. 1_--" .... _ 
10ENT 

OPTION 2 

l---"J 
0.065 

(1.651) 

0.075±0.015 I 
(1.905±0.361) I--

7·5 

1.243-1.270 
(31.57 -32.26) 

MAX 

! 
0.280 ± 0.00II 
(6.604±0.127) 

I 

N24C(AEVF) 

::T 

1. 
n 
!!t 
o 
3· 
CD ::s 
VI o· 
::s 
VI 

II 



40 Lead Molded Dual-In-Line Package (N) 
NS Package Number N40A 

I' 
D.D12 

11.1111 
HAD 

1 e e ~~ 

~~n9~nr~9mrr.~~~f.FmrT.r~fffiFi~i9fiFir~9D~::J[D'1211 PlM 10. IIDENT 

48 Lead Molded Dual-In-Line Package (N) 
NS Package Number N48A 

__ a 

~-------------------,~:~~,--------------------~ 

-.... 

7·8 
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28 Lead Plastic Chip Carrier (V) 
NS Package Number V28A 

.... -0.1140 
'1.1'1-'.011, .!!!!=!!!!.. 

(4.181-4.572) 

!:.!!!=!:!!!. ,1.lIII0-''.'3) 
m 

44 Lead Plastic Chip Carrier (V) 
NS Package Number V 44A 

1.112-0.140 ..y!! 
(0.111-1.""' 'D .... ' 

o.l6D-j iH.5ii 
R"SQ 

UBI-I._ 
"7.011-17.8&' 

11IUARE 

+ t 

f 0.104-0.118 
12.642-2.197) 

7-7 

.. .., .... 

=~ x'" 

Y2IIAtREYG) 

V.uCRiVHj 

i 
~ 
52 
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CD ::s en o· 
if 

II 
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.~ 
I c 
'5 
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68 Lead Plastic Chip Carrier (V) 
NS Package Number V68A 

r "1 
.!:!!t 0.060.0 .• 
(20.81) (1.270=20.32) 

(8.382) 
DIANOM 

44."r-'Ln.l"1.l'1.MU'1.Jn.rPEllE8TAl.U"Ln.t"U"1.r'LI''LM.M.l.",.. ..... • 28 

a u 
11+-.. --0.826 ---+l.1 

(20.88) 
NOM 

84 Lead Plastic Chip Carrier (V) 
NS Package Number V84A 

32L I" (~:::~::) .. 
REF 

20 SPACEBAr 

~::=:::)----~ 
80 ~ 

.1!!!!!:!llt ( .... u ..... ) 
II 

COIITACT 
DIMENSION 

7·8 

0.02D 
(0.608) 

MIN 

0.104-0.118 
(2.642-2.997) 

1-
~ 

0.013-0.018 

1
(0.330-0.4&7) 

~TYI' 
(23.11-23.82) 

auUME 
CONTACT 

DIMENSION 

~ 
( ..... -2.1117) 

..!Y!!. 
(24.13) 
REf 10 

a.a85-0.115 
(28.02 - 28.27) 

30UARE 

V8BA(REVG) 

VlEWA-A 
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