


















































































































































































































































































































































































































































































































































CLOCK 7 1/2 H 1854A/1854A
‘CH‘E‘LCCE: oL SAMPLE CLOCK 7 1/2 LOAD HOLDING REGISTER 54AC
R CLOCK 1 2 3 4 5 6 7 Emi 2 3 4 5 6 7 8 9
= oc” B
sDIT L STARTBIT PARITY —apg T
| ! le-tcov
RBUSO - —
RBUS 7 T
[
I
DA T (|
——{ —tppA + (= 1cpa
DAR 1 T T
v ) {COE =] !t
=———tpp— I
OE** Y
ICPE—~ b=
PE -
ICFE=]  =—
FE i)

* IF A START BIT OCCURS AT A TIME LESS THAN tpc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, THE START BIT MAY NOT BE
RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK. THE START BIT MAY BE COMPLETELY ASYNCHRONOUS WITH
THE CLOCK.

** |F A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE TIME A NEW WORD IS LOADED INTO
THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE.

FIGURE 4. MODE 0 RECEIVER TIMING DIAGRAM

SIGNAL DESCRIPTION (Standard Mode 0)

Terminal

No. Signal Function

1 VpD Positive supply

2 Mode Select (Mode) A low level voitage at this input selects Standard Mode 0 Operation.

3 Vss Ground

4 Receiver Register A high-level voltage applied to this input disconnects the Receiver Holding Register

Disconnect (RRD) from the Receiver Bus.
5-12 Receiver Bus Receiver parallel data outputs. R BUS 7 is the most significant bit.
(RBUSO0—RBUS7)

13 Parity Error (PE) Ahigh-level voltage at this outputindicates that the received parity does not compare to
that programmed by the Even Parity Enable (EPE) control. This output is updated each
time a character is transferred to the Receiver Holding Register. PE lines from a number
of arrays can be bused together since an output disconnect capability is provided by the
Status Flag Disconnect (SFD) line.

14 Framing Error (FE) A high-level voltage at this outputindicates that the received character has no valid stop
bit, i.e., the bit following the parity bit (if programmed) or MSB of data (if parity is not
programmed) is nota high-level voltage. This outputis updated each time a character is
transferred to the Receiver Holding Register. FE lines from a number of arrays can be
bused together since an output disconnect capability is provided by the Status Flag
Disconnect (SFD) line.

15 Overrun Error (OE) A high-level voltage at this output indicates that the Data Available (DA) flag was not
reset before the next character was transferred to the Receiver Holding Register and the
previous data was presumably lost. OE lines from a number of arrays can be bused
together since an output disconnect capability is provided by the Status Flag Disconnect
(SFD) line.

16 Status Flag A high-level voltage applied to this input disables the 3-state output drivers for PE, FE,

Disconnect (SFD) OE, DA, and THRE, allowing these status outputs to be bus connected.
17 Receiver Clock Clock input with a frequency 16 times the desired receiver bit shift rate.
(R Clock)
18 Data Available A low-level voltage applied to this input resets the DA flip-flop.
Reset (DAR)
19 Data Available (DA) A high-level voltage at this output indicates that an entire character has been received

and transferred to the Receiver Holding Register.
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20

21

22

23

24

25

26-33

34

35

36

37

38

39

40

Serial Data Input
(SDI)

Master Reset (MR)

Transmitter Holding
Register Empty (THRE)

Transmitter Holding
Register Load (THRL)

Transmitter Shift
Register Empty (TSRE)

Serial Data
Output (SDO)

Transmitter Bus
(TBUSO—TBUS7)

Control Register
Load (CRL)

Parity Inhibit (P1)

Stop Bit
Select (SBS)

Word Length
Select 2 (WLS2)

Word Length
Select 1 (WLS1)

Even Parity
Enable (EPE)

Transmitter Clock
(T Clock)

Serial data received at this input enters the receiver shift register ata point determined by
the character length. A high-level voltage must be present when data is not being
received (IDLE STATE)

Ahigh-level voltage at this input resets the Receiver Holding Register, Control Register,
and Status Register, and sets the serial data output high.

A high-level voltage at this output indicates that the Transmitter Holding Registér has
transferred its contents to the Transmitter Shift Register and may be reloaded with anew
character.

A low-level voltage applied to this input enters the character on the data bus into the
Transmitter Holding Register. Data is latched on the trailing edge of this signal.

A high-level voltage at this output indicates that the Transmitter Shift Register has
completed serial transmission of a full character including stop bit(s). It remains at this
level until the start of transmission of the next character.

The contents of the Transmitter Shift Register (start bit, data bits, parity bit, and stop bit(s)
are serially shifted out on this output. When no character is being transmitted, a
high-level idle state is maintained. Start of transmission is defined as the transition of the
start bit from a high-level to a low-level output voltage.

Transmitter parallel data inputs. T BUS 7 is the most significant bit.

Ahigh-level voltage at this input loads the Control Register with the control bits (PI, EPE,
SBS, WLS1, WLS2). This line may be strobed or hardwired to a high-level input voltage.

A high-level voltage at this input inhibits the parity generation and verification circuits
and will clamp the PE output low. If parity is inhibited the stop bits(s) will immediately
follow the last data bit on transmission. '

This input selects the number of stop bits to be transmitted after the parity bit. A
high-level selects two stop bits, a low-level selects one stop bit. Selection of two stop bits
(logic high) with five data bits programmed (WLS2 = low. WLS1 = low) selects 1.5 stop
bits.

These two inputs select the character length (exclusive of parity) as follows:

WLS2 WLS1 Word Length
Low Low 5 Bits
Low High 6 Bits
High Low 7 Bits
High High 8 Bits

A high-level voltage at this input selects even parity to be generated by the transmitter
and checked by the receiver. A low-level input selects odd parity.

Clock input with a frequency 16 times the desired transmitter shift rate.

FUNCTIONAL DIAGRAM (1802 Compatible — Mode 1)

TRANSMITTER SECTION
MODE (Vpp) TO TERM 2
CLEAR TO TERM 21
VDD TO TERM 1
Vss TO TERM 3

SDO

Izs
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x X
8 cg[INTEFlFACE 8 RECEIVER SECTION
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H 1854A/1854AC

MODE 1 OPERATION (MODE INPUT = Vpp)
A. Initialization and Controls

Inthe microprocessor compatible mode the 1854A is configured to receive commands and transmitter data, and
to send status and receiver data via the microprocessor data bus. The register selected to be connected to the
transmitter bus or receiver bus is determined by the Read /Write (RD/WR) and Register Select (RSEL) inputs as
follows:

RSEL RD/WR Function

Low Low Load Transmitter Holding Register
from Transmitter Bus

Low High Read Receiver Holding Register from
Receiver Bus

High Low Load Control Register from Transmitter
Bus

High High Read Status Register from Receiver
Bus

TABLE 4. REGISTER SELECTION

In mode 1 the 1854A is compatible with an 8 bit bidirectional bus system. The Receiver and Transmitter buses
can be connected together externally to directly interface with the microprocessor bus. Thel/O control signals
generated by the 1802 can be connected directly to the 1854A as shown on the front page.

To initiate the UART operation the Clear input is pulsed which resets the Control, Status and Receiver Holding
Registers and sets the Serial Data Out (SDO) to a logic high. The Control Register is then loaded from the
Transmitter bus to determine the operating configuration for the UART. Data is transferred over the
transmitter bus to the Control Register during the TPB lock output from the 1802 when the UART is selected
(CS 1«CS2.+CS 3= 1) and the control Register is designated (RSEL) = high, RD/WR = low). The status register of
the 1854A can be read onto the Receiver bus (R BUS 0 — R BUS 7) to determine the UART status. Some of these
bits are also available at separate terminals as indicated in the mode 1 block diagram.

B. Transmitter Operation

Before transmitting, the Transmit Request (TR) bitin the Control Register must be set. This is done by executing
the operation to load the Control Register with the TR bit set (bit 7) in the byte transmitted over the bus. When bit 7
is high itinhibits changing of the other control bits. Therefore, two loads are required: one to formatthe UART, the
second to set TR. When TR has been set a Transmitter Holding Register Empty (THRE) interrupt will occur,
signaling the microprocessor (normally through the INTR or EF lines) that the Transmitter Holding Register is
empty and may be loaded with data. Setting TR also sets a low level on the Request To Send (RTS) output to
peripherals (such as a modem).

The Transmitter Holding Register is loaded from the bus by TPB during execution of an Output instruction from
the microprocessor. The 1854A UART is selected by (CS 1¢CS 2CS 3 = 1). The Transmitter Holding Register is
selected by RSEL = low and RD/WR = low. When the Clear To Send (CTS) input signal is low the Transmitter
Shift Register is loaded with the contents of the Transmitter Holding Register and data transmission will begin. If
CTS is low the Transmitter Shift Register will be loaded on the first high-to-low edge of the clock which occurs at
least 1/2 clock period after the TPB trailing edge. Transmission of the start bitoccurs 1/2 clock period later (see
Fig. 5). Parity (if programmed) and stop bit(s) are transmitted following the last data bit. If the word length selected
is less than 8 bits, the most significant unused bits in the transmitter shift register will not be transmitted.
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One transmitter clock period after the Transmitter Shift Register is loaded the THRE signal goes to alow and the
interruptis asserted (INT goes low). The next character to be transmitted can then be loaded into the Transmitter
Holding Register and its Start bit will immediately follow the last Stop bit of the previous character. This cycle is
repeated until the last character is transmitted, at which time a final THRE<TSRE interrupt will occur. This
interrupt signals the microprocessor that the TR control bit can be turned off by reloading the original control
byte with the TR bit = 0. This also terminates the Request To Send (RTS) signal.

The Serial Data Out (SDO) line can be held low by setting the Break bit (bit 6) in the Control Register to a high.
SDO is held low until the Break bit is reset.

TRANSMITTER SHIFT**

TRANSMITTER HOLDING* /REGISTER LOADED
REGISTER LOADED ~ e
7 cLock S LW LAL L BLGLISLfeL ] K iveiamt
t il 14 15 ‘Li

TGt b= | |  —= =~ tCH ~—tcD
WRITEY  — | | oL~ !
(L Ty S w i
e =TT |
THRE 1 :
- =—tCD |
SDO ————— _ /STORTABIT

* The Holding Register is Loaded On the Trailing Edge of TPS.
** The Transmitter Shift Register is Loaded On the First High-to-Low Transition of the Clock Which Occurs at Least 1/2 Clock Period + tTc After the
Trailing Edge of TPS, and Transmission of a Start Bit Occurs 1/2 Clock Period + tcp Later.
1 Write is the Overlap of TPS, CS 1 and CS 3 =1 and CS 3, RD/WR = 0.
FIGURE 5. TRANSMITTER TIMING DIAGRAM — MODE 1

DYNAMIC ELECTRICAL CHARACTERISTICS at TpA =— 40 to + 85°C, Vpp *+ 5%, t;, tf = 20 ns, V|4 = 0.7 VDD,
VIL = 0.3 Vpp, CL = 100 pF, See Figs. 5 and 6.

Transmitter Timing — MODE 1
Minimum Clock Period tcc 5 250 310 250 310 ns
10 125 155 — —
Minimum Pulse Width: tcL 5 100 125 100 125 ns
Clock Low Level 10 75 100 .- —
Clock High Level tCH 5 100 125 100 125 ns
10 75 100 — .
TPB T 5 100 150 100 150 ns
10 50 75 — — :
Minimum Setup Time: trc 5 175 225 175 225 ns
TPB to Clock 10 90 150 — —
Propagation Delay Time: tcb 5 300 450 300 450 ns
Clock to Data Start Bit 10 150 225 — —
TPB to THRE tTTH 5 200 ' 300 200 300 ns
10 100 150 — —
Clock to THRE tcTH 5 200 300 200 300 ns
10 100 150 — —
CPU Interface — WRITE Timing — MODE 1
Minimum Pulse Width: T 5 100 150 100 150 ns
TPB 10 50 75 — —
Minimum Setup Time: tRSW 5 50 75 50 75 ns
RSEL to Write 10 25 40 — —
Data to Write tbw 5 —100 —75 —100 —75 ns
10 —50 —35 — —
Minimum Hold Time: tWRS 5 50 75 50 75 ns
RSEL after Write 10 25 40 — —
Data after Write twbD 5 75 125 75 125 ns
10 40 60 —_ —

NOTE 1: Typical values are for Tp = + 25°C and nominal voltages.
NOTE 2: Maximum limits of minimum characteristics are the values above which all devices function.
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et H 1854A/1854AC

TPB* L
F=—tRSW—=] —=i WRS l=—
RSEL N ] T X
TBUSO- =—"'DW —! ——i WD =
TBUS7 X L X
]
CS3,CS1* Z 774 I\
1
RD/WR, CS3* N\ V/ 7

* WRITE IS THE OVERLAP OF TPB, CS 1,CS 3=1AND CS 2, RD/WR = 0.
FIGURE 6. MODE 1 CPU INTERFACE (WRITE) TIMING DIAGRAM
C. Receiver Operation

The receive operation begins when a start bit is detected at the Serial Data In (SDI) input. After detection of the
first high-to-low transition on the SDI line, a valid START bit is verified by checking for a low level input 72
receiver clock periods later. After verification of a valid Start bit, the following data bits, parity bit (if programmed)
and Stop bit(s) are shifted into the Receiver Shift Register by being sampled every sixteen clocks (atclock pulse
7). On count 72 of the first Stop bit the data in the Receiver Register is loaded into the Receiver Holding
Register. If the word length is less than 8 bits, zeros (low level outputs) are loaded into the unused left-most
(significant) bits. If Data Available (DA) has not been reset by the time the Receiver Holding Register is loaded, the
Overrun Error (OE) status bitis set. One half clock period later the Parity Error (PE) and Framing Error (FE) status
bits become valid for the character in the Receiver Holding Register. Also, at this time, the Data Available (DA)
and Interrupt (INT) outputs go low, signaling to the microprocessor that a received character is available to be
read. The microprocessor responds by executing an Input instruction. The UART's 3-state bus drivers are
enabled when the UART is selected (CS 1CS2+CS 3 =1)and RD/WRiis high. Data is read when RSEL =low and
status is read when RSEL = high. When reading data, TPB latches the data in the microprocessor and resets the
Data Available (DA) signal in the UART. This sequence is repeated for each serial character which is received
from the peripheral.

—=1CC b= CLOCK 7%
—| —tcH SAMPLE ~ CLOCK 7% LOAD HOLDING REGISTER

f
|
SDI -
START BIT PARITY::‘ TsTor B | : |
[=tTDA {CDA—=| p=—
DA | y4 AN
i [
READ** — £ AN |
‘—'|tTT|<_ : tCoE
TPB ! f——
OEt "I
tcpg — =
PEt /

|
] T
tCFE —=| /\:—
FE '

* |F A START BIT OCCURS AT A TIME LESS THAN tpg BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, THE START BIT MAY NOT BE
RECONGIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK. THE START BIT MAY BE COMPLETELY ASYNCHRONOUS WITH
THE CLOCK.

** READ IS THE OVERLAP OF CS 1,CS 3, RD/WR=1and CS 2 =0.
IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE TIME A NEW WORD IS LOADED INTO
THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE.

+ OE AND PE SHARE TERMINAL 15 AND ARE ALSO AVAILABLE AS TWO SEPARATE BITS IN THE STATUS REGISTER.

FIGURE 7. MODE 1 RECEIVER TIMING DIAGRAM
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA = — 40 to + 85°C, VpD * 5%, tr, tf = 20 ns, V]H = 0.7 VpD, ‘

ViL = 0.3 VpD, CL = 100 pF, See Figs. 7 and 8.

T T TR e

Receiver Timing — MODE 1

Minimum Clock Period tcc 5 — 250 310 — 250 310 ns
10 — 125 155 — — —

Minimum Pulse Width: tcL 5 — 100 125 — 100 125 ns
Clock Low Level 10 — 75 100 — — —

Clock High Level tCH 5 — 100 125 — 100 125 ns
10 — 75 100 — — —

TPB tTT 5 — 100 150 —_ 100 150 ns
10 — 50 75 — — —

Minimum Setup Time: tbc 5 -_ 100 150 — 100 150 ns
Data Start Bit to Clock 10 — 50 75 — — —

Propagation Delay Time: tTDA 5 — 220 325 — 220 325 ns
TPB to DATA AVAILABLE 10 — 110 175 —_ — —

Clock to DATA AVAILABLE tcpa 5 — 220 325 — 220 325 ns
10 — 110 175 — — —

Clock to Overrun Error tCOE 5 — 210 300 — 210 300 ns
10 — 105 150 — — —

Clock to Parity Error tCPE 5 —_ 240 375 — 240 375 ns
10 — 120 175 — — _

Clock to Framing Error tCFE 5 — 200 300 —_ 200 300 ns
10 — 100 150 — — —

CPU Interface — READ Timing — MODE 1

Minimum Pulse Width: T 5 —_ 100 150 —_ 100 150 ns
TPB 10 — 50 75 — - —

Minimum Setup Time: tRST 5 — 50 75 — 50 75 ns
RSEL to TPB 10 — 25 40 — — —

Minimum Hold Time: tTRS 5 — 50 75 — 50 75 ns
RSEL after TPB 10 — 25 40 — — e

Read to Data Access Time tRDDA 5 — 200 300 — 200 300 ns
10 — 100 150 — — —

Read to Data Valid Time tRDV 5 — 200 300 — 200 300 ns
10 — 100 150 — — —

RSEL to Data Valid Time tRSDV 5 — 150 225 — 150 225 ns
) 10 — 75 125 — — _—

Hold Time: “tRDM - 5 50 150 — 50 150 — ns
Data after Read 10 25 75 —_ — — —

NOTE 1: Typical values are for Tp = + 25°C and nominal voltages.
NOTE 2: Maximum limits of minimum characteristics are the values above which all devices function.

|
T ——y

| IR T | l‘lTRS’i
|
RSEL ). & - | X
) 0
—=| tRSDV |we— {
RBUSO - ( a—‘>____
-
RBUS7 —={ RODA F—= ” T
- [e—RDV—=| —i t(RDH
RD/WR* 2 !
€S 1.083 7 :‘W
cs2 ZZ| E

* Read is the Overlap of CS 1,CS 3, RD/WR=1and €S2 =0

FIGURE 8. MODE 1 CPU INTERFACE (READ) TIMING DIAGRAM
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Control Register Bit Assignment H 1854A/1854AC

Bit 7 6 5 4 3 2 1 0
signal | TR [BREAK] 1IE [ wis2 [wist1 [ sBs | EPE | PI |

Bit Signal Function

0 Parity Inhibit (PI) When set high parity generation and verification are inhibited and the PE Status bit is
held low. If parity is inhibited the stop bit(s) will immediately follow the last data bit on
transmission, and EPE is ignored.

1 Even Parity When set high, even parity is generated by the transmitter and checked by the receiver.
Enable (EPE) When low, odd parity is selected.
2 Stop Bit See table below.
Select (SBS)
3 Word Length See table below.
Select 1 (WLS1)
4 Word Length See table below.
Select 2 (WLS2)
Bit 4 Bit 3 Bit 2
WLS2 WLS1 SBS Function
0 0 0 5 data bits, 1 stop bit
0 0 1 5 data bits, 1.5 stop bits
0 1 0 6 data bits, 1 stop bit
0 1 1 6 data bits, 2 stop bits
1 0 0 7 data bits, 1 stop bit
1 0 1 7 data bits, 2 stop bits
1 1 0 8 data bits, 1 stop bit
1 1 1 8 data bits, 2 stop bits
5 Interrupt Enable (IE) When set high THRE, DA, THRETSRE, CTS, and PSlI interrupts are enabled (see
interrupt Conditions, Table 5
6 Transmit Break Holds SDO in a spacing (low) condition when set. Once the break bit in the control
(Break) register has been set high, SDO will stay low until the break bit is reset low or one of

the following occurs — Clear goes low; CTS goes high; or a word is transmitted. The
transmitted word will not be valid since there can be no start bit if SDO is already low.
SDO can be set high without intermediate transitions by transmitting a word
consisting of zeros.

7 Transmit Request (TR) When set high, RTS is set low and data transfer through the transmitter is initiated by
the initial THRE interrupt. (When loading the Control Register from the bus, this bit
inhibits changing of other control flip-flops.)

D. Peripheral Interface

In addition to serial data in and out, four signals are provided for communication with a peripheral. The Request
To Send (RTS) output signal alerts the peripheral to get ready to receive data. The Clear To Send (CTS) input
signal is the response, signalling that the peripheral is ready. The External Status (ES) inputlatches a peripheral
status level, and the Peripheral Status Interrupt (PSI) input senses a status change edge (high-to-low) and also
generates an interrupt. For example, the modem Data Carrier Detect line could be connected to the PSlinput on
the UART in order to signal the microprocessor that transmission failed because of loss of the carrier on the
communications line. The PSI and ES bits are stored in the Status Register (see below).

Status Register Bit Assignment

Bit 7 6 5 4 3 2 1 0
signal THRE [TsRe | psi [ Es | FE | PE | OE [ DA ]
Also Available 22* — —_ — 14 15 15 19%

at Terminal

*Polarity reversed at output terminal.
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Bit Signal

0 Data Available (DA)

1 Overrun Error (OE)

2 Parity Error (PE)

3 Framing Error (FE)
External Status (ES)
Peripheral Status
Interrupt (PSI)

6 Transmitter Shift
Register Empty (TSRE)

7 Transmitter Holding
Register Empty (THRE)

INTERRUPT CONDITIONS

CAUSE

Function

When set high, this bit indicates that an entire character has been received and
transferred to the Receiver Holding Register. This signal is also available at Term. 19 but
with its polarity reversed.

When set high, this bit indicates that the Data Available bit was not reset before the next

character was transferred to the Receiver Holding Register (i.e., the original data was
lost). This signal OR’ed with PE is output at Term. 15.

When set high, this bit indicates that the received parity bit does not compare to that '

programmed by the Even Parity Enable (EPE) control. This bit is updated each time a

character is transferred to the Receiver Holding Register. This signal OR’ed with OE is

output at Term. 15.

When set high, this bitindicates that the received character has no valid stop bit, i.e., the
bit following the parity bit (if programmed) is not a high-level voltage. This bitis updated
each time a character is transferred to the Receiver Holding Register. This signal is also
available at Term. 14.

This bit is set high a low-level input at Term. 38 (ES).

This bit is set high by a high-to-low voltage transition at Term. 37 (PSI). The Interrupt
output (Term. 13) is also asserted (INT = low) when this bit is set.

When set high, this bit indicates that the Transmitter Shift Register has completed serial
transmission of a full character including stop bit(s). It remains set until the start of
transmission of the next character.

When set high, this bit indicates that the Transmitter Holding Register has transferred its
contents to the Transmitter Shift Register and may be reloaded with a new character.

Setting this bit also resets the THRE output (Term. 22) low and causes an Interrupt
(INT = low), if TR is high.

CONDITION

TIME
DA Read of data TPB leading edge
(Receipt of data)
THREA Read of status or

(Ability to reload)

TPB leading edge
write of character

THRESTSRE
(Transmitter done)

Read of status or

TPB leading edge
write of character

PSI

(Negative edge)

Read of status TPB trailing edge

CTS

(Positive edge when THRETSRE)

Read of status TPB leading edge

* Interrupts will occur only after the IE bit in the Control Register has been set
ATHRE will cause an interrupt only after the TR bit in the Control Register has been set.

TABLE 5. INTERRUPT CONDITIONS

SIGNAL DESCRIPTION (1802 Compatible — Mode 1)

Terminal

No. Signal

1 VDD

2 Mode Select (Mode)

3 Vss

4 Chip Select 2 (CS 2)

5-12 Receiver Bus
(RBUSO—RBUS7)

13 nterrupt (INT)

Function
Positive supply
A high-level voltage at this input selects the 1802 Mode of operation.
Ground
Alow-level voltage at this input together with CS 1 and CS 3 selects the 1854A UART.

Receiver parallel data outputs (may be externally connected to corresponding trans-
mitter bus terminals).

A low-level voltage at this output indicates the presence of one or more of the interrupt
conditions listed in Table 5.
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14

15

16

17

18
19

20

21

22

23

24

25

26-33

34

35

36
37

38
39

40

Framing Error (FE)

Parity Error or
QOverrun Error (PE/OE)

Register Select (RSEL)

Receiver Clock
(R Clock)

TPB
Data Available (DA)

Serial Data In
(SDI)

Clear (Clear)

Transmitter Holding
Register Empty (THRE)

Chip Select 1
(CS 1)

Request To Send

(RTS)

Serial Data
Outupt (SDO)

Transmitter Bus
(TBUSO—TBUS7)

Read/Write (RD/WR)

Chip Select 3
(CS3)

No Connection

Peripheral Status
Interrupt (PSI)

External Status (ES)

Clear To Send
(CTS)

Transmitter Clock
(T Clock)

H 1854A/1854AC

Ahigh-level voltage at this outputindicates that the received character has no valid stop
bit, i.e., the bit following the parity bit (if programmed) is not a high-level voltage. This
output is updated each time a character is transferred to the Receiver Holding Register.

A high-level voltage at this output indicates that either the PE or OE bit in the Status
Register has been set (see Status Register Bit Assignment).

This input is used to choose either the Control/Status Registers (high input) or the
transmitter/receiver data registers (low intput) according to the truth table 1.

Clock input with a frequency 16 times the desired receiver shift rate.

A positive input pulse used as a data load or reset strobe.

A low-level voltage at this output indicates that an entire character has been received
and transferred to the Receiver Holding Register.

Serial data received on this input line enters the Receiver Shift Register at a point
determined by the character length. A high-level input voltage must be present when
data is not being received.

A low-level voltage at this input resets the interrupt flip-flop, Receiver Holding Register,
Control Register, and Status Register, and sets Serial Data Out (SDO) high.

A low-level voltage at this output indicates that the Transmitter Holding Register has
transferred its contents to the Transmitter Shift Register and may be reloaded with a new
character.

A high-level voltage at this input together with CS 2 and CS 3 selects the UART.

This outputsignal tells the peripheral to get ready to receive data. Clear To Send (CTS) is
the response from the peripheral. RTS is set to a low-level voltage when data is latched
in the Transmitter Holding Register or TR is set high, and is reset high when both the
Transmitter Holding Register and Transmitter Shift Register are empty and TR is low.

The contents of the Transmitter Shift Register (start bit, data bits, parity bit, and stop bit(s))
are serially shifted out on this output. When no character is being transmitted, a high
level is maintained. Start of transmission is defined as the transition of the startbitfrom a
high-level to a low-level output voltage.

Transmitter parallel data inputs. These may be externally connected to corresponding
Receiver bus terminals.

A low-level voltage at this input gates data from the transmitter bus to the Transmitter
Holding Register or the Control Register as chosen by register select. A high-level
voltage gates data from the Receiver Holding Register or the Status Register, as chosen
by register select, to the receiver bus.

A high-level voltage at this input with CS 1 and CS 2 selects the UART.

A high-to-low transition on this input line sets a bitin the Status Register and causes an
Interrupt (INT = low).

A low-level voltage at this input sets a bit in the Status Register.

When this input from peripheral is high, transfer of a character to the Transmitter Shift
Register and shifting of serial data out is inhibited.

Clock input with a frequency 16 times the desired transmitter shift rate.
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" HUGHES ' SOLID STATE PRODUCTS | H 1855

H 1855C

VL GHE S AIRCRAFT COMPANY

’

1800 CMOS Microprocessor Family
Multiply/Divide Unit

DESCRIPTION

Hughes’ 1855 is an 8 bit mode programmable multiply/divide unit which can be used to greatly
increase the capabilities of 8 bit microprocessors. The 1855 interfaces directly to the 1802
microprocessor via the N-lines and can easily be configured to fit in either the memory or I/0
space of generalized 8 bit microprocessors. The 1855 performs multiply and divide operations
on unsigned, binary operators. It saves considerable memory space and execution time over the
same functions as performed by coded multiply and divide software subroutines.

Add and shift right operations and subtract and shift left operations are used for multiply and
divide functions respectively. The 1855 is cascadable up to 4 units for 32 x 32 bit multiply or
64 -+ 32 bit divide functions.

The 1855 operates over a 4-10.5 voltage range while the 1855C operates over a 4-6.5 voltage
range. The 1855 is available in a 28 lead hermetic dual-in-line ceramic package (D suffix),
plastic package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form
are available upon request.

FEATURES
® Static silicon gate CMOS circuitry ® (Cascadable up to 4 units for 32 bit by 32
e Interfaces directly to 1802A bit multiply or 64 = 32 bit divide
microprocessor without additional ® 8 bit by 8 bit multiply of 16 -~ 8 bit divide
components. in 5 pus at 5V or 2.5 us at 10V typical
® Easy interface to general 8 bit ® Significantly increased throughput of up
microprocessors. used for arithmetic calculations.
® Low power dissipation
Single non-critical voltage supply
SYSTEM INTERCONNECT PIN CONFIGURATION
Typical 1800 System with 1855
CLEAR WA Voo ce—{7 o8 | Voo
0 o CLEAR[]?2 273 CNe
W CLR el cTLCl3 26 [ CN1
MA MA CLK C.O./DF.C4 251 Ci
kApbrBUs |_ — — ~ " "K AoorBus VDD YL 5 24 1 YR
[ =rewrp zc]s 23 zR
TPA -T== TPA TPS. ICN @) W: 7 22 BUS 7
CPU MDU 21
ROM RAM 1802A ;; /1355 CN1 gtgg g 20 :::]J gggg
. _ _ CTL RD/WE ] 10 191 BUS 4
MRD o MRD EFI CO. RA2C 11 18 2 BUS 3
0o — YR RA1C] 12 17 3 BUS 2
N % RA®C] 13 16 2 BUS 1
vgg T 14 15 /) BUS o

8 BIT BIDIRECTIONAL DATA BUS
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ABSOLUTE MAXIMUM RATINGS

DC Supply-Voltage Range, (VCcc, VDD)
(All Voltage Values referenced to Vsg Terminal)

Vce <VpD:

1855 ..o
1855C ..o

Input Voltage Range, all inputs
DC Input Current, any one input
Operating-Temperature Range (Ta)

Plastic Package ...................
Ceramic Package .................
Storage Temperature Range (Tstg) - ...

—0.5to + 13 Volts
—0.5to + 7 Volts
—0.5to Vpp + 0.5 Volts

+10mA

—40 to + 85°C
—551to + 125°C
—65to + 150°C

NOTE: Stresses above those listed under
“Absolute Maximum Ratings” may cause
permanent damage to the device. This is a
stress rating only and functional operation of
the device at these or any other conditions
above those indicated in the operational
sections of this specification is not implied.
Exposure to absolute maximum rating condi-
tions for extended periods may affect device
reliability.

OPERATING CONDITIONS at Ta = Full Package Range

DC Operating Voltage Range 10.5
Input Voltage Range VDD Vss VDD v
STATIC ELECTRICAL CHARACTERISTICS — 40 to + 85°.
Quiescent Device - 0,5 5 - 0.01 50 - 0.02 200 "y
Current, Ipp - 0,10 10 - 1 200 - - -
Output Low (Sink) 0.4 0,5 5 1.6 3.2 - 1.6 3.2 -
Current, IgL 0.5 0,10 10 26 52 - - - - mA
Output High (Source) 46 0,5 5 1.15 2.3 - 1.15 23 -
Current, IoH 9.5 0,10 10 2.6 5.2 - - - -
Output Voltage - 0,5 5 - 0 0.1 - 0 0.1
Low-Level, Vo 2 - 0,10 10 - 0 0.1 - - -
Output Voltage - 0,5 5 4.9 - 49 5 -
High-level, Von?2 - 0,10 10 99 10 - - — — v
Input Low 05,45 - 5 - - 15 - - 15
Voltage, V| 0.5,9.5 - 10 - - 3 - - -
Input High 05,45 - 5 - 35 - 3.5 - -
Voltage, ViH 05,95 - 10 - 7 - - - -
Input Current, - 0,5 5 — +1074 +1 - +1074 +1
IN - 0,10 10 - +1074 +1 - — - JA
3-State Output Leakage| 0,5 0,5 5 - - +15 - - +15
Current, louT 0,10 | 0,10 10 - - +15 - - -
Operating Current, - 0,5 5 - 2 5 - 2 5 mA
Ipp3 - 0,10 10 - 4 10 - - -
Input Capacitance, _ _ _ _ 7 _
CIN 5 .5 5 7.5 oF
Output Capacitance, _ _ _ _ — —
CouT 10 15 15

Notes: 1. Typical values are to Tp = + 25°C and nominal voltage.

2.1oL =1 pA.

3. Operating current measured in a 1802A at 2 MHz with outputs floating.
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H 1855/1855C

DYNAMIC ELECTRICAL CHARACTERISTICS at TA =—40to +85°C,Vpp + 5% t, t{=20ns, V|4 = 0.7 VDD,
VL = 0.3 VDD, CL = 100 pF (See Timing Diagram)

LIMITS
CHARACTERISTICS! SYMBOL Vop 1855 | 1855C UNITS
) Min, Typ.2 Max. [ Min. Typ.2 Max.
WRITE CYCLE
Minimum Clear Pulse Width IR S - 50 75 - 50 75
10 - 25 40 - - =
Minimum Write Pulse Width tww 5 - 150 225 - 150 225
10 - 75 115 - - —
i 5 - —75 0 - —75 0
Minimum Data-In Setup 1
DSU ™ — 0 5 - - 2 "
Minimum Data-In Hold tou S — 50 75 - 50 75
10 - 25 40 - - —
Minimum Address to Write Setup tasu > — 50 75 - 50 75
10 - 25 40 - - -
Minimum Address after Write Hold taH i — 50 75 - 50 75
10 - 25 40 = — =
READ CYCLE
CE to Data Out Active tcpo S - 200 300 — 200 300
10 - 100 150 - - —
CE to Data Access tca S — 300 450 - 300 450
10 - 150 225 - - -
Address to Data Access tan 5 - 300 450 - 300 450
10 - 150 225 - - -
Data Out Hold After CE tooH s 50 150 225 50 150 225
10 25 75 115 - = —
Data Out Hold After Read to0H 5 50 150 225 50 150 225 ns
10 25 75 115 - - —
Read to Data Out Active tRDO S - 200 300 - 200 300
10 - 100 150 - - —
Read to Data Access tRaA 5 - 200 300 - 200 300
10 - 100 150 = - —
Strobe to Data Access tsa 5 50 200 300 50 200 300
10 25 100 150 - - -
Minimum Strobe Width tsw S - 150 225 - 150 225
10 - 75 115 - - —
OPERATION TIMING
Maximum Clock Frequency® tcF g 3 4 - 3 4 -
10 6 8 - - - - MHz
Maximum Shift Frequency 5 15 2 - 15 2 -
“ Device)“ sF 10 3 2 — — — =
Minimum Clock Width tcLko 5 - 100 150 - 100 150 "
tcLK1 10 - 50 75 - = -
Minimum Clock Period toLk S — 250 333 - 250 333
10 - 125 167 - - —
Clock to Shift Prop. Delay tcsH S - 200 300 - 200 300
10 - 100 150 - - —
Minimum C... to Shift Setup tsu 5 — 50 67 - 50 67
10 - 25 33 = - -
C.0. from Shift Prog. Delay PLH s - 450 600 - 450 600
tPHL 10 - 225 300 - - -
Minimum C.. from Shift Hold ty 5 - 50 75 - 50 75
10 - 25 40 - - —
ns
Minimum Register Input Setup tsy S 20 10 20 10
10 - —10 10 - - -
Register after Shift Prop. Delay tpLH s - 400 600 - 400 600
tPHL 10 - 200 300 - - -
Minimum Register after Shift Hold ty 5 - 50 100 - 50 100
10 - 25 50 - - =
C.0. from C.I. Prop. Delay tPLH S - 100 150 - 100 150
tPHL 10 - 50 75 — — —
Register from C.I. Prop. Delay IpLH 5 - 80 120 - 80 120
PHL 10 — 40 60 — = =

Notes:

1. Maximum limits of minimum characteristics are the values above which all devices function.
2. Typical values are for T = + 25°C and nominal voltages.
3. Clock frequency and pulse width are given for systems using the internal clock option of the 1855. Clock frequency equals shift frequency for systems not using the internal clock option.
4. Shift period for cascading of devices is increased by an amount equal to the C.O. to C.I. Prop. Delay for each device added.

189



FUNCTIONAL DIAGRAM

]

1]

CE RA2 RA1 RA®
P9 S
REGISTER
SELECT
LOGIC
SELECT CONTROL b=t SELECT STATUS
SELECT Z ]
SELECT Y
SELECT X
#{ X SEQUENCE
> gggg‘TTEHOUT X REGISTER
- LOAD
pJ
CLOCK
@ PISHIFT ADD/
CN1 GENERATOR| |8 SUBTRACT/* i
@ > CHIP = A 4
CNo ) @, STATUS —
NUM- 8 _|rea
@ BER 7 3
» Y SEQUENCE
»| COUNTER Y REGISTER
»| RESET ouT SHIFT
T LOAD RESET
*—
\ 4 T g
»| Z SEQUENCE Z REGISTER
»| COUNTER SHIFT
L{»{ RESET OUT LOAD RESET
'—ﬂ A f 4
|/ — 2
- L
CONTROL
—C REGISTER @
. (" * LoaD
) 7
L/
i
BUS BUS BUS BUS BUS BUS BUS BUS

STB

® @

CLEAR SHIFT R

4 3

5 .——-*'

Vss
VDD—@
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TIMING DIAGRAMS H 1855/1855C

Write Timing And Operation Timing

l‘- ICLR
CLEAR

CE J//
RD/WE \“
STB J/ N\

tww* —
oI X
tosu—=| = “WRITE IS QVERLAP OF
— =—1®H  CE=1, RD/WE =0, AND STB = 1
RAO -2
'AS : tAH
tCLOCK
oL | R Y N Y
tcLK — ICLko | N
SHIFT (PRESCALER OFF) l 1 I ! 2 I ] 9|
tCSH fe—
tPLH, tPHL — .
CO, Y|, YR, 2L, Zg OUT X ﬁ X x
tsu ~— — *H
CIN. YL YR ZL ZR IN X X X

Read Timing

— N
CE I I
S | | [
RD/WE : |
| ADVANCE I
i SEQUENCE I I
| COUNTER : | :
I sw |
STB i i , I [ [
| | | | ]
] | |
RAO -2 X i | lX b ! l=—+}tooH
| ISA—=  pm-p—s—i—tpp |==tDOH ! I :
| | V 1| [ ID'G:
Pout ! | L : e
I ]

tcDo — }——

I oo pe—1
tca l‘—”_'RA
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CONTROL TRUTH TABLE

LOAD CONTROL REGISTER
NO ACTION (BUS FLOATS)

] bt o 2
0 X X X X X NO ACTION (BUS FLOATS)
X 0 X X X X NO ACTION (BUS FLOATS)
1 1 0 0 1 X X TO BUS INCREMENT SEQUENCE
1 1 0 1 1 X ZTO BUS COUNTER WHEN
1 1 1 0 1 X Y TO BUS STBANDRD =1
1 1 1 1 1 X STATUS TO BUS
1 1 0 0 0 1 LOAD X FROM BUS INCREMENT
1 1 0 1 0’ 1 LOAD Z FROM BUS SEQUENCE
1 1 1 0 0 1 LOAD Y FROM BUS COUNTER
1 1 1 1 0 1
1 1 X X 0 0

*(' ) =1800 system signals. 1 = High Level, 0 = Low Level, X = High Level or Low Level

REGISTER BIT ASSIGNMENT CONTROL/REGISTER BIT ASSIGNMENT

0 = Clock 1 = Reset 00 = Four 1855’s 1=ResetY 1=ResetZ 00 = No Operation
frequency sequence register register (except reset controls)
counters 01 =Three 1855’s
1 = Select 01 = Multiply
option* 10=Two 1855’s
10 = Divide
11 =0One 1855
11 = Invalid State
*Select shift rate option:
One 1855 = shift rate = clock frequency + 2
Two 1855's = shift rate = clock frequency + 4
Three or four 1855's = shift rate = clock frequency + 8
STATUS REGISTER BIT ASSIGNMENT
BIT 7 6 5 4 3 2 1 0
Output 0 0 0 0 0 0 0 O.F.

O.F. =1 if overflow (only valid after a divide has been done).
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H 1855/1855C

FUNCTIONAL DESCRIPTION

The 1855 performs an 8N-bit by 8N-bit multiply with a 16N-bit results and 16N bit by 8N-bit divide yielding an
8N-bit result plus an 8 bit remainder. The N represents the number of cascaded 1855s from 1 through 4. All
operations require 8N + 1 shift pulses.

The 1855 contains X, Y and Z registers for loading the operands and saving the results, the control register for
initializing the multiply or divide operation, and a status register for storing-an overflow flag. There are two
register address lines (RA 0-RA 1) provided to select the appropriate register for loading or reading. The RD/WE
and STBlines are used in conjunction with the RA lines to determine the exact MDU response (see Control Truth
Table).

When multiple MDUs are cascaded, the loading of each register is done sequentially. The first selection of any
register loads the most significant 1855, the second loads the next significant and so on. Registers are also read
out sequentially. This is accomplished by internal counters on each 1855 which are decremented by STB during
each register selection. When the counter matches the chip number (CN 1, CN 0 lines), the device is selected.
These counters mustbe cleared with a clear pulse on pin 2 or with bit 6 in the control word (See Control Register
Bit Assignment Table) in order to start each sequence of accesses with the most significant device.

The 1855 has a built-in clock prescaler which can be selected via bit 7 on the control register. The prescaler may
be necessary in cascaded systems operating at high frequencies or in systems where a suitable exact frequency
is not available. This need is to provide for propagation delay of the carry output signal. Without the prescaler
select, the shiftfrequency is equal to the clock input frequency. With the prescaler selected, the rate depends on
the number of MDUs as defined by bits 4 and 5 of the control word. For one MDU, the clock frequency is divided
by two; the two MDUs the clock frequency is divided by four and for three or four MDUs the clock frequency is
divided by eight.

OPERATION
A. Initialization and Controls:

The 1855 must be cleared by a low signal input on pin 2 during power on. This prevents bus contention
problems at YL, YR and ZL, and ZR terminals. It also resets the sequence counters and shift pulse generator.

Prior to loading any other registers, the control register must be loaded to specify the number of 1855s being
cascaded. Once the number of devices has been specified and sequence counters cleared with a clear pulse
or bit 6 of the control word, the X, Y and Z registers can be loaded as defined in the control truth table.
Registers can be loaded in any sequence. Successive loads to a given register will always proceed
sequentially from the most significant byte to the least significant byte as described previously. Resetting the
sequence counters selects the most significant MDU. In a four MDU system, loading all MDUs results in the
sequence counter pointing to the first MDU again while in all other configurations it must be reset prior to
each series or register reads or writes.
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OPERATION, cont.

B. Multiply Operation:

X) x (2) + (Y) >(Y) (Z2); (X)unchanged

The two numbers to be multiplied are loaded in the X and Z registers. The result will be inthe Y and Z register
with Y being the more significant half and Z the less significant half. The X register will be unchanged after the
operation is completed.

The original contents of Y register are added to the product of X and Z. Bit 3 of the control word will reset
register Y to zero if desired.

. Divide Operation:

M@ s (2) = quotient, (Y) = remainder; C.0./0O.F. in status byte.

X)
The divisor is loaded into the X register. The dividend is loaded in the Y and Z registers with the more
significant halfin the Y register and less significant halfin the Z register. The X register will be unaltered by the
operation. The quotient will be in the Z register while the remainder will be inthe Y register. An overflow will be
indicated by the C.O./0.F. of the most significant MDU and can also be determined by reading the status
byte.

The overflow indicator will be set at the start of the divide operation if the resultant will exceed the size of the Z
register (8N-bits).

The Z register can be reset using bit 2 of the control word and another divide can be performed in order to
further divide the remainder.

Programming Examples:

Connection to an 1802A Microprocessor in direct /0O mode (N lines connected to R inputs).

FoE11g X 2D3C1g Multiply Divide B4A596851¢
4F3®16
LDl #o o LDI #o®
PLO R2 Ro=1009 PLO R2 Ry =2¢%9
LDl #1o LDl #2 o
PHI R2 PHI R2
OUT 7, #60 Load control word with 2 MDUs and OUT 7, #60 load control word
reset/sequence counters. OUT 6, #B4 _ . _
ouT 4, #F | Load MSB of X reg. OUT 6, #A5 f = Yregister () = BYAS
OUT 4, #E1 Load LSB of X reg. (X) = FoE1 OUT 5, #96 _ ) _
OUT 5, #2D | Load MSB of Z reg. OUT 5, #85 }  =Zregister(2)= 9685
OUT 5, #3C Load LSB of Z reg. (Z) = 2D3C OUT 4, #4F } = X register (X) = 4F30
QUT 7, #69 Load control word with 2 MDUs, reset y OUT 4, #30
reg and seq counters and do multiply OUT 7, #6A Load control word for divide function
operation SEX R2
SEX R2 INP 5; IRX Quotient for z register to mem.
INP 6; IRX MSB of results from Y reg. to INP 5; IRX 2009, 2063
INP 6; IRX Location 1®¢® and 1o ®1 INP 6: IRX Remainder from y register to mem.
INP 5; IRX LSB of result from Z reg. to INP 6: IRX 2002, 2003
INP 5; IRX Location 1¢®2 and 193
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APPLICATION H 1855/1855C

(A) Cascading 3 MDUs in 1802A system with MDU being accessed as an 1/0 port.

EF
DATA BUS BUS
2 MRD | TO
ET.EAR 1802A
N2 CPU
% N1
’ ’ NO
8 5 3
Bus R S T BusR 8 C BUSR S TC
Vop D T L Vop D T L VoD D T L
/ B R T_¢ / B R / B R
W w
on ¥ CN1 E — CN1 E
CN® RA® CNo RA® t— CNo RAO|
CLOCK #{ CLK RA1 — CLK RA1 — 2 Ck RA1 H—
<4—|SHIFT RA2 T SHIFT RA2 T+ SHIFT RA2
—1YL YR Yo YR YL YR
m Zr ZL ZR ZL ZrM
OF ci co e} co ci + Vpp
CE CTL CE CTL CE CTL
) 4 1
» Vpp or 1/0 SELECT
MOST SIGNIFICANT LEAST SIGNIFICANT
(B) Interfacing the 1855 to 8085 microprocessor as an 1/0 device.
Y
L 14] 23] 27| zel 25 ce
ss VDDCN®CN1 CI | 5,
YR
7 g8
cTL 53
1855 Yo
MDU Zr 223
BUS 7 ? N
BUS6 =5 DATA BUS
BUS 5 —1—9-
2 BUS4 |12
CLEAR 18 DATA
8 BUS3 }— BUS
#{CLK BUS 2 |17
13, RD/WE Bus1 &
sTB BUS @ >
iRA2 RA1RA® CE
3 t K
1
nf 1213 A8 8085 SIGNAL
A9
10/M
WR
1/4 CD4011 RD
CLK(OUT)
Gj—— RESET OUT
1/4 CD4011 )
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SIGNAL DESCRIPTION

CE — CHIP ENABLE (Input): ‘
A high on this pin enables the 1855 MDU to respond to the selectlines. All cascaded MDUs must be enabled
together. CE also controls the three state C.0./O.F. output of the most significant MDU.

Clear (Input):
The 1855 MDU(s) must be cleared upon power on with a low on this pin. The clear signal resets the
sequence counters, the shift pulse generator, and bits 0 and 1 of the control register.

CTL-Control (Input):
Thisisan inputpin. All CTL pins must be wired together and to the Y|_of the most significant 1855 MDU and
the ZR of the least significant 1855 MDU. This signal is used to indicate whether the registers are to be
operated on or only shifted.

C.0./0.F. — Carry Out/Over Flow (Output):
The three state 1855 Carry Out signal is connected to Cl (Carry-In) of the next more significant 1855 MDU,
except on the most significant MDU. On that MDU it is an overflow indicator and is enabled when a chip
enableistrue. Alow on this pin indicates thatan overflow has occurred. The overflow signal is latched each
time the control register is loaded, but is only meaningful after a divide command.

YL, YR — Y-Left, Y-Right:
These are three state bi-directional pins for data transfer between the Y registers of cascaded 1855 MDUs.
The YR pininanoutputand Y| is aninputduring a multiply and the reverse is true atall other times. The YL
pinmustbe connected to the YR pin of the next more significant MDU. An exception is the Y|_pin of the most

significant MDU must be connected to the ZR pin of the least significant MDU and the CTL pins ofall MDU’s.

Also the YR pin of the least significant MDU is tied to the Z|_ pin of the most significant MDU.

Z1, ZR — Z-Left, Z-Right:
These are three state bi-directional pins for data transfers between the Z registers of cascaded MDUs. The
ZR pinis an output and Z|_is an input during a multiply and the reverse is true at all other times. the Z|_pin

must be tied to the YR pin of the next most significant MDU. An exception is the Z|_ pin of the most significant

MDU must be connected to the YR pin of the lest significant MDU. Also, the ZR pin of the least significant
MDU is tied to the Y| of the most significant MDU.

Shift — Shift Clock:
This is a three state bi-directional pin. It is an output on the most significant MDU and an input on all other
MDUs. It provides the MDU system’s timing pulses. All Shift pins must be connected together for cascaded
operation. Amaximum of the 8N + 1 shifts are required for an operation where N equals the number of MDU
devices cascaded.

Clk — Clock (Input):
This pin should be grounded on all but the most significant MDU. There is an optional reduction of clock
frequency available on this pin, if so desired, controlled by bit 7 of the control byte.

Stb — Strobe (Input):
When RD/WE, low data, is latched from bus lines on the falling edge of this signal, it may be asynchronous
to the clock. Strobe also increments the selected register’s sequence counter during reads and writes. TPB
would be used in 1802A systems.

RD/WE — Read/Write Enable (Input):
This signal defines whether the selected register is to be read from or written to. In the 1802A systems use
MRD if MDUs are addressed as 1/0 devices; MWR is used if MDUs are addressed as memory devices.
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SIGNAL DESCRIPTION, cont. H 1855/1855C

RA®, RA 1, RA 2 — Register Address (Input):
These input signals define which register is to be read from or written to. It can be seen in the Control Truth
Table that RA 2 can be used as a chip enable. Itis identical to the CE pin, except only CE controls the tristate
C.0./0.F. on the most significant MDU. In the 1802A systems use N lines if MDUs are used as I/0 devices;
use address lines or function of address lines if MDUs are used as memory devices.

Vss — Ground:
Power supply line.

BUS 0 — BUS 7 — Bus Lines:
Three state bidirectional bus for direct interface with 1802A series and other 8-bit microprocessors.

ZR — Z-Right:
See signal Z|_

YR — Y-Right:
See signal YL

CI-Carry-In (Input):
Thisisan inputfor the carry from the next less significant MDU. On the least significant MDU, it must be high
(VDD) on all others and connected to the CO pin of the next less significant MDU.

CN@, CN 1 — Chip Number (Input):
These two input pins are wired high or low to indicate the MDU position in the cascaded chain. Both
are high for the most significant MDU regardless of how many 1855 MDUs are used. Then CN 1 =high and
CN 0 = low for the next MDU and so forth.

VDD — V+:
Power supply line.






H 1856/1857
H 1856C/1857C

ot ATl WAL T C OMBPARN.

1800 CMOS Microprocessor Family
4-Bit Bus Buffers/Separators

DESCRIPTION

Hughes’ 1856 and 1857 are 4-bit bus buffer/separators to allow data to be split from a single
bi-directional bus into separate input and outputbusses. The 1857 is intended for peripheral or1/0
bus control while the 1856 is intended for memory bus control. The difference between the two
devices isin the polarity of the input buffer for the Memory Read (MRD) signal. This signal is inverted
inthe 1857, and enables the MRD signal to set the input mode in the 1856 or to setthe output modein
the 1857.When MRD =Vpp the output mode is setin the 1856 and the input mode is setin the 1857.

The 1856 and 1857 operate over a 4-10.5 voltage range while the 1856C and 1857C operate over a
4-6.5 voltage range. The 1856 and 1857 are available in a 16 lead hermetic dual-in-line ceramic
package (D suffix), plastic package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix).
Devices in chip form (H suffix) are available upon request.

FEATURES
® Static Silicon Gate CMOS Circuitry ® Provides Non-inverted Bi-directional
® Compatible with 1802A Microprocessor Buffered Data Transfer

® Provides easy connection of Memory or ® Chip Select for Simple System Expansion
1/0 Devices to 1802A Microprocessor Bus ® Low Quiescent and Operating Power

FUNCTIONAL DIAGRAM PIN CONFIGURATION
bio 1 {: [:[ pioc{1e ~ 163 Vpp
DRI=F 151 CS
3 14 DO 03 141 DB O
poo 4/\L}>—°<‘r DB O DO 14 131 DB 1
2 ' DO 2 5 123 DB 2
DI 1 {>w p DO 36 1132 DB3
. ) 13 DI 27 10 = MRD
DO 1 j\/}:)—o<} DB 1 Vgg 38 91 DI3
DI 2 T > 44[;4
DO 2 5 j\}—oq 2_pB2
DI 3 9 {>c q[;.
DO 3 6 j\/}b—o<} 1 pg3
o |
MRDW
| | 15
<} cs
FOR 1856
16=Vpp
T3
[ [
L _J
FOR 1857
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ABSOLUTE MAXIMUM RATINGS NOTE: Stresses above those listed under
Operating Temperature Range (TA) “Absolute Maximum Ratings” may cause
Ceramic package ____ —55to + 125°C permanent damage to the device. This is a
Tttt ° stress rating only and functional operation of

DC gd;?ll;—sgﬁ:ggelqange(VDD) ceeseeee.... —4010 + 85°C the device at these or any other conditions

above those indicated in the operational
(All voltage values referenced to Vss terminal) sections of this specification is not implied.

1856/1857 ..o e —0.5to + 11 Volts Exposure to absolute maximum rating condi- s
1856C/1857C .............. e .... —0.5t0 +7 Volts tions for extended periods may affect device |
Storage Temperature Range (Tstg) ...... .... —65to+150°C reliability.
OPERATING CONDITIONS at Ta = Full Package Temperature Range
e | con - !

BT

T s cach Sl feh
T Er s R e e b S A X P iR e Z Lo Re ey v
Supply Voltage Range — 6.5 \
| Recommended Input Voltage Range — Vss Vbp Vss Vpp \

Slahc Electm:al Characteristics at Tp = —40°C to +85°C Unless Otherwise Specified
Quiescent Device — — 5 — 1 10 — 5 50
Current, I - — 10 — 10 100 - — - WA
Output Low Drive 0.4 0,5 5 1.6 32 —_ 1.6 32 — mA
(Sink) Current, g 0.5 0, 10 10 26 52 - — - —
QOutput High Drive 4.6 0,5 5 —1.15 —23 — —1.15 —23 — mA
(Source) Current Igy 9.5 0,10 10 —26 —52 — - — -
Output Voltage — 0,5 5 — 0 0.1 — 0 0.1
Low Level Vg1 — 0,10 10 — 0 0.1 — — — v
Output Voltage — 0,5 5 495 5 — 495 5 —
High Level, Vo - 0, 10 10 9.95 10 — — — —
Input Low Voltage 05,45 — 5 — — 1.5 — —_ 1.5
ViL 05,95 — 10 — — 3 — — - v
Input High Voltage 05,95 — 5 35 — — 35 — —
ViH 05,95 — 10 7 — — — — —
Input Leakage Any 0,5 5 — — +1 — — + WA
Current, iy Input 0,10 10 — — +1 — — —_
Operating Current 0,5 0,5 5 — 50 100 - 50 100 WA
IpD12 0,10 0,10 10 —_ 150 300 — — —
Input Capacitance, Cyy — — — — 5 75 — 5 75 pF
Output Capacitance,CoyTt — — — — 10 15 — 10 15 pF
Dy ic Electrical Ch istics at T = —40to + 85°C, t,, t = 20 ns C|_ = 100pF Vpp +5%, V| = 0.7 Vpp, V| = 0.3 Vpp
Propogation Delay Time: — — 5 — 150 225 — 150 225 ns
"MRD or CS to DO, tgp — — 10 - 75 125 - — -
"MRD or CS to DB, — — 5 — 150 225 — 150 225 ns
teB — — 10 — 75 125 — — —
DI to DB, — — 5 — 100 150 — 100 — ns
4B — — 10 - 50 75 — - —
DB to DO, — — 5 — 100 150 — 100 150 ns |
toB — — 10 —_ 50 75 —_ — —
*Typical values are for Tp = +25°C and nominal voltage. NOTE 1: g = loH = 1 HA.

NOTE 2: Operating current measured in a 1802A at 2MHz with outputs floating.
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TIMING DIAGRAMS

TRANSFER TO BUS

H 1856/1857

TRANSFER FROM BUS

cs k cs
MRD* f_——-
MRD *
o X X e __ X_ X
HIGH > tes [ — &"‘EB HIGH HIGH | ED[™ ."‘BO HIGH
pB MPEDANGE IMPEDANCE po MPEDANCE IMPEDANCE
a) Enable to DB Time a) Enable to DO Time
cSs ———/ \ cS /_——\_.___

‘MRD*
_—\___/— MRD*_/

==

DB

—

VALID DATAW 0O VALID DATA

APPLICATION

b) DI to DB Time b) DB to DO Time

NOTE: ALL TIMES MEASURED FROM 50% POINT TO 50% POINT OF SIGNAL
*POLARITIES ARE REVERSED FOR 1857

[~7] INVALID OR DON'T CARE CONDITION
/A ON'T CA

7 6 5 4 8 BIT BI-DIRECTIONAL BUS 3 2 1 0
A A Y [y 4 Ar 4
} y X A A4 y Y
DB3 DB2 DB1 DBO [nq DB3 DB2 DB1 DBO
DI 7—%| DI 3 DO.3 DI 3—%{DI 3 DO 3
DO 6
Die—»{ DI 2 ‘ |2 —pl
6 185671857 0O 2 DO 5 P b2 1856/1857 0O 2
DI 5 —»f DI 1 DO 1 DI 1 — DI 1 DO 1
DI4—p|DIO po 0RO 4 DI0_—p|DIO DO 0
MRD CS CS MRD
4
DI 0-DI 7 — INPUTS

ENABLE BUS-TO-BUS

DO 0-DO 7— OUTPUTS

DATA TRANSFER

DB 0-DB 7 — BI-DIRECTIONAL
BUS SIGNALS

DIRECTION CONTROL

The Figure shows how two 1856 or two 1857 can be used as bus buffers or separators between an 8 Bit
Bi-directional Data bus and memories or between an 8 Bit Bi-directional Data bus and I/0 devices. The chip
select input signal enables the bus separator three-state output drivers. The direction of data flow, when
enabled, is controlled by the state of the MRD input signal.
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1
SYSTEM INTERCONNECT 1802A MRD
NO, N1 or N2 MWA
VpD
‘/“:’\ c$s MWR
8 4 CS 1857 B 1856| , g | MWR
DO 0-DO 3 < DO 0-DO 3 MEMORY
vo [*) . DB 3-08 0K A < K2 b8 0-D8 3 . s |Svsrem
DI 0-DI 3 e  DI0-DI3
MRD 2 MRD
pd [ Y
Q
RE £ _3y_
4 oo 0%2031857 £ D%Ho I
i z ]
2 0B 0-DB 3(a ) 2K a )| DB 0-DB 3 4
DI 0-DI 3 @ DI 0-DI 3 e
cs = cs
R - $
L ©
V Vpb

SIGNAL DESCRIPTIONS

DB 0-DB 3: These four bi-directional signals can be used as data outputs or receiver inputs
depending on the logic polarity of the MRD input signal. Data is non-inverted.

DI10-DI 3: The four data inputs. They are enabled onto the corresponding'DB lines when Chip Select
(CS) and the Memory Read (MRD ) signals are activated.

DO 0-DO 3: The four receiver outputs reflect the data on the DB lines when the Chip Select and
Memory Read signals are activated.

CS: The Chip Select signal along with MRD controls the activation of the 1856 and 1857 as indicated
in the table below. CS is active when it is a logic high (VDD).

MRD : The Memory Read signal controls the direction of data flow when Chip Selectis enabled. In
the 1856, when MRD =0, itenables the three state bus drivers (DB 0-DB 3), and outputs data from the
driver inputs (DI 0-DlI 3) to the data bus. When MRD = 1, it disables the three-state bus drivers and
enables the three-state data output drivers (DO 0-DO 3), transferring data from the data bus to the
data outputs.

Inthe 1857, when MRD =1 itenables the three-state bus drivers (DB 0-DB 3) and transfers data from
the driver inputs (DI 0-DI 3) onto the data bus.When MRD =0, it disables the three-state bus drivers
(DB 0-DB 3) and enables the three-state data output drivers (DO 0-DB 3), transferring data bus to
the data outputs.

1856 FUNCTION TABLE 1857 FUNCTION TABLE
For Memory Data Bus Separator Operation For I/0 Bus Separator Operation
[ ___ | DATABUS OUT | DATA OUT
cs | MRD —__ | pataBUs OuT | DATA OUT
DBH?;B 3 DOH%E’:O 3 CS | MRD DB 0-DB 3 DO 0-DO 3
o X IMPEDANCE | IMPEDANCE ol «x HIGH HIGH
iGH IMPEDANCE | IMPEDANCE
1 0 DATAIN
IMPEDANCE , 0 HIGH DATA BUS
HIGH IMPEDANCE
1 1 IMPEDANCE | DATA BUS HIGH
! ! DATA N IMPEDANCE

Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of Hughes.
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" H1858/1859

HUGHES souo STATE PRODUCTS H 1858C/1859C

SOOHE S AIRCRAF T COMPANY

1800 CMOS Microprocessor Family
4-Bit Memory Latch/Decoder

DESCRIPTION

Hughes’ 1858 and 1859 are 4-bit memory address latch/decoders which control 4K bytes of
memory. The 1858 provides chip select outputs to control up to 32 H1822/(organized 256 x 4)
RAMs. The 1859 provides chip select outputs to control RAMs organized 1024 x 1. The Enable
input allows expansion of memory systems beyond 4K bytes of memory. The chip select outputs
are a function of the memory address bits connected to the MA 0-MA 3 lines.

The 1858 and 1859 operate over a 4-10.5 voltage range while the 1858C and 1859C operate
over a 4-6.5 voltage range. The 1858 and 1859 are available in a 16 lead hermetic dual-in-line
ceramic package (D suffix), plastic package (P suffix), cerdip (Y suffix), or leadless chip carrier (L
suffix). Devices in chip form (H suffix) are available upon request.

FEATURES
e Static Silicon Gate CMOS Circuitry e Allows direct control of 4K bytes of
* Interfaces Directly with 1802A memory

Microprocessor e 1858 is designed for 256 x 4 Memory
* Chip Enable pin allows easy expansion Configuration

above 4K Bytes of Memory e 1859 is designed for 1024 x 1 Memory
* Low Quiescent and Operating Power Configuration

PIN CONFIGURATION

S

cLock T 1e 16 2 vpp ctock C{1e ~ 16} VoD
1858 MAO E 2 15 1 ENABLE 1859 MAO ]2 15 1 ENABLE
MA1 []3 143 MA2 MA1[]3 14 MA2
cso 14 13— MA3 A8 []4 13 MA3
cs1 5 123 CEO A8 15 12 [ CFO
cs2 16 1M1 [ CET Ag[]6 M cet
cs3 17 10 [ Ce2 A9 7 10 CE2
vgs 18 9 [ cex Vss 8 9 [1CE3

FUNCTIONAL DIAGRAM
1858 1859

4 — 4 _
MA0 02 >0 DaQ _D—al>—ocso MAO 02 o 03 o
<l£ 5 —c o——<{>—50AB
W051 ]
I 6 3 — 6
O—DO—Aj:_J '_Dx—<{>—ocsz MA1 o {>c D Q - A9
= L ¢ Q——————({>—OA9
= s =
S ] 12
O_‘>c b a WC—EO MA2 o {>% D Q = GED
| |~ 3B —C Q
] s CEd 1 L ’“! oot
CLOCK(,DO_D‘H = cLocK o—{>o—{ >0 ]
m— 13 ~ 0
wa 3022 >0 o b . 19, e MA3 o=—{>o—1p B— 1 EZ
L. 5 L{c a
E 9,CE3 E— CE3
- .|
15
16 = VDD ENABLE o— 16 = Vpp
ENABLEO—-l)tﬁ 1|><>
8 = Vss 8 = Vss
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ABSOLUTE MAXIMUM RATINGS
Operating Temperature Range (TA)

NOTE: Operating the device above the
“Absolute Maximum Ratings” may

) _ o cause permanent damage to the
Ceramlc Package................ 55to + 12§ C device. This is a stress rating only and
PlaStIC Package ................. —40 tO + 85 C functional operation of the device at

DC Supply:Voltage Range (VDD)
(All voltage values referenced to Vgg terminal)

these or any other conditions above
those indicated in the operational sec-
tions of this specification is not im-

T

1858/1859 . .. ..ot —0.5to + 13V ; "
plied. Exposure to absolute maximum
1858C/1859C .................... —05to +7V rating conditions for extended periods
Storage Temperature Range (Tstg) . . ... —65to + 150°C may affect device reliability.

OPERATING CONDITIONS at TA = Full Package Temperature Range

DITIO! LIMITS
, Supply Voltage Range
Recommended Input Voltage Range — — — Vss — Vpp Vss - VpD v
Minimum Clock Pulse Width, ty? - - 5 - 50 75 - 50 75
- - 10 - 25 40 - - - ns
Minimum Data Setup Time, tpg'’ - - 5 - 25 40 - 25 40
- - 10 - 10 25 - - - ns
Minimum Data Hold Time, Tpy' = - 5 - 0 25 - 0 25
- - 10 — 0 10 - — - ns
Static Electrical Characteristics at T = —40°C to + 85°C Unless Otherwise Specified
Quiescent Device Current, I - 0,5 5 — 0.1 10 - 5 50
- 0, 10 10 — 1 100 - - — HA
Output Low Drive (Sink) Current, I 0.4 0,5 5 1.6 3.2 - 1.6 3.2 -
05 | 0,10 10 26 5.2 - - - - mA
Output High Drive (Source) Current, Ioq |__ 4.6 0,5 5 —-1.15 | —23 - —-115 | -23 —
95 | 0,10 10 —26 | —5.2 - - - - mA
Output Voltage Low Level, Vo 2 — 0,5 5 - 0 0.1 — 0 0.1
— 0, 10 10 = 0 0.1 = = — \Y
Output Voltage High Level,VoH — 0,5 5 4.9 5 — 4.9 5 —
— 0, 10 10 9.9 10 - = - -
Input Low Voltage, V| 05,45 - 5 - — 1.5 - - 1.5
0.5, 9.5 - 10 - - 3 - - - v
Input High Voltage, ViH 0.5,9.5 - 5 3.5 - - 3.5 - -
0.5, 9.5 - 10 7 - - - - -
Input Leakage Current, I|N Any 0,5 5 - 10~4 +1 - 10-4 +1
Input_[ 0, 10 10 - 10-% [ +2 - - - HA
Operating Current, Ipp3 - 0,5 5 = 50 100 - 50 100
— o100 [ 10 - 150 | 300 - - - HA
Input Capacitance, C|N - - - - 5 7.5 - 5 7.5 pF
Output Capacitance, CoyT - - - - 10 15 - - - -

*Typical values are for Tp = 25°C and nominal voltage
Note 1: Maximum limits of minimum characteristics are the values above which all devices function.

Note 2: oL = IOH = 1pA-
Note 3: Measured in an 1802 system at 2 MHz with open outputs.
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OPERATING CONDITIONS, cont. H 1858/1859

CONDITIONS LIMITS
= 1858 1858C UNITS
CHARACTERISTICS Vo Vin | Vop 1859 1859C
V) v) ™ | min. [ Typ* | Max. | Min. [ Typ.*|[ Max.

Dynamic Electrical Characteristics at Tp = —40 to + 85°C, t, t§ = 20 ns,C| = 100pF,Vpp * 5%, V|H = 0.7 Vpp, V|L = 0.3 Vpp
Propogation Delay Times:

Clock (Low-to-High) to Enable = 0 5 - 150 225 — 150 225 ns

Any Output, tco 10 - 75 125 - - —

Enable to Clock = 1 5 - 125 200 - 125 200 ns

Any Output, tgo 10 = 65 100 - = -

Memory Address to All Outputs, t|o Clock =1 5 - 150 225 - 150 225 ns
Enable = 0 10 - 75 125 - - -

Propogation Delay Times:

Clock (Low-to-high) to 5 - 125 200 - 125 200 ns

A8, A9, A8, or A9, tco 10 - 65 100 - - -

Clock (Low-to-High) to 5 - 175 275 - 175 275 ns

CEO, CE1, CE2, or CE3, tco Enable = 0 10 — 90 140 - - -

Enable to CEOQ, CE1, CE2, or 5 - 125 200 - 125 200 ns

CES, tgo 10 - 65 100 - - -

MAO, MA1 to A8, A9, A8, or 5 - 100 150 - 100 150 ns

A9, ti0 10 - 50 75 - - -

MA2, MA3 to CEO, CE1, CE2, or Clock =1 5 -~ 150 225 — 150 225 ns

CE3, ti0 Enable = 0 10 - 75 125 - - -

*Typical values are for Tp = 25°C and nominal voltage

TIMING DIAGRAMS

DS ——of
INPUTS )F

W ——ste—1tDH
[*— INPUTS LATCHED

CLOCK N
tco fe—— tCO —=
ENABLE Al 7,
teo EQfe—
OUTPUTS 4/ VALD W77 INVALID OR DON'T CARE CONDITION
le—— tio
APPLICATIONS
1822 MA 0.7
RO MWR ;|:F
1802 |gys 07 1-|MRD
BUSK— rH={CS 1 N
[TPAMAO7] 8 Cs2
4||BUS
0-3
I
MAOT S
|MWR
L
CS 1
CS 2
1822
TE3
4K x 8 memory system using 1858 and 1822s 4K x 8 memory system design using 1859 and

1K x 1 RAMs
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SIGNAL DESCRIPTION

MA 0— MA 3: 4 Bit Address inputs. MA 0 is the least significant input address bit and MA 3
is the most significant input address bit.

CLOCK: The MA 0 —MA 3 address bits are latched at the high to low transition of Clock in-
put (TPA) in the 1858 and the 1859.

The 1858 and the 1859 can also be used in general purpose memory system application
with a non-multiplexed address bus by connecting the Clock input to Vpp.

ENABLE: In the 1858, when Enable = Vpp, the CS outputs = Vgs and the CE outputs =
VDD.- When Enable = Vss, the outputs are enabled and correspond to the binary decode of
the inputs. The Enable input can be used for memory system expansion.

In the 1859, when Enable = Vpp, the CE outputs = Vpp; when Enable = Vss, CE outputs
are enabled and correspond to the binary decode of the MA 3 and MA 2 inputs. Enable does
not affect the latching or state of outputs A8, A8, A9, or A9.

A 8,A8,A9,A9: These outputs represent the non-inverted and inverted state of the latched
address inputs, MAO and MA1, in the 1859.

CEO0-CE 3, CS O—CS 3: Decoded outputs. The decoding is shown in the truth tables
below.

TRUTH TABLES

1858 DECODE TRUTH TABLE 1859 DECODE TRUTH TABLE
_ DATA T 1 _ DATA I
ENABLE INPUTS | cso |cs1|cs2|cs3| CEo [CE1| CE2 |CE3 ENABLE INPUTS A8 | A9 | A8 | A9 |cCEo [CE1|CE2 |CE3
MA1 | MAO MA1 | ma
0 0 0 1 Jofo]o 0 0 0 o [ o[ 1] 1
0 0 1 0 1 0 0 NOT AFFECTED 0 0 1 0 1 1 0 NOT AFFECTED
BY MA1, MAO
0 1 o [o]of1]o BY MA1, MAO 0 1 o [ 1ol o1
0 1 1 0 0 0 1 0 1 1 1 1 0 0
MA3 | MA2 MA3 | MA2
0 0 0 0 1 1 1 0 0 0 0 1 1 1
0 1 NOT AFFEGTED 1 o1 {1 0 0 1 NOT AFFECTED |+ 0 11 11
o P o BY MA3, MA2 T 11 o [a 0 1 0 BY MA3, MA2 111 (o |1
) 1 1 1 11 |o
1 [HIEEE
0 1 9 NOT AFFECTED BY
1 X x loJoJoJol+ 1114 1 X X | ENABLE . HEEERE
X = MAO, MA1, MA2, MA3 DON'T CARE X = MAO, MA1, MA2, MA3 DON'T CARE

Information furnished by l-Tughes is believed to be accurate and reliable. However, no responsibility is assumed
by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes.

r R
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Newport Beach, CA 92663 Schmaedel Str. 22, 8000 Munich, Germany Rev. N/C 6/83
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SPECIAL PURPOSE PRODUCTS

Datasheets are available from Hughes Representatives or Hughes Solid State Products.

HCTR 0107P Counter/Latch/Decoder/Driver

HCTR 0200P Decade Counter/Latch/Decoder/Driver
HCTR 0320AP Frequency Synthesizer

HCTR 4010P 4 Decade Up/Down Counter

HCTR 6010 4> Decade Counter

HDGP 1000 General Purpose PMOS Fet

HDIG 1030 Insulated Gate PMOS Fet

HLSS 0533Y Single Chip, Heart Rate Monitor

HUGHES SOLID STATE PRODUCTS
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' HUGHES | SOLID STATE PRODUCTS Quad Logic Arrays

4
UGHES AIRCRAFT COMPANY

HCMOS Configurable Gate Arrays

For technical information on Hughes Quad Logic® Arrays, see pages 13-17.

FEATURES

® Standard Process is MIL. STD. 883B

® High Performance 3y HCMOS Silicon Gate Technology

TTL and CMOS 1/0 Compatability

Output Buffer Options Provide Drive Currents of up to 16 mA

Up to 172 1/0 Buffers Available

P Channel and N Channel Sizes for Symmetrical Switching (Wp =2Wp)
Extensive Macro Library Available

Two Levels of Metal Interconnection

Propagation Delays of 1.4 Nanoseconds and Data Rates up to 35 MHz
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' HUGHES | SOLID STATE PRODUCTS HB3108

J

Eov ARG A COMEAND

Military CMOS EEPROM
1024 X8

DESCRIPTION

Hughes’ HB 3108 is a 1K x 8 (8192 bits) CMOS Electrically Erasable Programmable Read Only
Memory (E2PROM), tested in accordance with Military Standard 883B requirements. As such, itis
intended for military or other applications which require superior performance and reliability over
the wide temperature range of -55°C to +125°C.

Thorough testing screens ensure a high reliability device, allowing for over 10,000 erase/write
cycles and greater than 10 years data retention and-unlimited read cycles. The chip erase time and
byte write times of 1 ms combine for a fast entire chip program time of about 1 sec. Both chip erase
and byte write are controlled with TTL level pulses when Vpp is elevated to +16 Volts. A 3-line
control architecture providing Chip Select (CS), Chip Enable (CE), and Output Enable (OE) allows
for maximum flexibility in system implementation. The Hughes’ CMOS process provides the

advantages of low power to the EEPROM user with a typical quiescent current of 2 pa.

The HB 3108 is available in a 24 lead hermetic dual-in-line ceramic package (D suffix) or leadless
chip carrier (L suffix).

FEATURES

® 1K x 8 CMOS EEPROM ® 3-Line Control Architecture

® TTL Level Erase/Byte Write Controls ® 10 pW Typical Quiescent Power
® 1 ms Erase/Write Times Dissipation i

® 10,000 Erase/Write Cycles e JEDEC Approved 24 pin DIP

® 10 year Data Retention and LCC Pinouts

PIN CONFIGURATION

Leadless Chip Carrier Ceramic Dip

21‘22522 A7 1 e 24— Vpp

Ae [ 2 23] A8

A5 ] 3 22 A9

Al s Ad ] 4 213 cs
A3 OE A3 ] s 20— OE
A2 NC A2 ] s 19 NC
A CE Al 7 18 CE
AO 1707 AO[]s 173 1107
1100 /06 170 T o 16— 1/0g
1704 410 15— 1/05
1710 T 11 14 1/04
o & % &3 anD T2 13 1/03
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ABSOLUTE MAXIMUM RATINGS

DC Supply Voltage Range .eev.. —0.3t0 + 18 Volts
(All Voltages referenced to GND terminal)

Input Voltage Range ............... —0.3to Vpp + 0.3 Volts
Operating Temperature Range
Ceramic Package ............... —55to + 125°C

Storage Temperature Range ....... —65to + 150°C

RECOMMENDED OPERATING CONDITIONS

NOTE: Stresses above those listed - under
“Absolute Maximum Ratings” may cause perm-
anent damage to the device. This is a stress
_rating only and functional operation of the
device at these or any other conditions above
those indicated in the. operational sections, of
this specification is not implied. Exposure to
absolute maximum rating conditions for ex-
tended periods may affect device reliability.

VpD Supply Voltage 5+ 1 Volts

16 + 1 Volts

Temperature Range —55°C to + 125°C

—55°Cto + 125°C

DC OPERATING CHARACTERISTICS
Read: Vpp = 6V Unless Otherwise Specified

Star;dby Current — 100 200 MA [VIN=0o0rVpp
Icc1A Active Current? — 100 - 100 — | 200 A |CE=OE=0
VoL Output Low Voltage — 0.45 — 0.45 — | 045 VpD =4.75V,lp = 2.1mA
VOH Output High Voltage 24 — 24 — 2.4 — VpD =4.75V, Ig = —400pA
ViL Input Low Voltage — 0.6 — 0.6 — 0.6 Vpp = 4.75V
ViH Input High Voltage 24 — 24 — 24| — VDD = 5.25V
L Input Leakage Current'| — +1 — +1 — +1 pA | VIN=0orVpp
Lo Oulput Leakage o - e — | 1 | pA |Vo=0orVpp

Erase or Write: Vpp = 17V Unless Otherwise Specified

Icc2 Prog. Current — 3 — 3 — 5 mA VIN=0orVpp

Iccaa Prog. Current — 25 — 25 — 30 mA VIN = 5V

ViL Input Low Voltage — 0.6 — 0.6 - 0.6 —

VIH Input High Voltage 3.8 - 3.8 — 3.8 - —

I Input Leakage _ +1 . +1 o 1 A VIN = 0 or V.
Current? - - - H 'N Db

Lo Output Leakage _ 1 _ +1 . +1 A Ve =0orV
Current? - - - H 0 oD
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AC OPERATING CHARACTERISTICS HB 3108
Read: Vpp = 5V Unless Otherwise Specified

/SYMBOI ARAME]?*E‘
tAsSU Address Set Up Time CS=VH
tAH Address Hold Time 130 — 150 — 200 — ns CS=VH
tACE Access Time from CE | — 550 - 700 - 925 ns CS=VH, OE=V|
tOE Output Enable Time — 275 — 325 - 475 ns CS=VH,CE =V
tACS Access Time from CS — 550 — 700 — 925 ns CE=V|,OE=V_
tDF OE to High Impedence | — 340 — 400 — 520 ns CE=V|,CS=Vy
toH Output Hold from
OE, CE, or CS which 0 — 0 — 0 — ns —
ever occurs first
tCEH CE High Time 0.9 — 1.1 — 1.4 — s —
Iccs Dynamic Current — 1.0 — 1.0 — 1.2 mA f=100KHz
READ TEST CONDITIONS
Output Load: C|_= 50pF Timing Measurement Reference Levels: Input = Output = 50%
Input Levels: VH = 2.4 Volts, V|_= 0.45 Volts Input Rise and Fall Times: t; = tf = 10ns

Erase and Write, Vpp = 16V Unless Otherwise Specified

TA
tvps B Program vSéf Up Time! —
tep Erase Pulse Width?2 1 10 1 10 1 10 ms CS=VH, CE =VH
twp Write Pulse Width 2 1 10 1 10 1 10 ms CS =V, OE = Vy
tDs Data Set Up Time? 170 —_ 200 - 260 — ns CS=VH, OE =VH
tDH Data Hold Time" 170 — 200 — 260 — ns CS=VH, OE =VH
tASP Address Set Up Time' 170 — 200 — 260 — ns CS=VH
tAHP Address Hold Time? 170 — 200 — 260 — ns CS=VH
PROGRAMMING TEST CONDITIONS
Input Levels: VH = 3.8 Volts, V|_= 0.6 Volts Timing Measurement Reference Levels: Input = Output = 50%

Input Rise and Fall Times: t; = tf = 10ns

NONVOLATILE CHARACTERISTICS

e L} 25°C | 0°C10+70°C | 4010 +85°C

E S TYRIC MING | MAX: [ MING | MAK;

E Endurance'? 100,000 10,000 — 10,000 — |Cycles/Byte| tep=twp=1ms
TR Retention 1+ — 10 — 10 — Years Vpp =0

PROGRAM CHARACTERISTICS VS. SUPPLY VOLTAGE

S 1

NOTES:
1. This parameter is only sampled and is not 100% tested.
2. Erase and Write time is a function of +Vpp. See characteristic curve.
3. Endurance is the maximum number of erase/write cycles per byte.
4. Retention is the amount of time the data is retained in the memory
without power being supplied.

WRITE/ERASE
VOLTAGE (V)
>

15
0.1 1.0 10.0
WRITE/ERASE TIME (ms)
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TIMING WAVEFORMS

y vy

Read
ADDRESSES ADDRESSES VALID
tASU —>=—tAH—
CE X
/ X /
tCEH -
e
OE
cs Lta‘g_. \
—tACE—*
f tacs
HIGH Z
OUTPUTS 17 OUTPUTS VALID
Chip Erase/Byte Write (CS = VRH)
+V
Vbp iF PP
+5V
—{ tvPs tep
OE
(CHIP ERASE)
tvps twp
_ —\
CE
(BYTE WRITE) S L o
/ -\
DATA DATA VALID
INPUT X 7
tASP tAHP
Z%g ADDRESSES
ADDRESSES
k VALID
FUNCTIONAL DIAGRAM ADDRESS INPUTS
AN M T 0O~
GND L <« < << <
= .ICOLUMN ADDRESS‘
POWER BUJFiR
HIGH -
v VOLTAGE | VOLTAGE -3 BUFFERS
DD SENSE
| I COLUMN DECODER (8)
| 1 OF 128
1 .
e _D CEcLock | CLOCKS
GENERATOR
VNN I S o
LATCH
m ERASE R ARRAY s oo (B)C om(\g)sns
OE e
CONTROL
LOGIC WRITE L]
>—
DISABLE
cs q»—ﬁ)
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HUGHES MILITARY PROGRAM HB 3108

The Hughes’ Military Program was developed to provide Mil. Std. 883B processing of memory products. This
includes screening to Class B of Method 5004 and quality conformance to Method 5005.

Mil. Std. 883B, Method 5004, Class B, defines the procedures for total lot screening ofthe HB 3108  over the full
temperature range defined as: —55°C to + 125°C.

Mil. Std. 883B, Method 5005, Class B, defines the quality conformance inspections and tests required to ensure
that each lot consistently meets specified quality and reliability levels. Method 5005 consists of Group A
(electrical tests), Group B (package integrity tests), Group C (life tests), and Group D (package integrity tests) lot
inspection procedures.

The Hughes’ HB 3108 product flow is illustrated below. Details of the Class B screening tests and quality
conformance testing for the HB 3108 are found in Hughes Specification Control Documents.

HB 3108 PRODUCT FLOW SCREEN TESTS

SCREEN TEST

DICE WAFER INTERIM ELECTRICAL TEST
BURN-IN
FIRST OPTICAL SORT 100% 883 METHOD 1015 CONDITION C
883 METHOD 2010 CONDITION B 160 HOURS @ Tp = 125°C MIN, 100%

DIE ATTACH FINAL ELECTRICAL TESTS 100%, 883 METHOD 5005
TABLE 1 STATIC & FUNCTIONAL & SWITCHING

Q.A. MONITOR TESTS AT Tp =25°C, —55°C, & + 125°C TEST
REQUIREMENTS PER HUGHES SPECIFICATION

ULTRASONIC Al Q.A. EXTERNAL VISUAL LOT ACCEPTANCE.
883 METHOD 2009.
Q.A. MONITOR
FINISHED GOODS TO STORES
PRE-SEAL OPTICAL SORT 100%
883 METHOD 2010 CONDITION B QUALITY CONFORMANCE TESTS

SEAL

STABILIZATION BAKE Q.A. GROUP B INSPECTION
883 METHOD 1008 CONDITION C

TEMPERATURE CYCLING Q.A. GROUP C INSPECTION
883 METHOD 1010 CONDITION C

CONSTANT ACCELERATION
883 METHOD 2001 CONDITION EOR D
PER PACKAGE LIMITATIONS. Y-1 AXIS

Q.A. GROUP D INSPECTION

WIRE BOND DRAWING DS 72001 OR 72002.
Q.A. PRE-SEAL OPTICAL INSPECTION
883 METHOD 2010 CONDITION B QA GROUP A INSPECTION
DATA ON FILE
MARK

FINE LEAK 100%
883 METHOD 1014 CONDITION AOR B LEGEND

GROSS LEAK 100% ( PRODUCTION

883 METHOD 1014 CONDITION C [J QA MONITOR
X QA GATE
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OPERATING MODES |

The HB 3108 has three modes of operation: Read, Block Erase and Byte Write, all enabled when the chip is
selected (CS = high). In the Read Mode the HB 3108 functions as a normal CMOS ROM. When the power input ‘
(VDD) israisedto + Vpp the Erase or Write Mode is enabled. In the Erase Mode, all bytes are resetto a logic low |
(GND). In the Write Mode, bits of the addressed byte may be programmed to a logic high. An Erase Operation is
required before re-writing over previously Programmed data. Detailed procedures for each mode follow:

READ MODE: The circuit reads addresses on the falling edge of CE and latches the accessed data until CE
goes high again. The latched data will appear at the outputs whenever CE islow, CSis high,and OE is low. A
read is initiated with CS going high if CE is already low.

ERASE MODE: A Block Erase (all 0’s in memory) is accomplished by setting CE and OE high, raising the
positive supply to + Vpp and then pulsing OE low. When the circuitinternally senses the +Vpp voltage, it floats
the outputs preventing +Vpp level signals from appearing on the data I/ O bus. Erasure can also be controlled
by CS if OE is already low.

WRITE MODE: A Write consists of programming 1’s into bits that contain a 0. A byte is written by setting CE
and OE high, raising the positive supply to +Vpp, and pulsing CE low. The address lines must have valid data
when CE falls and the data to be programmed must be valid on the data 1/0 lines while CE is low. A Write
operation can follow an Erase while holding +Vpp at +Vpp, and several or all the bytes can be programmed
with +Vpp held at +Vpp. A Write can also be controlled by CS if CE is already low.

SUMMARY OF OPERATING MODES

Standby (unselected)® X 0 X X Floating

Standby (selected)® 1 1 1 X Floating

Standby (selected) 1 1 0 +5 Floating I
Read 0 1 1 +5 Floating !
Read 0 1 0 +5 Data Output r ‘
Erase 1 1 0 +Vpp Floating

Program 0 1 1 +Vpp Data Input

Prohibited State 0 1 0 +Vpp Data Input (

NOTE 5— Recommended modes for Vpp transition to and from +Vpp. Vpp should not fall below input levels during transition.

PIN DESCRIPTIONS

A 0—A 9: Addressinputs which select one of 1024 bytes of memory for either Read or Program. The addresses
need to be valid only during the falling edge of CE. \
1/09—1/07: Bidirectional three-state data lines that are Data outputs during a Read operation and Data inputs
during a Write operation.

GND: Negative supply terminal and V = O reference.

VpD: Positive supply terminal. It is raised to +Vpp for Erase and Write operations.

CS: Chip Select. A Logic Low disables all control inputs in all modes.

OE: Output Enable. A Logic High disables the Data Output Drivers in normal operation. If Vpp = +Vpp, a Logic
Low causes a block erase. This input is active only when CS is high. ‘

'CE: Chip Enable. This input causes the circuit to read the addresses atits falling edge for both Read and Write
operations. For the Read operation, accessed data is latched and valid aslong as CE is held ata Logic Low. If
VDD = +Vpp, a Logic Low causes a byte Write operation. This input is active only when CS is high.

Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes i
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is |
granted by implication or otherwise under any patent or patent rights of Hughes.

- HUGHES | sOLID STATE PRODUCTS

e d
AIRCRATT COMPANY

In Europe: Hughes Solid State Products
500 Superior Avenue Hughes International Service Co.
Newport Beach, CA 92663 Schmaedel Str. 22, 8000 Munich, Germany Printed in U.S.A. 2/84
Telephone (714) 759-2942 TWX: 910-596-1374 Telephone 49-89-834. 7088 Telex: 5213856 HSPD Supersedes Previous Data
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HM 0438A

Serial Input LCD Driver

DESCRIPTION

The 0438A is a CMOS/LSI circuit which acts as a smart peripheral that drives up to 32 seg-
ment LCD displays, usually under microprocessor control. The device is processed to MIL
STD 883B Class B to meet military/aerospace environments. Requiring only three control
lines due to its serial input construction, the device latches the data to be displayed and
relieves the microprocessor of the task of generating the required waveforms.

The 0438A can drive any standard or custom parallel drive LCD display whether it be field
effect or dynamic scattering, 7, 9, 14 or 16 segment characters, decimals, leading + or —,
or special symbols. Several 0438A’s can be cascaded. The AC frequency of the LCD
waveforms can be supplied by the user or can be generated by attaching a capacitor to the
LCDw input, which controls the frequency of an internal oscillator.

The 0438A can also be used as a column driver in a multiplexed LCD display. In this applica-
tion timing and refresh must be supplied externally.

The 0438A is available in a 40 lead hermetic dual-in-line ceramic package (D suffix), plastic
package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H
suffix) are available to Class B optical criteria upon request.

FEATURES
* Military Standard 883B, Class B Quaiified e CMOS, NMOS, and T°L
 Drives up to 32 LCD segments of arbitrary compatible inputs
configuration e Cascadable
e CMOS construction for: e On chip oscillator
Wide supply voltage range e Requires only 3 control lines

Low power operation
High noise immunity
Wide temperature range

PIN CONFIGURATION

S

+Vpp 1 40 /3 cLock

LOAD T2 39 ) SEG 1
SEG 323 38 SEG 2
SEG 31 {4 37 SEG 3
SEG 30 C—]5 36— GND
SEG 29 C]6 35 1 DATA OUT
SEG 28 ] 7 34 [ DATA IN
SEG27 (8 33 [/ SEG 4
SEG 26 C—] 9 321 SEGS5
SEG 25 C]10 31 Lebe
SEG 24 ] 11 30— BP
SEG 23 . 12 29 [ SEG 6
SEG 22 T 13 28 | SEG 7
SEG 21 (14 27 ] SEG 8
SEG 20 ] 15 26/ seGg 9
SEG 19 ] 16 25 [ SEG 10
SEG 18 [ 17 24 7] SEG 11
SEG 17 [ 18 23 [ SEG 12
SEG 16 ] 19 22 [ SEG 13
SEG 15 T4 20 21 ) SEG 14
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ABSOLUTE MAXIMUM RATINGS

VDD -t cveeee e e —.3to + 15V
Inputs (Clk, DataIn, Load)....... +VpD — 15to + Vpp + .3V
LCD® Input ... ..—.3to+VpD +.3V
Power Dissipation ..............250 mW
Operating Temperature
Ceramic Package .......... —551t0 +125°C
Storage Temperature ........... —65to + 150°C

i
NOTE: Operating the device above the “Ab-[*
solute Maximum Ratings” may cause perma-|

“nent damage to the device. This is a stress|'

rating only and functional operation of the :
device at these or any other conditions abovel
those indicated in the operational sections of}
this specification is not implied. Exposure to;
absolute maximum rating conditions for ex-!
tended periods may affect device reliability. |

ELECTRICAL CHARACTERISTICS at TA = —55to + 125°C and VDD

5V unless otherwnse noted

PARAMETER e SYMBOL counmou s
Supply Voltage VDD
5V 200 A
Supply Current IDD1 LCD® Osc < 15 KHz £
15V 1.2 mA
Vpp = 5V 40 HA
Quiescent Current |
Q VDD - 15V 200 uA
Input High Level VIH -5Vpp VDD \%
Input Low Level ggotgk’ ViL Vpp—15 -2VpD Y
Input Current Load’ IL Vpp = 10V 10 HA
Input Capacitance Cj 5 pf
Segment Output Impedance RON IL = 10pA 60 KQ
Backplane Output
Impedance RoN 4 KQ
Data-Out Output
Impedance RoN 4 KQ
Clock Rate f 50% Duty Cycle, Vpp = 10 DC 1.0 MHz
y ; t Data change to
Data Set-up Time DS Clk falling edge, Vpp = 10 210 nsec
~ Data Hold Time tDH VDD = 10 70 nsec
Load Pulse Width tpw Vpp = 10 245 nsec
Data Out Prop. Delay tPD CL = 55pf, Vpp = 10 700 nsec
LCD @ Input High Level VIN 9VpD \
LCD @ Input Low Level ViL 1VpD \Y
LCD ® Input Current Level IL Driven, Vpp = 10V 20 pA
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BLOCK DIAGRAM

Clock O__l

HMO0438A

Data In O———>

32 BIT STATIC SHIFT REGISTER

——0O Data Out

Load O———

32 LATCHES

32 SEGMENT DRIVERS

LCD AC
LCD @ O—" GENERATOR

32 Ouputs

>0 Backplane

TIMING DIAGRAM

Output

Data In X
l

Data Out
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OPERATING NOTES f

1. The shift register loads, shifts, and outputs on the falling edge of Clock.

2. Alogic 1 on Data In causes a segment to be visible. w

3. Alogic 1 on Load causes a parallel load of the data in the shift register into latches that control
the segment drivers.

4. If LCD @ is driven, it is in phase with the Backplane Output.

5. To cascade units, either connect Backplane of one circuit to LCD® of all other circuits (thus
one capacitor provides frequency control for all circuits) or connect LCD @ of all circuits to a com-
mon driving signal. If the former is chosen, tie just one Backplane to the LCD and use a different
Backplane output to drive the LCD ¢ inputs. Either the data can be loaded to all circuits in parallel
i or Data Out can be connected to Data In to form a long serial shift register. i
‘ 6. The supply voltage of the 0438A is equal to half the peak driving voltage of the LCD. If the 0438A
supply voltage is less than the swing of the controlling logic signals, the positive supply leads of the 1
logic circuitry and the 0438A should be tied in common, not the ground (or negative) supply leads. Be ;
careful that input level specifications are met. ‘

7. The LCD ¢ pin can be used in two modes, driven or oscillating. If LCD ® is driven, the circuit
will sense this condition and pass the LCD® input to the Backplane output. If the LCD @ pin is
allowed to oscillate, its frequency is inversely proportional to capacitance and the LCD driving
waveforms have a frequency 2° slower than the oscillator itself. This relationship is shown in Figure
1. The frequency is nearly independent of supply voltage. If LCD ¢ is oscillating, it is important to
keep coupling capacitance to backplane and segments as low as possible. Similarly, it is recom-
mended that the load capacitance on LCD ¢ be as large as is practical.

8. There are two obvious signal races to be avoided in this circuit, (1) changing Data In when Clock
is falling, and (2) changing load when Clock is falling.

9. The number of a segment corresponds to how many clock pulses have occurred since its data
was present at the input. For example, the data on Seg 19 was input 19 clock pulses earlier.

10. It is acceptable to tie the load line high. In this case the latches are transparent. Also, remote
control would only require two signal lines, Clock and Data in.

60

50
Frequency
(Hz)

40

30

70

20 30 40 50
Capacitor
(pf)

FIGURE 1

Information furnished by Hughes is believed to be accurate and reliable. However, no fespon_sibility is assumed
by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes.
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HM1831/1833
HM1831C/1833C

1800 CMOS Microprocessor Products
Static ROM

512 x 8 Static ROM — 1831
1024 x 8 Static ROM — 1833

DESCRIPTION

Hughes’ 1831 and 1833 are Static CMOS Mask Programmable Read Only Memories processed
to MIL STD 883B, Class B to meet military/aerospace environments.

The 1831 and 1833 respond to a 16 bit address time multiplexed on the eight address (MA 0-
MA7). The eight most significant address lines are latched on the chip by the clock input.
This address may be decoded by a mask option to allow the 1831 to operate in any 512 word
area, and the 1833 in any 1024 word area within the 65,536 byte memory space.

In addition, three chip select signals may be decoded for simplified system interfacing. The
Chip Enable Output (CEO) is activated when the chip is selected and can be used as a
disable control for small RAM memory systems. Data is accessed from the memory by
decoding the Address inputs and enabled on the data bus by the two Chip Selects (CS 2 and
CS1), the Memory Read (MRD) and the upper address decode. The CEl signal may be used
as an additional control of the ROM selected output signal, CEO, on the 1833.

The 1831 and 1833 operate over a 4-10.5 voltage range while the 1831C and 1833C operate
over a 4-6.5 voltage range. The ROMs are available in a 24 lead hermetic dual-in-line ceramic
package (D suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H
suffix) are available upon request to Class B optical criteria.

FEATURES

e MIL STD 883B, Class B Qualified e Single Voltage Supply
e Static Silicon Gate CMOS Circuitry ¢ Low Quiescent and Operating Power
¢ Interfaces Directly with 1802A e Static — No Clocks Required
Microprocessor without Additional e Chip Select and Address Location
Components Within 64K Memory Space, Mask
® Access Time Programmable
850ns Typical at V = 5V
350ns Typical at Vpp = 10V
FUNCTIONAL DIAGRAM PIN CONFIGURATION
17
A7 — 6> oos e Ma7 {1 7 2af= VoD
MA 6 3 15 BUS 5 MAG 2 23 [ CLOCK
mi 4 ADDRESS 14~ BUS 4 MA 5 ] 3 2 glg/ca
5 LATCHES, 13 _BRUS3 MA 4 4 21 1
MA 38— e s [—1—| STORAGE || OUTPUT 7~ 28 MA 3 . 5 203 ¢cs 2
MA 2 7 DECODER ARRAY BUFFERS [ 10 oo ) MA 2 . 6 19 = vep
MA(1) 8 9 . BUS 0 MA1 L7 18 3 CEO
mA 23 MAOLC] 8 173 BUS7
CLOCK BUS 0 C 9 16 1 BUS 6
(TPA) BUS1CH 10 153 BUS 5
BUS 2 T 11 14 BUS 4
Y TeTs) 19 BANK \ — 12 13— BUS 3
?;"S " — SELECT J{>—A CEO ss
21 | DECODE
CS 1 —5— *GEI 22
Vpp =24 Vpp = 12 * No Connection on 1831
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ABSOLUTE MAXIMUM RATINGS
Operating Temperature Range (TA)
CeramicPackage .............. —55to +125°C

DC Supply-Voltage Range (VDD)
(All voltage values referenced to Vgg terminal)

18311833 .. ... ... ... —0.5to +13V
1831C/M1833C ........... ... ... —05t0 + 7V
Storage Temperature Range (Tstg) .. . . —65 to +150°C

NOTE: Operating the device above the “Ab-
solute Maximum Ratings” may cause perma-
nent damage to the device. This is a stress
rating only and functional operation of the
device at these or any other conditions above
those indicated in the operational sections of
this specification is not implied. Exposure to
absolute maximum rating conditions for ex-
tended periods may affect device reliability.

OPERATING CONDITIONS at TA = Full Package Temperature Range Unless Otherwise Specified.

Supply Voltage Range (At Tp = Fuli
Package Temperature Range) 4 10.5 4 6.5 4 10.5 4 6.5 \]
Recommended Input Voltage Range - Vss VDD Vss VpD Vss VpD Vss VpD \
Glock Pulse Width (TPA), tpaw 5 200 - 200 - 200 - 200 - ns
10 70 - — — 70 - - -
Address Setup Time, tag 5 100 - 100 - 100 - 100 - ns
10 50 — — — 50 — — —
Address Hold Time, taAH 5 150 - 150 - 120 - 120 - ns
10 75 — — — 60 - - —

T e o g v

STATIC

ELECTRICAL CHARACTERISTICS at TA = —55 to + 125°C

Quiescent Device Current, I - 5 - [001]100| — |002]400 | — |0.01]100| — |0.02|400 | A
- 10| — | 1 {40 - |- |=]-=1]1 40| - |- |-

Output Drive Current, 0.4 5 04 | 06 | — 04 | C6 — | 08| — - 0.8 e
N-Channel (Sink), IpN 05 | w0 ]o8 |12 - |- |- |-118|—-|-]~-|-1~1 qa
P-Channel (Source), IpP 46 | 5 |-04|/ 06| — |04 06|~ |-08 - | — |-08] - | -

9.5 10 | -08| 1.2 | — - - - |-18| — - - - -

Output Voltage — 5 — 0 |005| — 0 |005]| — 0 |005| — 0 |0.05 v
Low Level, VoL - 10| -0 Joos| - | - | ~-|-1]0]oos] - |- |-

Output Voltage - 5 4951 5 — 495 | 5 — 1495 | 5 — (495 | 5 - :
High Level, VoH - 10 | 995 | 10 - - - — 1995 | 10 - — - - v

Input Leakage Current, - 5 - - +1 - — +1 — - +1 - - +1
e 1 - 10 - - 1 | - - — - - +1 | - - - uA

3-State Output Leakage 0,5 5 - — +1 — - +1 — - +1 — — +1
Current, loyT 010 | 10 | — | = (21! = | = | = | = | = l=1]| = | = =] pA

* Typical values are for To = 25°C and nominal Vpp
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ELECTRICAL CHARACTERISTICS, Cont. HM 1831/1833

) CONDITIONS 1831 1831C 1833 1833C
CHARACTERISTICS ‘(I‘f)) V(B)D Min. Typ'f Max.| Min. Typf Max.| Min. Typ'.' Max.| Min. Typ.'Ir Max. UNITS

DYNAMIC: t,, t = 10ns, C|_ = 50pF, R = 200 KQ
Access Time From Address — 5 — | 850 |1100 | — | 850 [1100| — | 650 [1000 | — | 650 | 1000

Change, taa - 10 | — 400|600 | - | — | — | — 30|50 | - | - | — ns
Access Time From Chip - 5 — | 700 {1000 | — | 700 | 800 | — | 500 | 900 | — | 500 | 900

Select, taAcs - 10 —|20}|500 { — | = | = | — |275}400 | - | - | - ns
CEO From Address — 5 — | 500 | 600 | — | 500 | 600 | — 120 | 240 | — 120 | 240

Change, tca - 10 | — 120 (250 | — | — | = | = {70 [140]| - | - | = ns
Bus Contention Delay, — 5 — | 200 | 350 | — | 200|350 | — |220 | 300 | — | 220 | 300

to - 10 | — | 100|150 | — | = | — | — |130|250 | — | — | = ns
Daisy Chain Delay, — 5 — — — — - — — 1200 {360 | — | 200 | 300

tio - 10 - =l =-1=]=1|=1|=1l1w00]150 |- |- | - -
Read Delay, - 5 — | 300 [ 800 [ — | 300 700 | — |[400 |700 | — | 400 | 700

tMRD - 10 | — | 100|400 | - | = | — | — [200350 | — | — | = s
Chip Select Delay, - 5 — | 600 | 800 | — | 600 | 800 | — | 250 | 450 | — | 250 | 450

tcs - 10 | — | 20040 | - | — | = | = [125|250 | — | — | — ns
Chip Enable Output Delay - 5 — | 450 | 500 | — | 400 | 500 | — |200 {325 | — | 200 | 325

Time From CS, tco - 10 — | 200 | 250 | — — - — | 100 170 | — - - ns
Power Dissipation, Pp - 5 - 15 - — 15 - - 30 = - 30 -

Cycle time = 25us - 10 | -]60 |- |- -] =1]=-120]-1|=1]-1]-1]mW

*Typical values are for Tp = 25°C and nominal Vpp

TIMING DIAGRAMS 1833CS
1831

CS / tcs«l
q ICS |=- *—ng:S —
MA Lo. MA KE0X_ LO.

tAS ' A t
tA AA
CLOCK A tAS—

TPA _ —
(TPA) tPAW-|  H—tAH MUX (TPA) —/‘f—
MRD tPA l——tAH

r-l—tco~;+, MED ! MRD-
CEO
_.J tMRD b= CEl

HIGH IMPEDANGE |
BUS < tlo—| |~

A Valid Data. OUTPUT VALID tca
Longer Time Will ACTIVE DATA CEO
Initiate An Earlier tp -

But Invalid Output

BUS —<ZK__

H.O. = High Order Address OUTPUT VALID
L.O. = Low Order Address % INVALID OR DON'T CARE CONDITIONS  ACTIVE DATA

The dynamic characteristic table and the above timing diagrams represent maximum performance
capability of the 1831/1833. When used in direct system interface with the 1802A microprocessor, the
timing relation will be determined by the clock frequency and timing signal generation of the
microprocessor. In the latter case the following general timing conditions hold: tAH = 0.5 t¢

tpAw = 1.0t¢
MRD occurs one clock period (tc) earlier than address bus MAQ — MA7.
tc = 1/1802A clock frequency.

227



R T RS

SYSTEM INTERCONNECT CLEAR

WAIT
l 1 —i— ‘
\ I Nonz MED |
(ADDR BUS | .~ KADDRBUS e " 'l \
N T2 [—scosct )
1831 RAM - cPu INTERRUPT Vo
1833 MRD | MRD S
MWR
CEO EETEES
#
| I J
8 BIT BI-DIRECTIONAL DATA BUS
SIGNAL DESCRIPTION
MAO—MAT7: High order byte of a 16-bit memory address appears on the memory address

lines,(MAO—MA7),first. Those bits required by the memory system are strobed into internal
address latches by Clock (TPA) input. The low order byte of 16-bit address appears on the
address lines after the termination of TPA.

BUSO0 — BUST7: These eight bi-directional three state data lines form a common bus with
the 1802A microprocessor.

CLOCK (TPA): A timing signal from 1802A microprocessor (trailing edge of TPA) is used to

latch the high order byte of the 16-bit memory address. The polarity of TPA is user mask pro-
grammable.

CS1, CS2, MRD: Chip Select and Memory Read (output enable) signals. The polarity of the
chip select signals are user mask programmable.

CEO, CEIl: Chip enable output signal (CEO) is high when either the chip is selected or CEl is
high (1833 only). CEO and CEIl can be connected in daisy chain operation between several
ROMs to control selection of RAM chips in a microprocessor system without additional
components. The polarity of CEl is user mask programmable in the 1833.

ORDERING INFORMATION

Contact Hughes for price and other information relating to ROMs. ROM order forms and in-

structions concerning means of data conveyance are available from Hughes Solid State
Products or Hughes’ representatives.

Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed
by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes.
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Newport Beach, CA 92663 Schmaedel Str. 22, 8000 Munich, Germany Rev. N/C 5/83
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CUSTOM CIRCUITS

Hughes can add another
dimension to your product by
adding nonvolatile memory to your
custom circuit!

Hughes is equipped to handle your
custom and semi-custom
requirements from specification
definition through:

Design

Mask Fabrication
Wafer Fabrication
Assembly

Test

Delivery of volume
production

Hughes’ CMOS processes include
our high performance 3y HCMOS
(1 nsec gate delay) and metal gate
processes, which are selectively
used for logic, nonvolatile memory
and analog functions.

Hughes’ Standard Cell technology
can be used for fast turnaround of
prototypes. Our design automation
system allows for merging linear
and digital logic functions on a
Standard Cell device.

Microcircuit
Packaging

Hughes is a producer of high
volume multi-chip assemblies,
utilizing state of the art technology
to achieve high packaging
densities for hi-rel applications at
competitive prices.
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SILICON FOUNDRY

Hughes’ full service foundry minimum run of 25 wafers. We SPICE to worst case parameters.
accepts customer owned tooling provide wafers, die or packaged Our post-wafer processing

(COT) for our 3u HCMOS silicon devices, processed for military, includes wafer probing, packaging
gate, 50 CMOS metal gate, and 7u industrial or commercial and packaged device testing. We
PMOS metal gate processes. applications. maintain our processes by using
Custom designs should be supplied sophisticated process control

in the form of Calma GDS-II Hughes provides simulation in monitors.

database tapes or masks for a

Process Specifications — Design Parameters

ELECTRICAL PARAMETERS @ 25°C N (E:annel P Channel
yp- Typ.
VT @ 1ua, volts 6to1.2 —6to—1.2
Field Inv @ 1ua, volts
Poly Silicon 10 —8
Metal | 15 —15
Bypss volts 10 —10
Body Effect 1.2 0.69
KP 2010 30 10to 14
PROCESS PARAMETERS
Oxide Thickness, um
Gate (Std Gate) 0.070 0.070
Field (Poly-Sub) 0.75 0.75
Field (Poly-Met) 0.60 0.60
Met-Metal I 1.00 1.00
Capacitance
COX, pF/sq. mil .32 .32
CJO, pF/sq. mil 15 .10
Poly Silicon
Sheet Res, ohms/sq. 25 35
Diffusion
Well Res., kohms/sq. 10to 25 —
Diff. Res., ohms/sq. 2010 35 30 to 50
Metal
Met Thick, ym 60 .60
Metal Il Thick, pm 1.00 1.00
Max. Current Density = 5. 0E5 amp/sq. cm
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HUGHES STANDARD COMMERCIAL PRODUCTS FLOW.

DICE WAFER

FIRST OPTICAL SORT 100%
HUGHES QAI 11-56

DIE ATTACH

Q.A. MONITOR

WIRE BOND
Q.A. MONITOR
PRE-SEAL OPTICAL SORT 100%

HUGHES QAI 11-56

Q.A. PRE-SEAL OPTICAL INSPECTION
HUGHES QAI 11-56

PLASTIC CERAMIC

STABILIZATION BAKE

MARK

SOLDER DIP
FINE LEAK, 1.0% AQL
GROSS LEAK

MARK

ELECTRICAL TEST 100% Tp—25C

Q.A. EXTERNAL VISUAL LOT ACCEPTANCE

HUGHES SOLID STATE PRODUCTS
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HUGHES STANDARD INDUSTRIAL PRODUCT FLOW.

PLASTIC

DICE WAFER

FIRST OPTICAL SORT 100%
HUGHES QAI 11-56

DIE ATTACH

Q.A. MONITOR

WIRE BOND

Q.A. MONITOR

PRE-SEAL OPTICAL SORT 100%
HUGHES QAI 11-56

Q.A. PRE-SEAL OPTICAL INSPECTION
HUGHES QAI 11-56

CERAMIC

MOLD

SOLDER DIP

MARK

SEAL

STABILIZATION BAKE

MARK

FINE LEAK. 1.0°. AQL

GROSS LEAK

INTERIM ELECTRICAL TEST

BURN-IN
883 METHOD 1015, CONDITION C
160 HOURS @ Ta =125°C MIN.

FINAL ELECTRICAL TEST 100% Tao—~25C
Q.A. ELECTRICAL INSPECTION Tp =25C. 1% AQL

Q.A. EXTERNAL VISUAL LOT ACCEPTANCE
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HUGHES STANDARD MILITARY/HI REL CLASS B FLOW.

O PRODUCTION

DICE WAFER

FIRST OPTICAL SORT 100%
883 METHOD 2010 CONDITION B

DIE ATTACH

Q.A. MONITOR

WIRE BOND
ULTRASONIC Al 10% REBOND

Q.A. MONITOR

PRE-SEAL OPTICAL SORT 100%
883 METHOD 2010 CONDITION B

Q.A. PRE-SEAL OPTICAL INSPECTION
883 METHOD 2010 CONDITION B

SEAL

STABILIZATION BAKE
883 METHOD 1008 CONDITION C MIN.

TEMPERATURE CYCLING
883 METHOD 1010 CONDITION C

CONSTANT ACCELERATION
883 METHOD 2001 CONDITION E OR D
PER PACKAGE LIMITATIONS, Y-1 AXIS

MARK

FINE LEAK 100%
883 METHOD 1014 CONDITION A OR B

GROSS LEAK 100%
883 METHOD 1014 CONDITION C

INTERIM ELECTRICAL TEST

BURN-IN
883 METHOD 1015 CONDITION C
160 HOURS @ Ta=125°C MIN.
FINAL ELECTRICAL TESTS 100%
883 METHOD 5005, TABLE 1
STATIC & FUNCTIONAL TESTS @ Tp=25°C AND 125°C
SWITCHING TESTS @ Ta=25°C
TEST REQ. PER HUGHES DATA SHEET OR CUST. SPEC.
Q.A. ELECTRICAL INSPECTION; GROUP A TESTS PER
883 METHOD 5005, TABLE 1
STATIC & FUNCTIONAL TESTS @ Tp =25°C AND 125°C
SWITCHING TESTS @ Tp=25°C

Q.A. EXTERNAL VISUAL LOT ACCEPTANCE
883 METHOD 2009, 2.5% AQL
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ORDERING INFORMATION/NOMENCLATURE

STATUS NOTICES

Preliminary Information: indicates guidance values for evaluation purposes. Some electrical parameters are
subject to change.
Advance Information: indicates design objectives. Some functional characteristics are subject to change.

NOMENCLATURE

Hughes is in the process of re-defining our nomenclature. For more detailed information, contact Hughes or
Hughes’ representatives.

-

000

LPRODUCT TYPE

PACKAGES

H M 23Cé64 C

VARIABLE MODIFIER

DEVICE NUMBER

PRODUCT FLOW

HUGHES

Example

HM 23C64-C-L-000 = Hughes Military 23C64, 4-6.5 voltage range, in a leadless chip carrier package, standard
device.

Product Type Packages Product Flow
000 = Standard Product L = Leadless Chip Carrier C = Commercial
XYZ = Custom Product* D = Ceramic Dip I =Industrial
H = Devices in Chip Form B = Hi Reliability
Variable Modifier* P = Plastic Dip M = Military
One character modifier for Y = Cerdip S = Special*
speed, power, processing,
etc.

*For detailed information, contact Hughes’ Customer Service.
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REPRESENTATIVES AND DISTRIBUTORS

HUGHES SOLID STATE PRODUCTS







UNITED STATES

ALABAMA
Huntsville
L&D,INC. ...
555 Sparkman Dr., Ste.
Huntsville, AL 35803
ARIZONA:
Scotsdale
SMS and Associates ...
7807 East Greenway Rd,, Ste. 8
Scottsdale, AZ 85260
CALIFORNIA

(205) 837-1469

(602) 998-0831

mpbell
KonmmerAssoc .
2470 South Wlnchesler Ste B
Campbell, CA 95008
La Mirada
Select Electronics ...
14480 Alonma Bivd., La Mi

(408) 866-5153

. (714) 739-8891
A 90367

Wesa Engineering . 5192783021
7525 Convoy Ct, San Diego, CA 9211

FLORIDA
Clearwater
Delmac Sales ... .. (813) 447-5192
1415 Duncan Ave. So., Clearwater, FL 33516
Orlando
Deimac Sales . (305) 898-4688

520 Virginia Dr.
marac

riando, FL 32803

Delmac Sales . (305) 726-1330
7338 NW. 7th St. Tamarac, FL 33319
GEORGIA
Atianta
L&D, INC. . (404) 455-3483

4350 Georgetown Square, Ste. 707
Atianta, GA 30338

UNITED STATES
ARIZONA

Rv Wealhem)vd (502) 272-7144
3355 West Earil Dr Phoenlx AZ 85017

TWX: 910-951-0636
CAUFzINIA
R.V. Weatherford . (714) 634-9600
1550 Babbift Ave., Anaheim, CA 92805
TWX: 910-593-1334
Anaheim
Zeus Components - (213) 924-0454
1130 Hawk Cir. (714) 632-6880

Anaheim, CA 92807
TWX 910 591-1696

RV Wea(her'ord - (213) 849-3451
6921 San Fernando A Glendale CA 91201
TWX: 910-498-2223

Pomona
R.V. Weatherford
1095 East Third St.
Pomona, CA 91766
TWX: 910-581-3811
n Di

R.V. Weat (619) 695-1700
7665 Formula PI San Diego, CAg2121
TWX: 910-335-1570
Santa Barbar:
RV. Wealhenord - (805) 965-8551
18 Ortega St, Santa Barbara CA 93101
TW)( 910-334-4835

.. (714) 6231261
(213) 966-8461

EUROPE

AUSTRIA
Becos Ges, mbH ....... (0222) 959145
A- uso Wien, Gablenzgasse 52, Austria
34606

sEL 1M
‘Auriema Belgium SA/NV. ... (025236295
Rue Brogniez Straat 172A
Bruxelles, 1070 Brussel, Belgium

DENMARK
Micronor Aps .
Herningvej 98
Silkeborg, K 8600 Denmark

X: 63245 Mict

ENGLAND
Peico Elacvcmcs .
Spring Ga
Romlorg Essex RM? 9LP England

(06) 816522

. (0708) 61911

HUGHES U.S. AND CANADIAN SALES REPRESENTATIVES

IDANO

N. Fl Schultz Co. ....... (208) 377-8686
10748 North Cole Rd., Boise, ID 83704

ILLINOIS
Elk Grove Village
Carlson Eleclmnlc Sales Co. .. (312)956-8240

600 East Higgins
Elk Grove Vlﬂage, 60007

Sales
7202 Norih Shadeiand Ave
Indianapolis, IN 46250
10WA

Cedar

Carlson Eleclromc Sales Co.

204 Collins Rd., N.

Cedar Rapids, A 52402
KANSAS

- (317) 842-3740

(319) 377-6341

Shawnee Mission

Technical Sales Assoc. ......... (913) 888-3330

Shawnee Mission, KS 66215
MARYLAND

Towson
Abotek ...
102 W. Joppa Road
Towson, MD 21204

MASSACHUSETTS

Wellesley Hills
RH.Sturdy Co. ..
P.0. Box 328, 167 Worcester St
Wellestey Hills, MA 02181

MICHIGAN

Livonia
Luebbe Sales ...
19500 Mlddleheg Rd., Ste.

- {301) 825-0775

- (617)235-2330

. (313)477-3131
w

Livonia, MI 48

MINNESOTA
Minneapolis
Bill Deming Assoc. ..
8053 Bloomington Fwy,
Minneapolis, MN 55420

. (612)888-5000

SL. Loui
Techmcal Sales Assoc. .. (314) 725-5361
P.0. Box 10907, 119 Church St, Ste 223
St. Louis, MO 631.
NEW HAMPSHI
Windham
R.H. Sturdy Co. . (603) 893-9506

5 Bucnwooe Road, Windham, NH 03087~
N

MER Assocites . (609) 983-1020
2002 Greentree Executive Campus, Ste. D
Marlton, NJ 08053
NEW MEXICO
Albuquerque
Compass Marketing & Sales ...
2632 Pennsylvania NE. Ste. 8
Albuguerque, NM 87110
NEW YORK
yside
Rober! Diamond, Inc. ... (212)423-7330
210.30 2310 Ave. Bayside. NY 11360
East Rochester
Ti-Tech Eletronics, Inc. ... (716) 385-6500
300 Main St. E. Rochester, NY 14445
Endwell
Tri-Tech Electronics, Inc. ... (607) 754-1094
3215 East Main St Endwell, NY 13760
Fayetteville
Tri-Tech Electronics, inc. ...... (315) 446-2881
6836 E. Genesee St, Fayetleville, NY 13066
Fishkill
Tri Tech Electronics, Inc. ...... (914) 897-6511
14 Westview Dr., Fishkill, NY 12524

(505) 292-7377

NORTH CAROLINA
Greensbor
L&D,INC. ................... (919)292-3201
P.0.5510 W. Friendly Ave.
Greensboro, NC 27419
sielgh
INC. . . (919) 876-5301
mu Dresser G, Raleigh, NC 27609
OHi

Clncm

Luebbe Sales . (513) 39\ 5770
4172 Crossgate Sq., Cinci
Clevel

Leub (216) 333-0425

be Sale )
2|330 Cenlel Rldge H Cleveland, OH 44116

mbus
LuebbeSales e
6500 Busch Bivd., Ste. 210
Columbus, OH 43229

- (614)431-0474

ylon
Luebhe (513) 294-0426
3832 Kei(enng Bivd., Daylon OH 45439
OREGON
Beaverion
N.R. Schultz (503) 643-1644
13095 SW. Hemy Beaverlon, OR 97005
PENNSYLVANIA
Pittsburgh
Luebbe Sales (412)931-0414
2987 Babcock Bl gh PA 15237
TEXAS
Austin
Sundance Sales 512) 250-0320

- - (
10116 Woodland Vlllage Dl Auslm TX 78750
Houston
Sundance Sales
5925 Sovereign, Ste. 111
Houston, TX 77036

. (713) 772-4988

HUGHES U.S. AND CANADIAN DISTRIBUTORS

Santa Clara
Zeus Components ..
2350 Scott Bivd., Bidg. 64
Santa Clara, CA 95051
wa 910-338-2121

Sunn
SV Weathertord (408) 738-8694
1310 Kiler Rd, Sunnyale. CA 94086
TWC 910-335-951

COLOR

Engluwood
RV. Weatherford .. . oy T10-9762
8515 East Orchard Rd., Englewood, CO 8011
TWX: 910-935-0151

CONNECTICUT

Orange
Milgray . (203) 795-0711
o Boslon Post Rd. Orange, CT 06477

thlel Ptrl(

(408) 727-0714

igray - (305) 647-5747
250! Lee Foad, Ste. 104, Winter Park, FL 32783

. (800) 241-5523
Ianla GA 30338

Advent Electronics, Inc.
7110-16 N. Lyndon St,, Rosemonl IL 60018

INDIANA

Indianapolis
Advent Electronics, Inc
8446 Moller Rd., Indianapolis, ID 46268

(312) 297-6200

..... (317) 872-4910

IOWA
Cedar Rapids
Advent Elaclwmcs‘ Inc. . . (313) 363-0221
682 58th Ave., CT. SW., Cedar Raplds 1A 52404
ANSAS
Overland Park
- (913) 236-8800
verland Park, KS 66202

Milgray ..........
6901 West 63rd St

MARYLAND

Rockville

Milgra, . (800 638-6656

11820 Parklawn Dr., Rockville, MD 20852

MASSACHUSETTS

Burlington

(617) 272-6800
ton, MA 01803

Zeus Components . (617) 273-0705
25 Adams St. Burllnglnn MA 01803
TWX: 710-332-07
MICHIGAN
Farmington Hills
‘Agvent Electronics, Inc.
24713 Crestview Ct
Farminglon Hils, M 48018
NEW JERSEY
Marlton
Milgray ....................... (800) 257-7111
3002 Greentree Executive Campus
Marlton, NJ 08053

...... (313) 477-1650

NEW MEXICO
Ibuquerque
Alllance Electronics, Inc. ...... (505) 292-3360
11030 Cochiti S.E., Albuquerque, NM 87123
TWX: 910-989-1151

NEW YORK

Butfalo
Summit Distributors .
916 Main St, Buffalo, NY 14202
TWX: 710-522-1692

Freeport
Mllg .
191 Hanse Ave., Freeport
TWX: 510-225-3673

Port Chester
Zeus Components (914) 937-7400
100 Midland Ave., Port Chester, 10573
T‘gx 710-567-1248

(716) 887-2800

(212) 738-3100
1520

Cltnland
Milgray . (216) 447-1520
6155 Rocl OH 44131
TEXAS
Dallas
R.V. Weatherforc (214) 931-7333

4658 Sunbelt Dr Dalas, TX 75248
TWX: 910-860-5544
Dallas
Zeus Components . (214) 783-7010
HOOGOIGI;:IK Ste. 250, Dallas. TX 75240
TWX: 910-867-0:

.. (713) 688-7406
louston, TX 77018

VIASNINGVON

R V. Wealheﬂovd - (206) 575-1340
541 Industry Dr,, Seattle, WA 98188
TWX: 910-444-2270

HUGHES INTERNATIONAL REPRESENTATIVES & DISTRIBUTORS

FRANCE
Data Dis
10-12 Rue Emlle Landrin
92100 Boulogne, France
TWX: 201905
Int Sermiconductor Corp. (SC) - (01)506 4275
28, Rue De La Processior
F-62150 Surssnes, France

GERMANY
Astronic GMBH .
Winzererstr 47d

8000 Munchen 40, Germany
Telex: 5216187 Astrd
Altantik Elektronik GMBH. ...
Fraunhoferstr, 11A
D-8033 Martinsried, Germany
TWX: 5215111

ISRAEL
MLRN Electronics .. .
15 Kineret St. Bnei Bvak Israel
TWX: 342107 RNIS IL

(1) 605 60 00

. 089/309031

(089) 857 20 86

. (03708174

ITALY
CefraSRL ..........coooe.. (02) 235264
Via G. Pascoli 60
20133 Milano, Italy
TWX: 31‘5‘3 CEFRA|

NETHERLA!
Koning En Hanman Elek, BV. ... (070)21 0101
30 Koperwerf, NL — 2544 En, the Hague
Netherlands
THX 31528 KOHA

NORWAY
Henaco A/S .
Trondheimsveien 436
Ammerud, OSLO 9, Norway
TWX: 76716

SPAIN
Anatronic, SA.
Avenida De Valladolid, 27
Madri — 8, Sp.

TWX: 47397

.. (02)1621 10

.. (01)24244 55

251

SWEDEN
Allhabo Elektronic
Alstroemergatan 29, Box 49044
$-100 28 Stockhoim, Sweden
Telex: 19015 Allhabo S
SWITZERLAND

. 08-5407 00

Abelec AG
Landstras:
TWX: 59834 ORBT CH

ASIA

HONG KONG
Tektron Electronics Ltd. ............ 3-856199
1702 Bank Center, 636 Nathan Road
Kowloon, Hong Kong

_ Telex 38513 Tekhl

NDIA
Kryonix . 63805
Kowdar Trwanarum 695003, South india

X: 8 84-307 K

(01) 730 04 55
, Switzerland

Richardson
Sundance Sales
1701 Noﬂh Greenwl le,

Statfor
Sunda ce Sales - (713) 499-9671

620 F.M. 1092, Sle 206., S|a"ovd TX 77477

WASHINGTDN

. (214) 639-0451
rdson, TX 78071

Belle:
NR. Schullz Co.
300 120th Ave NE Bldg. 4, Ste. 210
Bellevue, Wi

WISCONSIN

Milwaukee
Carlson Electronic Sales Co. .. (414) 476-2790
10701 West North Ave., Milwaukee, Wi 53226

CANADA

ONTARIO
Missis:
Vitel Elecuomcs s
5945 Airport Rd., Ste.
Mississauga, Ontario LdV 1R9

06) 454-0300

. (416) 676-9720

CANADA
ALEERTA

Calg:
Fuurs Electronics . (403) 259-6408
5809 MacLeod Trail South, Unit 103
Calgary. Alberta T2H 0J9
TWX: 610-821-1927

BRITISH COLUMBIA

Vancouver

Future Electronics (604) 438-5545
3070 Kingsway, Vancouver, B.C. VSR 5.7
TWX: 610-922-1668

ONTARIO

Future Electronics

4800 Dufferin St Do

TWX: 610-491-1470
ONTARIO

- (416) 663-5563
. Ontario M3H 558

Ottawa
Fu'me Electronics .
Baxler Centre, 1050 Baxter Ad.
Ottawa, Ontario K2C 3P2
TWX: 610-563-1697
QUEBEC

. (613) 820-8313

Pointe-Claire
Future Electronics ... . (514)694-7710
237 Hymus Blvd.
Pointe-Claire, Quebec HIR 5C7
TWX: 610-421-3251

PAN
Nihon Teksel Co., Ltd, .......... (03) 461-5121
Kyoshin Bldg. 13-14, Sakuragaoka-Machi
Shibuya-Ku Tokyo 150, Japan
TWX: J23723 Teksel
SINGAPORE
Taiga Electronics PTE LTD.
171 Tras Street
06-177 Union Buiking
Singapore 02
Toler: Talga ez2rs
TAIW)
Wiech International ......... (02) 769-1225
977 Min Shen E. Foad
Taipei, 105 Tai
Teloe 25755 Mt 9362 Mltic

AUSTRALIA
Computer Components ...... 61(02) 8683614
70A Rawson St, Epping NSW 2121, Australia
TWX: AAT1207 Compco
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Hughes Solid State Products

500 Superior Avenue

Newport Beach, CA 92663
Telephone: (714) 759-2942

TWX: 910-596-1374/HACSSPD NPBH

Sales Offices:

In Europe: Hughes Solid State Products
Hughes International Service Co.
Schmaedel Str. 22, 8000 Munich, Germany
Telephone: 49-89-834.7088

Telex: 5213856/HSPD

Hughes Solid State Products
59 Glover Avenue

Suite 21

Norwalk, Connecticut 06850
Telephone: (203) 846-7780
Telex: HUGHES AIR NLK

SOLID STATE PRODUCTS

HUGHES AIRCRAFT COMPANY

Printed in U.S.A. 2/84 Supercedes Previous Data




