
































































































































































































































































































































































D. Receiver Operation 

The receive operation begins when a Start bit (logic low) is detected at the Serial Data In (SDI) input. When a 
high-to-Iow transition is detected on the SDI line a divide by 16 internal counter is enabled, driven by the R 
Clock input, and a valid Start bit is verified by checking for a low level input 7% receiver clock periods later. This ' 
prevents false triggering on noise inputs. When a valid Start bit is verified, the sampling occurs every subsequent 
16 clock pulses to shift in data bits, parity bit (if programmed) and stop bit(s) into the Receiver Shift Register. If 
programmed, the parity bit is checked and the Parity Error (PE) status updated. The receipt of a valid Stop bit is 
also verified and Framing Error (FE) status updated. On count 7Y2 of the first Stop bit the received data is 
transferred to the Receiver Holding Register. If the word length is less than 8 bits, zeroes (low voltage level) are I 

loaded into the unused most significant bits. If the Data Available (DA) flag has not been reset by the time the 
Receiver Holding Register is updated with new data, the Overrun Error (OE) flag is activated to a high level. One I 

half clock after the data transfer the Parity Error (PE) and Framing Error (FE) signals become valid for the I. 
character in the Receiver Holding Register. The DA signal is also raised at this time. The three-state output 
drivers for the status and error flags (DA, OE, PE and FE) are enabled when Status Flag Disconnect (SFD) is 
pulsed or hard wired to a low voltage state. When Receiver Register Disconnect (RRD) goes low, the receiver 
bus three-state output drivers are enabled and data is available on the Receiver Bus (R BUS 0 - R BUS 7) output 
lines. The DA flag is reset by a negative pulse on the Data Available Reset (DAR) input. 

The preceding sequence of operations is repeated for each serial character received. The receiver timing , 
diagram is shown in Figure 4. 

DYNAMIC ELECTRICAL CHARACTERISTICS alTA = -4010+ 85°C, VDD±50/0, Ir, If = 20ns, VIH =0.7 VDD, 
VIL = 0.3 VDD, CL = 100 pF. See Fig. 4. 
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I . .' ....... 

•..•. <....... •..••..•.•• '. .•. • ••.. I. '.',. <Ty\?l .. ·f .... •....• . 
Receiver Timing - MODE 0 

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 - -

Data Available Reset tDD 5 50 75 50 75 ns 
10 25 40 - -

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

Propagation Delay Time: 
Data Available Reset to tDDA 5 150 225 150 225 ns 
Data Available 10 75 125 - -

Clock to Data Valid tCDV 5 225 325 225 325 ns 
10 110 175 - -

Clock to Data Available tCDA 5 225 325 225 325 ns 
10 110 175 - -

Clock to Overrun Error tCOE 5 210 300 210 300 ns 
10 100 150 - -

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 - -

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

TABLE 3 
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~ CLOCK 71/2 

~tCCt- , SAMPLE CLOCK 7112 LOAD HOLDING REGISTER 
ICH ~ Cl L- _________ \...... ___ _ 

RCLOCK 1 2 3 4 5 6 7 ~ 
-J ~tDC* 1 : 

SDI---, START BIT PARITYIP STOP BIT I : ! 

RBUSO_::::::::::::::::::::::::::::::::::::::::~~lj::~tCDV 
R BUS 7 : : c::. 

I I 

DA---------!C=======================t't'~= I I II 
--J f--tDDA "A t- tCDA 

DAR----------r\----------r-------------------~:~:-----

t----tDD---i tCOE-j ::-
OE**------------------------------------------~:~r==::---­

tCPE_ i­
PE------------------------------------------~:r_~r::--

tCFEi t= 
FE----------------------------------------~~-----

H 1854A/1854AC 

* IF A START BIT OCCURS AT A TIME LESS THAN tDC 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. 

** 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. 

FIGURE 4. MODE 0 RECEIVER TIMING DIAGRAM 

SIGNAL DESCRIPTION (Standard Mode 0) 
Terminal 
No. Signal 

1 VDD 

2 Mode Select (Mode) 

3 VSS 

4 Receiver Register 
Disconnect (RRD) 

5-12 Receiver Bus 
(R BUS 0 - R BUS 7) 

13 Parity Error (PE) 

14 Framing Error (FE) 

15 Overrun Error (OE) 

16 Status Flag 
Disconnect (SFD) 

17 Receiver Clock 
(R Clock) 

18 Data Available 
Reset (DAR) 

19 Data Available (DA) 

Function 

Positive supply 

A low level voltage at this input selects Standard Mode 0 Operation. 

Ground 

A high-level voltage applied to this input disconnects the Receiver Holding Register 
from the Receiver Bus. 

Receiver parallel data outputs. R BUS 7 is the most significant bit. 

A high-level voltage at this output indicates 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. 

A high-level voltage atthis output indicates thatthe 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 output is 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. 

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. 

A high-level voltage applied to this input disables the 3-state output drivers for PE, FE, 
OE, DA, and THRE, allowing these status outputs to be bus connected. 

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

A low-level voltage applied to this input resets the DA flip-flop. 

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 

Serial Data Input 
(SOl) 

Master Reset (MR) 

Transmitter Holding 
Register Empty (THRE) 

Transmitter Holding 
Register Load (THRL) 

Transmitter Shift 
Register Empty (TSRE) 

Serial Data 
Output (SDO) 

Transmitter Bus 
(T BUS 0 - T BUS 7) 

Control Register 
Load (CRL) 

Parity Inhibit (PI) 

Stop Bit 
Select (SBS) 

Word Length 
Select 2 (WLS2) 

Word Length 
Select 1 (WLS1) 

Even Parity 
Enable (EPE) 

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

A high-level voltage atthis 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 Register has 
transferred its contents to the Transmitter Shift Register and may be reloaded with a new 
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 oltransmission is defined as the transition olthe 
start bit from a high-level to a low-level output voltage. 

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

A high-level voltage atthis 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. 

40 Transmitter Clock Clock input with a frequency 16 times the desired transmitter shift rate. 
(T Clock) 

FUNCTIONAL DIAGRAM (1802 Compatible - Mode 1) 
~ 

TRANSMITTER SECTION g ~ 
U RECEIVER SECTION 

MODE (VDD) TO TERM 2 d Ie/) 10') 

CLEAR TO TEAM 21 f-!~ 10 
g 
l) 

40 24 39 

SDO 

25 

TRANSMITTER BUS * RECEIVER BUS * 
{26,-~3} (5-12) 

: :... ------ ---------- -- -- - -- - -- - -*-- -------- --- -- -- - --- - - - ---- ---..! : 
'- - --*-U~-E~-I~~~;~~N-N-E~~ - - - ----- -: :- - - - - - - - - - - - ------ - -- - - --- -- ----" 
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MODE 1 OPERATION (MODE INPUT = VDD) 

A. Initialization and Controls 

H 1854A11854AC 

In the 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 IWrite (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. The 110 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.CS 2 .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 ofthese 
bits are also available at separate terminals as indicated in the mode 1 block diagram. 

B. Transmitter Operation 

Before transmitting, the Transmit Request (TR) bit in the Control Register must be set. This is done by executi ng 
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 it inhibits changing ofthe other control bits. Therefore, two loads are required: one to format the 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 ;cs2.cS 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-Iow edge of the clock which occurs at 
least 1/2 clock period after the TPB trailing edge. Transmission of the start bit occurs 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. 

179 



I 

I 

One transmitter clock period after the Transmitter Shift Register is loaded the THRE signal goes to a low and the 
interrupt is asserted (INT goes low). The next character to be transmitted can then be loaded into the Transmitter 
Hold ing Register and its Start bit will immediately follow the last Stop bit of the previous character. This cycle is i 

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 = O. 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** 
REGISTER lOADED 

REGISTER lOADED -1 r-tcc 
TCLOCK ..1"1..f"t, )11 2 _ 131 14 5 6 7 ~ 

tTC i- I I --. r-r- tCH --I t---tCD I 
WRITEt ---I.::i i I tCl --< i- I" 
(TPB) ,tTT, I' ., 

tTT'H==I t--~I r-- tCTH I 

THRE~ : 
--' I--tCD I 

SDO ' I /lST DATA BIT 

* 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 + tCD Later. 
t Write is the Overlap of TPS, CS 1 and CS 3 = 1 and CS 3, RDIWR = o. 

FIGURE 5. TRANSMITTER TIMING DIAGRAM - MODE 1 

DYNAMIC ELECTRICAL CHARACTERISTICS al TA = - 40 10 + 85°C, VDD ± 5%, Ir, If = 20 ns, VIH = 0.7 VDD, 
VIL = 0.3 VDD, 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 tTT 5 100 150 100 150 ns 
10 50 75 

Minimum Setup Time: ITc 5 175 225 175 225 ns 
TPBto Clock 10 90 150 

Propagation Delay Time: tCD 5 300 450 300 450 ns 
Clock to Data Start Bit 10 150 225 

TPBto THRE ITTH 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: ITT 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 tow 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 two 5 75 125 75 125 ns 
10 40 60 

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

TPB*--------------------~---IR-S-W-~~I ~~!tw--R-S-~------
RSEL -------------------.X ; 'c:::= 

f-- lOW ------i ~ two I--
T BUS 0 -------------.'X ' v---
T BUS 7 . . I "--­

I 

~ 
I 

);;fl//V/0?/ 
* WRITE IS THE OVERLAP OF TPB, CS 1, CS 3 = 1 AND CS 2, RO/WR = O. 

FIGURE 6. MODE 1 CPU INTERFACE (WRITE) TIMING DIAGRAM 

H 1854A/1854AC 

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-Iow transition on the SDlline, a valid START bit is verified by checking for a low level input 71/2 
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 (at clock pulse 
71/2). On count 71/2 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 bit is 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 1.CS 2 .CS 3 = 1) and RD/WR is 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. 

---J tee I--
CLOCK 7V2 LOAD HOLDING REGISTER ----I !+tCH 

teL~ ~ 8 

R CLOCK 1,1 I 
-t t--IOC* I 

SOl ----i START BIT PARITY Il-P--"-ST-O--P-B-IT--1 -------------+I-ilf--
I I I 

I-ITOA~ ICOA-1 t--

OA--------~I----~j~--------------------------------_7~i-\~­
I 

REAO**---LI-----ilr.-~---------\~--------------------------_+_il---=+j ITT I--- I I 

TPB-----~r--1~----------------------~ ~E 
OEt r==-

ICPE-I 1-­
PEt-------------------------------~I~;=---I 

ICFEi E 
FE------------------------------------------------~~-----

* IF A START BIT OCCURS AT A TIME LESS THAN tDC 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 = 1 and CS 2 = O. 
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. 

tOE 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 atTA =- 4010 + 85°C, VDD ±5%, Ir, If = 20 ns, VIH = 0.7 VDD, 
VIL = 0.3 VDD, CL = 100 pF, See Figs. 7 and 8. 

""~(Li~ii2Y"'~~i~fll\i;'ft~liE'fX';'_ t~( I~~ •. .....<..rx·.: '; 
F" .?:c·.···5,·7:·~£,j:,}·.·2/ I,;; •••.•... ....;.;~'.;y I .•.•. '. <'0., ~;'·.t ';~';'.li;: . 

Receiver Timing - MODE 1 

Minimum Clock Period tcc 5 - 250 310 - 250 
10 - 125 155 - -

Minimum Pulse Width: tCl 5 - 100 125 - 100 
Clock Low level 10 - 75 100 - -
Clock High level tCH 5 - 100 125 - 100 

10 - 75 100 - -

TPB tTT 5 - 100 150 - 100 
10 - 50 75 - -

Minimum Setup Time: tDC 5 - 100 150 - 100 
Data Start Bit to Clock 10 - 50 75 - -

Propagation Delay Time: tTDA 5 - 220 325 - 220 
TPB to DATA AVAilABLE 10 - 110 175 - -
Clock to DATA AVAilABLE tCDA 5 - 220 325 - 220 

10 - 110 175 - -

Clock to Overrun Error tCOE 5 - 210 300 - 210 
10 - 105 150 - -

Clock to Parity Error tCPE 5 - 240 375 - 240 
10 - 120 175 - -

Clock to Framing Error tCFE 5 - 200 300 - 200 
10 - 100 150 - -

CPU Interface - READ Timing - MODE 1 

Minimum Pulse Width: tTT 5 - 100 150 - 100 
TPB 10 - 50 75 - -

Minimum Setup Time: tRST 5 - 50 75 - 50 
RSEl to TPB 10 - 25 40 - -

Minimum Hold Time: tTRS 5 - 50 75 - 50 
RSEl after TPB 10 - 25 40 - -

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

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

RSEL to Data Valid Time tRSDV 5 - 150 225 - 150 
10 - 75 125 - -

Hold Time: tRDM 5 50 150 - 50 150 
Data after Read 10 25 75 - - -

NOTE1: Typical values are for TA = + 25°C and nominal voltages. 
NOTE 2: Maximum limits of minimum characteristics are the values above which all devices function. 

\ _____ tTT~ 
TPB ________________________ ~I I~-------------

l ____ tRsT_\ !-tTRs-i 
RSEL-------------------X I y----------

_I tRSDV I-- : 

RBusa ·---------:-,~~===tl =)r--------
R BUS 7 -l tRDDA ~)- "I 
RO/vilR* f-tRDV---1 N -: tRDH r--
CS1.CS3~ ~ 

* Read IS the Overlap oj CS 1, CS 3. RDfv'lR co 1 and CS 2 = 0 

I 
~ 

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

7 6 543 2 o Bit 

Signal TR I BREAK I IE I WLS2 I WLS1 SBS EPE PI 

Bit 

o 

2 

3 

4 

5 

6 

7 

Signal 

Parity Inhibit (PI) 

Even Parity 
Enable (EPE) 

Stop Bit 
Select (SBS) 

Word Length 
Select 1 (WLS1) 

Word Length 
Select 2 (WLS2) 

Interrupt Enable (IE) 

Transmit Break 
(Break) 

Transmit Request (TR) 

D. Peripheral Interface 

Function 

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. 

When set high, even parity is generated by the transmitter and checked by the receiver. 
When low, odd parity is selected. 

See table below. 

See table below. 

See table below. 

Bit4 
WLS2 

o 
o 
o 
o 

Bit 3 
WLS1 

o 
o 

1 
o 
o 

Bit 2 
SBS 

o 
1 
o 
1 
o 
1 
o 
1 

Function 
5 data bits, 1 stop bit 
5 data bits, 1.5 stop bits 
6 data bits, 1 stop bit 
6 data bits, 2 stop bits 
7 data bits, 1 stop bit 
7 data bits, 2 stop bits 
8 data bits, 1 stop bit 
8 data bits, 2 stop bits 

When set high THRE, OA, THRE.TSRE, CTS, and PSI interrupts are enabled (see 
interrupt Conditions, Table 5 

Holds SOO in a spacing (low) condition when set. Once the break bit in the control 
register has been set high, SOO 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 SOO is already low. 
SOO can be set high without intermediate transitions by transmitting a word 
consisting of zeros. 

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.) 

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 thatthe peripheral is ready. The External Status (ES) input latches a peripheral 
status level, and the Peripheral Status Interrupt (PSi) input senses a status change edge (high-to-Iow) and also 
generates an interrupt. For example, the modem Data Carrier Detect line could be connected to the PSI input 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 

Signal 
7 6 

THRE I TSRE 
Also Available 22* 
alTerminal 

5 
PSI 

*Polarity reversed at output terminal. 

4 
ES 
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3 2 o 
FE PE OE OA 

14 15 15 19* 



Bit 

o 

2 

3 

4 

5 

6 

7 

Signal 

Data Available (OA) 

Overrun Error (OE) 

Parity Error (PE) 

Framing Error (FE) 

External Status (ES) 

Peripheral Status 
Interrupt (PSI) 

Transmitter Shift 
Register Empty (TSRE) 

Transmitter Holding 
Register Empty (THRE) 

INTERRUPT CONDITIONS 

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 atTerm. 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 bit indicates 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 bit is 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-Iow voltage transition at Term. 37 (PSI). The Interrupt 
output (Term. 13) is also asserted (lNT = 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 
(I NT = low), if TR is high. 

Read of data TPB leading edge 

Read of status or TPB leading edge 
write of character 

Read of status or TPB leading edge 
write of character 

Read of status TPB trailing edge 

Read of status TPB leading edge 

* Interrupts will occur only after the IE bit in the Control Register has been set 
• THRE 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 

VOO 

2 Mode Select (Mode) 

3 VSS 

4 Chip Select 2 (CS 2) 

5-12 Receiver Bus 
(R BUS 0 - R BUS 7) 

13 Interrupt (INT) 

Function 

Positive supply 

A high-level voltage at this input selects the 1802 Mode of operation. 

Ground 

A low-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 Framing Error (FE) 

15 Parity Error or 
Overrun Error (PE/OE) 

16 Register Select (RSEL) 

17 Receiver Clock 
(R Clock) 

18 TPB 

19 Data Available (DA) 

20 Serial Data In 
(SOl) 

21 Clear (Clear) 

22 Transmitter Holding 
Register Empty (THRE) 

23 Chip Select 1 
(CS 1) 

24 Request To Send 
(RTS) 

25 Serial Data 
Outupt (SDO) 

26-33 Transmitter Bus 
(T BUS 0 - T BUS 7) 

34 Read/Write (RD/WR) 

35 Chip Select 3 
(CS3) 

36 No Connection 

37 Peripheral Status 
I nterru pt (PSI) 

38 External Status (ES) 

39 Clear To Send 
(CTS) 

40 Transmitter Clock 
(T Clock) 

H 1854A/1854AC 

A high-level voltageatthis output indicates thatthe 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 output signal 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 oftransmission is defined as the transition ofthe start bitfrom 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 anEl CS 2 selects the UART. 

A high-to-Iow transition on this input line sets a bit in 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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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/O 
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 

• Interfaces directly to 1802A 
microprocessor without additional 
components. 

• Easy interface to general 8 bit 
microprocessors. 

• Low power dissipation 

• Single non-critical voltage supply 

SYSTEM INTERCONNECT 
Typical 1800 System with 1855 

• Cascadable up to 4 units for 32 bit by 32 
bit multiply or 64 -:- 32 bit divide 

• 8 bit by 8 bit multiply of 16 -:- 8 bit divide 
in 5 jJS at 5V or 2.5 jJS at 10V typical 

• Significantly increased throughput of jJp 
used for arithmetic calculations. 

PIN CONFIGURATION 

CLEAR-~--------' 

WAIT CE VDD 
CLEAR CN<l> 

Cll CN1 
MA MA C.O.lD.F: CI 

ADDR BUS ADDR BUS Yl YR 
Zl ZR 

TPA TPA SHIFT BUS 7 

ClK BUS 6 
SlE BUS 5 

ROM RAM 

RD/WE BUS 4 
MRD MRD RA2 BUS 3 

CEO MWR 
RA 1 BUS 2 
RA<l> BUS 1 
Vss BUS<l> 
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ABSOLUTE MAXIMUM RATINGS 
DC Supply-Voltage Range, (VCC, VDD) 

(All Voltage Values referenced to VSS Terminal) 
VCC :sVDD: 
1855 .............................. -0.5 to + 13 Volts 
1855C ........................... -0.5 to + 7 Volts 

Input Voltage Range, all inputs ........ -0.5 to VDD + 0.5 Volts 
DC Input Current, anyone input ...... :!:. 10mA 
Operating-Temperature Range (T A) 

Plastic Package .................. , -40 to + 85°C 
Ceramic Package ................. -55 to + 125 ° C 

Storage Temperature Range (T stg) .... -65 to + 150°C 

OPERATING CONDITIONS at TA = Full Package Range 

Input Voltage Range 

STATIC ELECTRICAL CHARACTERISTICS at TA = - 40 to + 85°. 

Quiescent Device 0,5 5 0.01 

Current, 100 0,10 10 

Output Low (Sink) 0.4 0,5 5 1.6 3.2 

Current, IOL 0.5 0,10 10 2.6 5.2 

Output High (Source) 4.6 0,5 5 1.15 2.3 

Current, IOH 9.5 0,10 10 2.6 5.2 

Output Voltage 0,5 5 ° Low-Level, VOL 2 0,10 10 ° Output Voltage 0,5 5 4.9 5 

High-level, VOH2 0,10 10 9.9 10 

Input Low 0.5,4.5 5 

Voltage, VIL 0.5,9.5 10 

Input High 0.5,4.5 5 3.5 

Voltage, VIH 0.5,9.5 10 7 

Input Current, 0,5 5 ~10-4 

liN 0, 10 10 ~ 10-4 

3-State Output Leakage 0,5 0,5 5 

Current, lOUT 0,10 0,10 10 

Operating Current, 0,5 5 2 

1003 0,10 10 4 

Input Capacitance, 
CIN 

5 

Output Capacitance, 
COUT 

10 

Notes: 1. Typical values are to TA = + 25°C and nominal Voltage. 
2. IOL = 1 ~A. 
3. Operating current measured in a 1802A at 2 MHz with outputs floating. 

188 

50 

200 

0.1 

0.1 

1.5 

3 

~1 

~1 

~15 

+15 

5 

10 

7.5 

15 

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 I 

reliability. 

V 

0.Q2 200 
~A 

1.6 3.2 

mA 
1.15 2.3 

° 0.1 

4.9 5 

V 
1.5 

3.5 

~10-4 + 1 

~A 
~15 

2 5 mA 

5 7.5 
pF 

15 



H 1855/1855C 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to + 85°C, VDD! 5% tr, tf = 20n5, VIH = 0.7 VDD, 
VIL = 0.3 VDD, CL = 100 pF (See Timing Diagram) 

I LIMITS I 
CHARACTERISTICS' SYMBOL VDD I 1855 I 18SSC I UNITS 

(V) I Min. I Typ.2 Max. I Min. Typ.2 I Max. I 
WRITE CYCLE 

Minimum Clear Pulse Width 'ClR 
5 50 75 50 75 

10 25 40 

Minimum Write Pulse Width 'ww 
5 150 225 150 225 

10 75 115 

Minimum Data~ln Setup tosu 
5 75 a 75 a 
10 40 a ns 

Minimum DalaMln Hold 
5 50 75 50 75 

'OH 
10 25 40 

Minimum Address to Write Setup tASU 
5 50 75 50 75 

10 25 40 

Minimum Address after Write Hold 'AH 
5 50 75 50 75 

10 25 40 -
READ CYCLE 

CE to Data Out Active 
5 200 300 200 300 

'COO 
10 100 150 

CE to Data Access 'CA 
5 300 450 300 450 

10 150 225 

Address to Data Access 'AA 
5 300 450 300 450 

10 150 225 

Data Out Hold After CE IOOH 
5 50 150 225 50 150 225 

10 25 75 115 

Data Out Hold After Read 'DOH 
5 50 150 225 50 150 225 ns 
10 25 75 115 

Read to Data Out Active tROD 
5 200 300 200 300 

10 100 150 

Read to Data Access 
5 200 300 200 300 

'RA 
10 100 150 

Strobe to Data Access 'SA 
5 50 200 300 50 200 300 

10 25 100 150 

Minimum Strobe Width 'SW 
5 150 225 150 225 

10 75 115 

OPERATION TIMING 

Maximum Clock Frequency3 
5 3 4 3 4 

'CF 
10 6 8 MHz 

Maximum Shift Frequency 5 1.5 2 - 1.5 2 -

(1 Device)4 'SF 10 3 4 - -

Minimum Clock Width 'ClKO 5 100 150 100 150 ns 
'elKl 10 - 50 75 - -

Minimum Clock Period 
5 250 333 250 333 

'ClK 
10 125 167 

Clock to Shift Prop. Delay tCSH 
5 200 300 200 300 

10 - 100 150 -

Minimum Col. to Shift Setup 'SU 
5 50 67 50 67 

10 - 25 33 - -

C.O. from Shift Prog. Delay tpLH 5 450 600 450 600 

tpHL 10 - 225 300 - - -

Minimum C.I. from Shift Hold 
5 50 75 50 75 

'H 
10 25 40 ns 

Minimum Register Input Setup 
5 20 10 20 10 

'SU 
10 - -10 10 - - -

Register after Shift Prop. Delay tpLH 5 400 600 400 600 

tpHL 10 200 300 

Minimum Register after Shift Hold 'H 
5 50 100 50 100 

10 25 50 

C.O. from C.I. Prop. Delay tpLH 5 100 150 100 150 

'PHL 10 50 75 

Register from C.I. Prop. Delay tpLH 5 80 120 80 120 

tpHL 10 40 60 

Notes: 
1. Maximum limits of minimum characteristics are the values above which all devices function. 
2. Typical values are for T A = + 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. 
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FUNCTIONAL DIAGRAM 

CL OCK 
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CN1 

@ 
CN<t> 

27 

CE 
1 
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SELECT CONTROL 
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TIMING DIAGRAMS H 1855/1855C 

Write Timing And Operation Timing 

::l 1= tCLR 
CLEAR ~~----------------------------------------------

CE 
---"II 

RD/WE 
----~~--~~-----------------------------------

STB 
----........ "1 

tAH 

I~L~ tc~~K;~ .~~LKOj 1 2 ~ 
SHIFT (PRESCALER OFF)~ 

tCSH 

tsu 

Read Timing 

CE--........ ' 
~ 
I~----

I 
RD/WE -------i-----------------\ .... __ --I1'r-----:--------ADVANCE . 

. SEQUENCE 
COUNTER 

tsw 
STB--------~~ I 

I 1 

RAO-2~ : ~--------~,---,----~------~I-.--.~I-t-D-oH 
---:-:tS~A~__t--i~--:'t_..Jj-i-tAA t--t-tDOH I I 

DOUT----.;...~CCJ. ~: ~ :O-.:-i __ }-
tCDO-l 1--1 I 1 tRDO-l t--I I 

HtCA I •• 1 ~~: 
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CONTROL TRUTH TABLE 

1 
o 
o 
1 
1 
X 

o 
1 
o 
1 
o 

o 
1 
X 

1 
o 

NO ACTION (BUS FLOATS) 
NO ACTION (BUS FLOATS) 
X TO BUS} INCREMENT SEQUENCE 
Z TO BUS COUNTER WHEN 
Y TO BUS STB AND RD = 1 

ATUSTO BUS 
LOAD X FROM BUS \ INCREMENT 
LOAD Z FROM BUS SEQUENCE 
LOAD Y FROM BUS COUNTER 
LOAD CONTROL REGISTER 
NO ACTION (BUS FLOATS) 

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

REGISTER BIT ASSIGNMENT CONTROL/REGISTER BIT ASSIGNMENT 

0= Clock 
frequency 

1 = Select 
option* 

1 = Reset 
sequence 
counters 

*Select shift rate option: 

00 = Four 1855's 

01 = Three 1855's 

10 = Two 1855's 

11 = One 1855 

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 REGISJER BIT ASSIGNMENT 

I 
BIT 7 6 5 

Output 0 0 0 

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

1 = Reset Y 1 = Reset Z 
register register 

4 3 

0 0 
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00 = No Operation 
(except reset controls) 

01 = Multiply 

10 = Divide 

11 = Invalid State 

0 

0 O.F. 



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 O-RA 1) provided to select the appropriate register for loading or reading. The RD/WE 
and STB lines 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 l855, 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 must be 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 shift frequency 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 (Z) + (Y) 9(Y) (Z); (X) unchanged 

The two numbers to be multiplied are loaded in the X and Z registers. The result will be in the Yand 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. III 

C. Divide Operation: 

(Y) (Z) 9 (Z) = quotient, (Y) = remainder; C.O./O.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 half in the Y register and less significant half in the Z register. The X register will be unaltered by the I 

operation. The quotient will be in the Z register while the remainder will be in the Y register. An overflow will be I 

indicated by the C.O./O.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 1/0 mode (N lines connected to R inputs). 

F<I>E116 X 2D3C16 Multiply Divide B4A5968516 

I 
4F3<1>16 

LDI #1<1><1> 

} 
LDI #q,<I> 

PLO R2 R2 = 1<1><1><1> PLO R2 R2 =2'<1><1><1> 
LDI#1<1> LDI #2<1> 
PHIR2 PHIR2 
OUT 7, #60 Load control word with 2 MDUs and OUT 7, #60 load control word 

reset/sequence counters. OUT 6, #B4 } = Y register (Y) = BYA5 
OUT4,#F<I> Load MSB of X reg. OUT 6, #A5 
OUT 4,#E1 Load LSB of X reg. (X) = Fq;E1 OUT 5, #96 } = Z register (Z) = 9685 
OUT 5,#2D Load MSB of Z reg. OUT 5, #85 
OUT 5,#3C Load LSB of Z reg. (Z) = 2D3C OUT 4, #4F 

f = X register (X) = 4F3<1> OUT 7, #69 Load control word with 2 MDUs, reset y OUT 4, #30 
reg and seq counters and do multiply OUT7, #6A Load control word for divide function 
operation SEX R2 

SEX R2 INP 5; IRX Quotient for z register to memo 
INP 6; IRX 

} 
MSB of results from Y reg. to INP 5; IRX 2<1><1><1>,2<1><1>3 

INP 6; IRX Location 1<1><1><1> and 1<1><1>1 INP 6: IRX Remainder from y register to memo 
INP5; IRX LSB of result from Z reg. to INP 6: IRX 2'<1><1>2,2<1>4>3 
INP 5; IRX Location 1<1><1>2 and 1<1><1>3 
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APPLICATION 

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

DATA BUS 

ClOC 

I 8 
8 I 8 

'~ 
BUS R S C BUS R S C BUS R S C 

D T l vr D T l VDD D T l 
I B R I B R 

=-~ 
I B R 

IN IN 
CN1 'f CN1 E CN1 E 

CN<l> RA<l> 

=-~ 
CN<l> RA<l> CN<l> RA<l> 

K 

~ 
ClK RA1 ClK RA1 ClK RA1 f-
SHIFT RA2 SHIFT RA2 SHIFT RA2 r---

r- Yl YR Yl YR Yl YR -
Zl ZR Zl ZR Zl ZR 

OF a CO a CO a 

CE CTl CE CTl CE CTl 

MOST SIGNIFICANT lEAST SIGNIFICANT 

(8) Interfacing the 1855 to 8085 microprocessor as an I/O device. 

2 

8 

10 

9 

SS VDDCN<l>CN1 a 
YR 
Zl 

CTl 
1855 Yl 

MDU ZR 

BUS 7 
BUS6 

BUS5 
BUS4 

CLEAR 
BUS3 

ClK BUS2 

RD/WE BUS 1 

STB 

DATA 

BUS 

'---+------- A8 8085 SIGNAL 
'--_~ _________ A9 

'----+---~~-------IO/M 

'-----+------~-----WR 

'-.....l:>------ RD 
L-_______________ ClK(OUT) 

,--1---- RESET OUT 

1/4CD4011 
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SIGNAL DESCRIPTION 

CE - CHIP ENABLE (Input): 
A high on this pin enables the 1855 MDU to respond to the select lines. All cascaded MDUs must be enabled 
together. CE also controls the three state C.O./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): 
This is an input pin. All CTL pins must be wired together and tothe YL of the most significant 1855 MDU and I·· 
the ZR of the least significant 1855 MDU. This signal is used to indicate whether the registers are to be 

d I operate on or only shifted. I 

C.O./O.F. - Carry Out/Over Flow (Output): 
The three state 1855 Carry Out signal is connected to CI (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 
enable is true. A low on this pin indicates that an 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 - V-Left, V-Right: 
These are three state bi-directional pins for data transfer between the Y registers of cascaded 1855 MDUs. 
The YR pin in an output and YL is an input during a multiply and the reverse is true at all other times. The YL 
pin must be connected to the YR pin of the next more significant MDU. An exception is the YL pin of the most 
significant MDU must be connected to the ZR pin ofthe least significant MDU and the CTL pins of all MDU's. 
Also the YR pin of the least significant MDU is tied to the ZL pin of the most significant MDU. 

ZL, ZR - Z-Left, Z-Right: 
These are three state bi-directional pins for data transfers between the Z registers of cascaded MDUs. The 
ZR pin is an output and ZL is an input during a multiply and the reverse is true at all other times. the ZL pin , 
must be tied tothe YR pin of the next most significant MDU. An exception is the ZL 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 YL 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.lt provides the MDU system's timing pulses. All Shift pins must be connected together for cascaded i 

operation. A maximum 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 I/O devices; MWR is used if MDUs are addressed as memory devices. 
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SIGNAL DESCRIPTION, cont. H 1855/1855C 

RAq>, 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. It is identical to the CE pin, except only CE controls the tristate 
C.O. /O.F. on the most significant MOU.ln the 1802A systems use N lines if MOUs are used as I/O devices; 
use address lines or function of address lines if MOUs 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 ZL 

YR - V-Right: 
See signal YL 

CI-Carry-In (Input): 
This is an inputforthe carry from the next less significant MOU. On the least significant MOU, it must be high 
(VOO) on all others and connected to the CO pin of the next less significant MOU. 

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

VOO-V+: 
Power supply line. 
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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 output busses. The 1857 is intended for peripheral or I/O 
bus control while the 1856 is intended for memory bus control. The difference between the two 
devices is in the polarity of the input buffer forthe Memory Read (M RD) signal. This signal is inverted 
in the 1857, and enables the MRD signal to set the input mode in the 1856 orto set the output mode in 
the 1857. When MRD = VDD the output mode is set in the 1856 and the input mode is set in the 1857. 

The 1856 and 1857 operate over a 4-1 0.5 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 (0 suffix), plastic package (P suffix), cerdip (Y suffix) or lead less chip carrier (L suffix). 
Devices in chip form (H suffix) are available upon request. 

FEATURES 

• Static Silicon Gate CMOS Circuitry 
• Compatible with 1802A Microprocessor 

• Provides Non-inverted Bi-directional 
Buffered Data Transfer 

• Provides easy connection of Memory or 
I/O Devices to 1802A Microprocessor Bus 

• Chip Select for Simple System Expansion 
• Low Quiescent and Operating Power 

FUNCTIONAL DIAGRAM 

DIO------~------------~ 

DOO------~------r-~ 1---____ ........ -+-1.:...:4:...... DB 0 

DI1-------=~ ~r-~--------~ 

001------~------~< ~----........ _+-1-3_ DB 1 

DI2------~~ /~-r--------~ 

D02------~------r_-< 1---____ ........ -+-1.:...:2:...... DB 2 

D03------~------r_-< 
1---_______ -+---=.1..:..1 _ DB 3 

MRD 

15 
~--------------<~----< f---- CS 

*r--, 
~.~ 
~ L __ .J 

FOR 1857 

16=VDD 
8=VSS 
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PIN CONFIGURATION 

010 VDO 
01 1 CS 

DO 0 DB 0 
001 OB1 
DO 2 DB 2 
DO 3 DB 3 
012 MRO 
Vss ----. ________ ~- 013 



ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range (T A) 

Ceramic Package ..................... -55 to + 125°C 
Plastic Papkage ....................... -40 to + 85°C 

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

1856/18.57 ............................ -0.5 to+ 11 Volts 
1856C/1857C ......................... -0.5 to + 7 Volts 

Storage Temperature Range (T stg) .......... -65 to + 150°C 

OPERATING CONDITIONS at TA = Full Package Temperature Range 

Current,lL 

Output Low Drive 

(Sink) Current, I 

Output High Drive 

(Source) Current 10H 

Output Voltage 

Low Level VOL' 

Output Voltage 

High Level, VOH 

Input Low Voltage 

VIL 

Input High Voltage 

VIH 

Input Leakage 

Current, 

MRD or CS to DB, 

tEB 

01 to DB, 

DB to DO, 

tDB 

"Typical values are lor TA = +25°C and nominal voltage. NOTE 1: 10L = 10H = 1 "A 

NOTE: Stresses above those listed under I·· 
'"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. i 

Il A 

rnA 

rnA 

V 

V 

IlA 

ns 

ns 

ns 

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

CS----'i 

MRD*---"'\ 

DI 

TRANSFER TO BUS 

~IEB HIGH 

DB~~~~~~r_-_-_~-_-_-_-_-_-_~_~~IM~P~E~D~A~N~C~E 

a) Enable to DB Time 

CS~ \'-----
MRD*--.......,. 

\ ! 

"~~'''t: 
DB~IDDATA~ 

b) 01 to DB Time 

H 1856/1857 

TRANSFER FROM BUS 

MR:~-J-{-
DB ==x-+-_____ x::= 

HIG~tIED -l I-IBO HIGH 
DO IMPEDANCE IMPEDANCE 

a) Enable to DO Time 

CS--.-J! \'----

MRD*----J/ \'----

b) DB to DO Time 

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

APPLICATION 

7 

DB 3 
017 

DI6 

DI5 

014 

~ 

-+ 
~ 

-+ 

013 

DI2 

Dll 

010 

-TO-BUS ENABLE BUS 
DATA TRANS FER 

DIRECTION C aNTRal 

~ INVALID OR DON'T CARE CONDITION 

6 5 4 8 BIT BI-DIRECTIONAl BUS 3 

DB 2 DB 1 DBO W DB 3 
DO,3 D13-' DI 3 

D02~ D12-' DI2 
1856/1857 

DO 5 
DO 1 Dll-. Dll 

DO 0 DO 4 010-. DID 
--
MRD CS 

2 1 

DB 2 DB 1 

1856/1857 

--
CS MRD 

0 

DBO ~ 
DO 3 

DO 2 
DO 2 -

DO 1 
DO 1 

DOD DO 0 

DI 0-017 -INP UTS 
DO O-DO 7- OU TPUTS 

DIRECTIONAL 
S SIGNALS 

DB O-DB 7 - BI-
BU 

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/O 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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SYSTEM IN TERCONNECT 1802A MRD 

1 
NO, N1 or N2 MWR 

1 VDD 

(/) • CS 1857 
::J C:s 1856 MWR 8 4 In 4 8 

DO 0-00 3 to ~f:I:> 
DO 0-00 3 MEMORY 1/0 DB 3-DB 0 DB O-DB 3 8 4 4 8 SYSTEM 

010-013 010-013 
-- ...J 

MRD MRD ..: 
! z t 0 • i= + () 

4 MRD 1857 ~ MRD 1856 4 
000-003 ~ - ('-A'\ DO 0-DO 3 i-----"'-

4 DBO-DB3~ 9~DBO-DB3 4 
010-013 ffi 01 0-01 3 

CS I- CS 

f ffi 

VbD 
<Xl 

SIGNAL DESCRIPTIONS 
DB O-DB 3: These four bi-directional~als can be used as data outputs or receiver inputs 
depending on the logic polarity of the MRO input signal. Data is non-inverted. 

010-013: The four data inputs. They are enabled onto the corresponding' DB lines when Chip Select 
(CS) and the Memory Read (MRO ) signals are activated. 

DO 0-00 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 MRO controls the activation of the 1856 and 1857 as indicated 
in the table below. CS is active when it is a logic high (VOO). 

MRD : The Memory Read signal controls the direction of data flow when Chip Select is enabled. In 
the 1856, when MRO = 0, it enables the three state bus drivers (DB a-DB 3), and outputs data from the 
driver inputs (01 0-01 3) to the data bus. When MRO = 1, it disables the three-state bus drivers and 
enables the three-state data output drivers (DO 0-00 3), transferring data from the data bus to the 
data outputs. 

In the 1857, when MRO = 1 it enables the three-state bus drivers (DB a-DB 3) and transfers data from 
the driver inputs (010-013) onto the data bus. When MRO = 0, it disables the three-state bus drivers 
(DB a-DB 3) and enables the three-state data output drivers (DO a-DB 3), transferring data bus to 
the data outputs. 

1856 FUNCTION TABLE 1857 FUNCTION TABLE 
F or Memory Data Bus Separator Operation For 1/0 Bus Separator Operation 

CS MRD 
DATA BUS OUT DATA OUT 

DB O-DB 3 DO 0-00 3 CS MRD 
DATA BUS OUT DATA OUT 

DB O-DB 3 DO 0-00 3 

0 X 
HIGH HIGH 

IMPEDANCE IMPEDANCE 

1 0 DATA IN 
HIGH 

IMPEDANCE 

1 1 
HIGH 

DATA BUS IMPEDANCE 

0 X 
HIGH HIGH 

IMPEDANCE IMPEDANCE 

1 0 
HIGH 

DATA BUS 
IMPEDANCE 

-

1 1 DATA IN 
HIGH 

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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DESCRIPTION 

Hughes' 1858 and 1859 are 4-bit memory address latch/decoders which control4K bytes of 
memory. The 1858 provides chip select outputs to control up to 32 H18221 (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 O-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 lead less chip carrier (L 
suffix). Devices in chip form (H suffix) are available upon request. 

FEATURES 
• Static Silicon Gate CMOS Circuitry 
• Interfaces Directly with 1802A 

Microprocessor 
• Chip Enable pin allows easy expansion 

above 4K Bytes of Memory 
• Low Quiescent and Operating Power 

PIN CONFiGURATION 

CLOCK 

1858 
MA 1 

CS 0 

CS 1 

CS 2 

CS 3 

~ 
ENABLE 

MA 2 

MA 3 

CE 0 

CE1 
CE 2 

VSS ~ ___ ....o....~CE~ 

FUNCTIONAL DIAGRAM 

1858 

MA 2 

CLOCK 

MA 3 

-EN-A-BL-E 15 ")0-----------' 
8 = VSS 

CS 0 

CS 1 

CS 2 

CS 3 

CE 0 

CE1 

CE 2 

CE 3 

• Allows direct control of 4K bytes of 
memory 

• 1858 is designed for 256 x 4 Memory 
Configuration 

• 1859 is designed for 1024 x 1 Memory 
Configuration 

CLOCK 

1859 MA 0 

MA1 

A8 

A8 

A9 
A9 

vss 

VDD 

MA2 

MA 3 
CE'"6 
CE1 
CE 2 

---.. ____ ..--- CE 3 

1859 

MA2 

CLOCK 

MA3 

ENABLE 
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ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range (T A) 

Ceramic Package ................ -55 to + 125°C 
Plastic Package ................. -40 to + 85°C 

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

1858/1859 . ...................... -0.5 to + 13V 
1858C/1859C .................... -0.5 to + 7V 

Storage Temperature Range (T stg) ..... - 65 to + 150°C 

NOTE: Operating the device above the 
"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 sec· 
tions of this specification is not im­
plied. Exposure to absolute maximum 
rating conditions for extended periods 
may affect device reliability. 

OPERATING CONDITIONS at TA = Full Package Temperature Range 

Output Low Drive (Sink) Current, 10L 

Output High Drive (Source) Current, IOH I--.:.:.::.--jf-----'''-''--+-.:::-.-+--'-'-'-''-I-=-+---+---'~_l_---'~_\_~___I 

Output Voltage Low Level, VOL2 

Output Voltage High Level,VOH 

Input Low Voltage, VIL 

Input High Voltage, VIH 

Input Leakage Current, liN 

Operating Current, IDD3 

-Typical values are for T A = 25°C and nominal voltage 

Note 1: Maximum limits of minimum characteristics are the values above which all devices function. 
Note 2: IOL = IOH = 11JA. 
Note 3: Measured in an 1802 system at 2 MHz with open outputs. 
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OPERATING CONDITIONS, cont. H 185811859 
CONDITIONS LIMITS 

\ 

1858 ~::g UNITS 
CHARACTERISTICS Vo VIN VOD 1859 

(V) (V) (V) Min. Typ." Max. Min. Typ." Max. 

Dynamic Electrical Characteristics at T A = -40 to + 85°C, t r, tf = 20 ns,CL = 100pF, VDD ± 5%, VIH = 0.7 VDD, VIL = 0.3 VDD 

Propogation Delay Times: 
Clock (Low·to·High) to Enable = 0 5 -
Any Output, tco 10 -
Enable to Clock = 1 5 -
Any Output, tEO 10 -
Memory Address to All Outputs, tlO Clock = 1 5 -

--
Enable = 0 10 -

Propogation Delay Times: 
Clock (Low·to·high) to 5 -
AB, A9, AB, or A9, tco 10 -

Clock (Low·to·High) to -- 5 -
CEO, CE1, CE2, or CE3, tco Enable = 0 10 -

Enable to CEO, CE1, CE2, or 5 -
CE3, tEO 10 -
MAO, MA 1 to AS, A9, AB, or 5 -
A9, tlO 10 -
MA2, MA3 to CEO, CE1, CE2, or Clock = 1 5 -
CE3, tlO Enable = 0 10 -

'Typical values are for T A = 25°C and nominal voltage 

TIMING DIAGRAMS 

APPLICATIONS 

4K X 8 memory system using 1858 and 1822s 
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150 225 - 150 225 ns 
75 125 - - -
125 200 - 125 200 ns 
65 100 - - -
150 225 - 150 225 ns 
75 125 - - -

125 200 - 125 200 ns 
65 100 - - -
175 275 - 175 275 ns 
90 140 - - -
125 200 - 125 200 ns 
65 100 - - -
100 150 - 100 150 ns 
50 75 - - -
150 225 - 150 225 ns 

75 125 - - -

~ INVALID OR DON'T CARE CONDITION 

4K X 8 memory system design using 1859 and 
1Kx1RAMs 



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 VOO. 

ENABLE: In the 1858, when Enable = VOO, the CS outputs = VSS and the CE outputs 
VOO. 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 = VOO, the CE outputs = VOO; 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 A 8, A 8, A 9, or A 9. 

A 8, A 8, A 9, A 9: These outputs represent the non-inverted and inverted state of the latched 
address inputs, MAO and MA 1, in the 1859. 

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

TRUTH TABLES 

1858 DECODE TRUTH TABLE 1859 DECODE TRUTH TABLE 

-- DATA DATA - - - - - -- - - -ENABLE INPUTS cso CS1 CS2 CS3 CEO CE1 CE2 CE3 ENABLE INPUTS AS A9 AS A9 CEO CE1 CE2 CE3 
MA1 MAO MA1 MAO 

0 0 0 1 0 0 0 0 0 0 0 0 1 1 

0 0 1 0 1 0 0 NOT AFFECTED 

0 1 0 0 0 1 0 
BY MA1, MAO 

0 0 1 0 1 1 0 NOT AFFECTED 

0 1 0 1 0 0 1 
BY MA1, MAO 

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 0 1 NOT AFFECTED 1 0 1 1 0 0 1 NOT AFFECTED 
1 0 1 1 

0 1 0 BY MA3, MA2 1 1 0 1 0 1 0 BY MA3, MA2 1 1 0 1 

0 1 1 1 1 1 0 
0 1 1 1 1 1 0 

NOT AFFECTED BY 
1 X X 0 0 0 0 1 1 1 1 1 X X ENABLE 1 1 1 1 

x = MAO, MA1, MA2, MA3 DON'T CARE x = MAO, MA " MA2, MA3 DON'T CARE 

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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HCTR 0107P 
HCTR 0200P 
HCTR 0320AP 
HCTR 4010P 
HCTR 6010 
HDGP 1000 
HDIG 1030 
HLSS 0533Y 

Counter / Latch / Decoder / Driver 
Decade Counter / Latch / Decoder / Driver 
Frequency Synthesizer 
4 Decade Up/Down Counter 
4V2 Decade Counter 
General Purpose PMOS Fet 
Insulated Gate PMOS Fet 
Single Chip. Heart Rate Monitor 

I 

______________________________ HUGHES SOLID STATE PRODUCTS 
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For technical information on Hughes Quad Logic® Arrays, see pages 13-17. 

FEATURES 

• Standard Process is MIL. STD. 883B 
• High Performance 3~ 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 = 2Wn) 
• 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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DESCRIPTION 

Hughes' HB 3108 is a 1 K x 8 (8192 bits) CMOS Electrically Erasable Programmable Read Only 
Memory (E2PROM), tested in accordance with Military Standard 883B requirements. As such, it is 
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'4nlimited 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 VDD 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 jJa. 

The HB 31 08 is available in a 24 lead hermetic dual-in-line ceramic package (D suffix) or leadless 
chip carrier (L suffix). 

FEATURES 

• 1 K x 8 CMOS EEPROM 
• TTL Level Erase/Byte Write Controls 
• 1 ms Erase/Write Times 
• 10,000 Erase/Write Cycles 
• 10 year Data Retention 

PIN CONFIGURATION 

Leadless Chip Carrier 

0 
'" <Ll .... 0 '" '" <! <! <! > <! <! -
3 2 1 24 23 22 

A4 4 21 CS 

A3 5 20 OE 

A2 6 19 NC 

A 1 18 CE 

AO 8 17 1/07 

9 
(GND) 

1/00 16 1/06 
10 11 12 13 14 15 

g N 0 M " 0 z 0 0 
<!l 

215 

• 3-Line Control Architecture 
• 10 pW Typical Quiescent Power 

Dissipation 
• JEDEC Approved 24 pin DIP 

and LCC Pinouts 

Ceramic Dip 

A7 1 • 24 

A6 2 23 

A5 3 22 
A4 4 21 

A3 5 20 
A2 6 19 

A1 7 18 
AD 8 17 

1/00 9 16 

1/01 10 15 

1/02 11 14 

GND 12 13 

VDD 
A8 

A9 
CS 
OE 
NC 
CE 
1107 
1/06 

1/05 
1/04 

1/03 



ABSOLUTE MAXIMUM RATINGS 

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

Input Voltage Range ............... -0.3 to VDD +0.3 Volts 
Operating Temperature Range 

Ceramic Package ............... -55 to + 125°C 
Storage Temperature Range ....... -65 to + 150°C 

RECOMMENDED OPERATING CONDITIONS 

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

ILO Output Leakage 
Current' 

+1 

Erase or Write: VDD = 17V Unless Otherwise Specified 

ICC2 Prog. Current 3 

ICC2A Prog. Current 25 

VIL Input Low Voltage 0.6 

VIH Input High Voltage 3.8 3.8 

III Input Leakage 
~1 

Current' 

ILO Output Leakage +1 
Current' 
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+1 

3 

25 

0.6 

+1 

+1 

3.8 

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. 

fJA Va = 0 or VDD 

5 mA VIN = 0 orVDD 

30 mA VIN = 5V 

0.6 V 

V 

+1 fJA VIN = 0 or VDD 

+1 fJA Va = 0 orVDD 



AC OPERATING CHARACTERISTICS HB 3108 
Read: VOO = 5V Unless Otherwise Specified 

Dynamic Current 1.0 1.0 1.2 mA f = 100KHz 

READ TEST CONDITIONS 
Output Load: CL = 50pF Timing Measurement Reference Levels: Input = Output = 50% 
Input Levels: VH = 2.4 Volts, VL = 0.45 Volts Input Rise and Fall Times: tr = tf = 10ns 

Erase and Write, VOO = 16V Unless Otherwise Specified 
.,...",.~,.......,.,"'" 

tvps Program Set Up Time' 5 5 5 fJs 

tEP Erase Pulse Width 2 10 10 10 ms CS = VH, CE = VH 

twp Write Pulse Width 2 10 10 10 ms CS = VH, OE = VP-i 

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, VL = 0.6 Volts Timing Measurement Reference Levels: Input = Output = 50% 

Input Rise and Fall Times: tr = tf = 10ns 

NONVOLATILE CHARACTERISTICS 

PROGRAM CHARACTERISTICS VS. SUPPLY VOLTAGE 

17 

w~ 
rJl2!, 
~w 
~ ~ 16 I--+-+-++-II-f 
~~ 
-0 
~> 

0.1 1.0 
WRITE/ERASE TIME (ms) 

10.0 
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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. 



TIMING WAVEFORMS 

Read 

CE 

tCEH 

OE 

CS 

tACS 

OUTPUTS 
HIGH Z 

Chip Erase/Byte Write (CS = VH) 

VDD 

+5V 

OE 
(CHIP ERASE) 

CE 
(BYTE WRITE) 

DATA 
INPUT 

ADDRESSES 

FUNCTIONAL DIAGRAM 

[''' POWER 

VDD 

CE 

OE 
CONTROL 

LOGIC 

CS 

I~------------------------------------------+Vpp 

1------tvPs----O+-

ADDRESS INPUTS 

C"') '<t i.!) (0 I'-- '" <Xl 0 

<i<i « « « « « <i <i <i 

1 
INPUT 

BUFFERS 

(8) 

MEMORY OUTPUT 
ARRAY DRIVERS 

(8) 

WRITE 

DISABLE 
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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 of the HB 3108 overthefull 
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 

FIRST OPTICAL SORT 100% 
883 METHOD 2010 CONDITION B 

DIE ATTACH 

Q.A. MONITOR 

WfREBOND 
ULTRASONIC AI 

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 

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 
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INTERIM ELECTRICAL TEST 

BURN-IN 
883 METHOD 1015 CONDITION C 
160 HOURS @ T A = 125°C MIN., 100% 

FINAL ELECTRICAL TESTS 100%. 883 METHOD 5005 
TABLE 1 STATIC & FUNCTIONAL & SWITCHING 
TESTS AT TA = 25°C, -55°C, & + 125°C TEST 
REQUIREMENTS PER HUGHES SPECIFICATION 
DRAWING DS 72001 OR 72002. 

Q.A. EXTERNAL VISUAL LOT ACCEPTANCE. 
883 METHOD 2009. 

FINISHED GOODS TO STORES 

QUAliTY CONFORMANCE TESTS 

Q.A. GROUP A INSPECTION 

Q.A. GROUP B INSPECTION 

Q.A. GROUP C INSPECTION 

Q.A. GROUP D INSPECTION 

DATA ON FILE 

LEGEND 

o PRODUCTION 
o O.A. MONITOR 
C8l OA GATE 



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 31 08 functions as a normal CMOS ROM. When the power input 
(VOO) is raised to + Vpp the Erase or Write Mode is enabled. In the Erase Mode, all bytes are reset to a logic low 
(GNO). tn 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. Oetailed 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 atthe outputs whenever CE is low, CS is high, and OE is low. A 
read is initiated with CS going high if CE is already low. 

ERASE MODE: A Block Erase (all O's in memory) is accomplished by setting CE and OE high, raising the 
positive supply to + Vpp and then pulsing OE low. When the circuit internally senses the +Vpp voltage, it floats 
the outputs preventing +Vpp level signals from appearing on the data 1/0 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 O. 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 +VOO at +Vpp, and several or all the bytes can be programmed 
with +VDD 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)5 1 X Floating 
Standby (selected) 1 0 +5 Floating 
Read 0 1 +5 Floating 
Read 0 0 +5 Data Output 
Erase 1 0 +Vpp Floating 
Program 0 1 +Vpp Data Input J 
Prohibited State 0 0 +Vpp Data Input 

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

PIN DESCRIPTIONS 
A O-A 9: Address inputs which select one of 1 024 bytes of memory for either Read or Program. The addresses 
need to be valid only during the falling edge of CEo 

1/00-1/07: 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 = 0 reference. 

VDD: 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 VDD = +Vpp, a Logic 
Low causes a block erase. This input is active only when CS is high. 

CE: Chip Enable. This input causes the circuitto read the addresses at its falling edge for both Read and Write 
operations. Forthe Read operation, accessed data is latched and valid as long as CE is held at a Logic Low. If 
VOD = +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 
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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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 
LCD!!> 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 (0 suffix), plastic 
package (P suffix), cerdip (Y suffix) or lead less 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 Qualified 
• Drives up to 32 LCD segments of arbitrary 

configuration 
• CMOS construction for: 

Wide supply voltage range 
Low power operation 
High noise immunity 
Wide temperature range 

PIN CONFIGURATION 

+VDD 
LOAD 

SEG 32 

SEG 31 
SEG 30 

SEG 29 

SEG 28 

SEG 27 

SEG 26 
SEG 25 
SEG 24 
SEG 23 

SEG 22 

SEG 21 

SEG 20 
SEG 19 

SEG 18 

SEG 17 
SEG 16 

1 
2 
3 

40 
39 
38 

37 
36 

35 
34 

33 
32 

31 
30 
29 

28 

27 
26 
25 
24 

23 
22 

21 SEG 15 -'-=' _____ .=..!..J-
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• CMOS, NMOS, and PL 
compatible inputs 

• Cascadable 
• On chip oscillator 
• Requires only 3 control lines 

CLOCK 
SEG 1 
SEG 2 

SEG 3 
GND 

DATA OUT 

DATA IN 

SEG 4 

SEG 5 
LCD¢ 
BP 
SEG 6 

SEG 7 

SEG 8 

SEG 9 
SEG 10 

SEG 11 

SEG 12 
SEG 13 

SEG 14 



I 

I 

ABSOLUTE MAXIMUM RATINGS 
VDD ......................... -.3to + 15V 
Inputs (Clk, Data In, Load) ....... -+ VDD ~ 15 to + VDO + .3V 
LCO<l> Input .................•. -.3 to + Von + .3V 
Power Dissipation ......... ; , ... 250 mW 
Operating Temperature 

Ceramic Package .......... - 55 to + 125°C 
Storage Temperature ........... -65 to + 150°C 

NOTE: Operating the device above the "Ab. f. 

solute Maximllm Ratings" may cause perma· ., 
nent damage to the device. This is a stress" 
rating only and functional operation of the I:" 
device at these. or any. other conditions above. 
those indicated in the operational sections of 
this specification is not implied. Exposure tOj 
absolute maximum rating conditions for ex·1 
tended periods may affect device reliability. i 

ELECTRICAL CHARACTERISTICS at T A = - 55 to + 125°C and VOO = 5V unless otherwise noted 

.'P~M~~£~<\i'( 'SY~~~~":;:~{<" ·,.·;C<i~~~#'.<:;':"V;.s:i~~!:f~£j_ 
Supply Voltage VDD 3 10 V 

Supply Current IDD1 
200 5V 

LCD Ql Osc < 15 KHz 
1.2 mA 15V 

VDD = 5V 40 
Quiescent Current IQ 

VDD = 15V 200 

Input High Level VIH 

Input Low Level \ Clo,k, VIL 
Data, 

Input Current Load IL 

Input Capacitance CI 

.5VDD VDD V 

.2VDD VDD-15 V 

VDD = 10V 10 

pf 5 

Segment Output Impedance RON 60 KO 

Backplane Output 
RON Impedance 

KO 4 

Data·Out Output 
RON Impedance KO 4 

Clock Rate f 50% Duty Cycle, VDD = 10 DC 1.0 MHz 

Data Set·up Time tDS Data change to 
Clk falling edge, VDD = 10 

210 nsec 

Data Hold Time tDH VDD = 10 70 nsec 

Load Pulse Width tpw VDD = 10 245 nsec 

Data Out Prop. Delay tpD CL = 55pf, VDD = 10 700 nsec 

LCD Ql Input High Level VIN .9VDD V 

LCDQl Input Low Level VIL .1VDD V 

LCDQl Input Current Level IL Driven, VDD = 10V 20 
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BLOCK DIAGRAM HM0438A 

Clock 0......-----.1 

Data In o-----l ______ 3_2_B_IT_S_TA_T_I,C_S_H-,IF_T_R_E_G_I_S_TE_R _____ ----!~ Data Out 

Q 
Load n I 32 LATCHES I I 

j 32 SEGMENT DRIVERS I 

LCD AC -GENERATOR LCD</> 

TIMING DIAGRAM 

1-01 "---lIf ----l.~1 
I I 

J ~I~yl Clock ,,_ 

Data In =x ~\....-_____ JX ... _____ _ 
1-'-tDH-1 

tDS , I 

Data Out X X 
--------~I~------~ ~ ________ _ 

I.. ..I 
, tPD I 

223 

u 

320uputs 

Backplane 
Output 



OPERATING NOTES 

1. The shift register loads, shifts, and outputs on the falling edge of Clock. 
2. A logic 1 on Data In causes a segment to be visible. 
3. A logic 1 on Load causes a parallel load of the data in the shift register into latches that control 

the segment drivers. 
4. If LCD <I> is driven, it is in phase with the Backplane Output. 
5. To cascade units, either connect Backplane of one circuit to LCD <I> of all other circuits (thus 

one capacitor provides frequency control for all circuits) or connect LCD <I> 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 <I> inputs. Either the data can be loaded to all circuits in parallel 
or Data Out can be connected to Data In to form a long serial shift register. 

S. 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 
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 <I> pin can be used in two modes, driven or oscillating. If LCD <I> is driven, the circuit 
will sense this condition and pass the LCD <I> input to the Backplane output. If the LCD<I> pin is 
allowed to oscillate, its frequency is inversely proportional to capacitance and the LCD driving 
waveforms have a frequency 28 slower than the oscillator itself. This relationship is shown in Figure 
1. The frequency is nearly independent of supply voltage. If LCD <I> 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 <I> 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. 

Frequency 
(Hz) 

20 30 40 
CapaCitor 

(pij 

FIGURE 1 

70 

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. 

224 



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 8838, Class 8 to meet military/aerospace environments. 

The 1831 and 1833 respond to a 16 bit address time multiplexed on the eight address (MAO­
MA 7). 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 (CS2 and 
CS1), the Memory Read (MRD) and the upper address decode. The CEI 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 lead less chip carrier (L suffix). Devices in chip form (H 
suffix) are available upon request to Class 8 optical criteria. 

FEATURES 
• MIL STD 8838, Class 8 Qualified 
• Static Silicon Gate CMOS Circuitry 
• Interfaces Directly with 1802A 

Microprocessor without Additional 
Components 

• Access Time 
850ns Typical at V DD = 5V 
350ns Typical at V DD = 10V 

FUNCTIONAL DIAGRAM 

MA 7 
MA6 
MA 5 
MA 4 
MA 3 
MA 2 
MA 1 
MAO 

CLOCK 
(TPA) 

1 
2 
3 
4 
5 
6 
7 
8 

23 

. 
ADDRESS 
LATCHES, 
BUFFER & 
DECODER 

. 
MRD 
CS 2 
CS 1 

1-- ......... STORAGE I""- OUTPUT 
ARRAY BUFFERS 

1 19 
c...... BANK 

20 SELECT 
21 DECODE 

'CE1 22 

• Single Voltage Supply 
• Low Quiescent and Operating Power 
• Static - No Clocks Required 
• Chip Select and Address Location 

Within 64K Memory Space, Mask 
Programmable 

17 

~ 
~ 14 

13 
11 
10 

9 

BUS 7 
BUS 6 
BUS 5 
BUS 4 
BUS 3 
BUS 2 
BUS 1 
BUS 0 

CEO 

PIN CONFIGURATION 

MA 7 VDD 
MA6 CLOCK 
MA 5 NCICEI 
MA 4 CS 1 
MA3 CS2 
MA2 MRD 
MA 1 CEO 
MA 0 BUS 7 

BUS 0 BUS 6 
BUS 1 BUS 5 
BUS 2 BUS 4 
V SS -....:..:.. __ -=-.---- BUS 3 

Voo = 24 Voo = 12 '* No Connection on 1831 
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ABSOLUTE MAXIMUM RATINGS 

Operating Temperature Range (T A) 
Ceramic Package ............... -55to +125°C 

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

1831/1833 ..................... -0.5 to +13V 
1831C/1833C .................. -0.5 to + 7V 

Storage Temperature Range (T stg) .... -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. 

Address Setup Time. tAS 

Address Hold Time, tAH 

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

Quiescent Device Current, IL 

Output Drive Current, 

N·Channel (Sink), 

Output Voltage 

Low Level, VOL 

Output Voltage 

High Level, VOH 

Input Leakage Current, 

IIL,IIH 

3·State Output Leakage 

Current, lOUT 

* Typical values are for T A = 25°C and nominal VOO 
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ELECTRICAL CHARACTERISTICS, Cont. 

CONDITIONS 1831 
CHARACTERISTICS Vo VDD Min. Typ: 

(V) (V) 
DYNAMIC: Ir, If ~ 10n5, CL ~ 50pF, RL ~ 200 KG 

Access Time From Address - 5 - 850 

Change, tAA - 10 - 400 

Access Time From Chip - 5 - 700 

Select, tACS - 10 - 250 

CEO From Address - 5 - 500 

Change, tCA - 10 - 200 

Bus Contention Delay, - 5 - 200 

to - 10 100 

Daisy Chain Delay, - 5 - -

t,O - 10 - -

Read Delay, - 5 - 300 

tMRD - 10 - 100 

Chip Select Delay, - 5 - 600 

tcs - 10 - 200 

Chip Enable Output Delay - 5 - 450 

Time From CS, tco - 10 - 200 

Power Dissipation, Po - 5 - 15 

Cycle time ~ 2.5 ~s - 10 - 60 

* Typical values are for T A ~ 25'C and nominal VDD 

TIMING DIAGRAMS 
1831 

cs 
~~~~~~~~~~---------

tcs f--

CLOCK 
(TPA) ----"'l 

MRD---------~-ll 

CEO -------------+-----r 

BUS ---------------~ 

A Valid Data. 
Longer Time Will 
Initiate An Earlier 
But Invalid Output 

H.O. = High Order Address 
L.O. = Low Order Address 

OUTPUT VALID 
ACTIVE DATA 

HM 183111833 

1831C 1833 1833C 

Max. Min. Typ~ Max. Min. Typ~ Typ~ 
UNITS 

Max. Min. Max. 

1100 - 850 1100 - 650 1000 - 650 1000 

600 - - - - 350 500 - - - ns 

1000 - 700 800 - 500 900 - 500 900 

500 - - - - 275 400 - - - ns 

600 - 500 600 - 120 240 - 120 240 

250 - - - - 70 140 - - - ns 

350 - 200 350 - 220 300 - 220 300 

150 - - - - 130 250 - - - ns 

- - - - - 200 360 - 200 300 

- - - - - 100 150 - - - ns 

800 - 300 700 - 400 700 - 400 700 

400 - - - - 200 350 - - - ns 

800 - 600 800 - 250 450 - 250 450 

400 - - - - 125 250 - - - ns 

500 - 400 500 - 200 325 - 200 325 

250 - - - - 100 170 - - - ns 

- - 15 - - 30 - - 30 -

- - - - - 120 - - - - mW 

MA 

MUX (TPA) -----'J 

MRD -------4--...... 1 

CEI--------~--...... 

CEO ---------------./1 
tD 

BUS -------------<, 
~ INVALID OR DON'T CARE CONDITIONS 

OUTPUT VALID 
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 tc 

MRD occurs one clock period (tc) earlier than address bus MAO - MA 7. 
tc = 1/1802A clock frequency. 
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SYSTEM INTERCONNECT 

NO·N2 MRD 
TPB 

ADDR BUS DDRBUS Q DATA 
TPA TPA 

SCO,SC1 
CPU 

INTERRUPT 1/0 
RAM 

MRD MRD 
DMA·IN ·OU 

CONTROL 

CEO 
MWR 

1·EF4 

8 BIT BI·DIRECTIONAL DATA BUS 

SIGNAL DESCRIPTION 

MAO - MA 7: High order byte of a 16-bit memory address appears on the memory address 
lines,(MAO-MA 7), 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. 

BUSO - BUS7: 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, CEI: Chip enable output signal (CEO) is high when either the chip is selected or CEI is 
high (1833 only). CEO and CEI 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 CEI 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 other\Nise under any patent or patent rights of Hughes. 
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CUSTOM CIRCUITS 
Hughes can add another 
dimension to your product by 
adding nonlfolatile memory to your 
custom circuit! 

Hughes is equipped to handle your 
custom and semi-custom 
requirements from specification 
definition th'rough: 

• Design 
• Mask Fabrication 
• Wafer Fabrication 
• Assembly 
• Test 
• Delivery of volume 

production 

Hughes' CMOS processes include 
our high performance 3101 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-rei applications at 
competitive prices. 

231 



I 

I-



TABLEOFCONTENTS ________________________________________________ __ 

~UCONFOUNDRY 

________________________________________ HUGHESSOLIDSTATEPRODUCTS 





SILICON FOUNDRY 
Hughes' full service foundry 
accepts customer owned tooling 
(COT) for our 31' HCMOS silicon 
gate, 51' CMOS metal gate, and 71' 
PMOS metal gate processes. 
Custom designs should be supplied 
in the form of Calma GOS-II 
database tapes or masks for a 

minimum run of 25 wafers. We 
provide wafers, die or packaged 
devices, processed for military, 
industrial or commercial 
applications. 

Hughes provides simulation in 

Process Specifications - Design Parameters 

ELECTRICAL PARAMETERS @ 25°C 
N Channel 

Typ. 

VT @ 11'a, volts .6 to 1.2 

Field Inv @ 11'a, volts 
Poly Silicon 10 

Metal I 15 

BVDSS volts 10 

Body Effect 1.2 

KP 20 to 30 

PROCESS PARAMETERS 

Oxide Thickness, I'm 
Gate (Std Gate) 0.070 

Field (Poly-Sub) 0.75 

Field (Poly-Met) 0.60 

Met-Metal II 1.00 

Capacitance 
COX, pF/sq. mil .32 

CJO. pF/sq. mil .15 

Poly Silicon 
Sheet Res, ohms/sq. 25 

Diffusion 
Well Res., kohms/sq. 1.0 to 2.5 

Diff. Res .. ohms/sq. 20 to 35 

Metal 
Met Thick, I'm .60 

Metal II Thick, I'm 1.00 

Max. Current Density = 5. OE5 amp/sq. cm 

..•.• ,\.',: .C', ". . " 
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SPICE to worst case parameters. 
Our post-wafer processing 
includes wafer probing, packaging 
and packaged device testing. We 
maintain our processes by using 
sophisticated process control 
monitors. 

P Channel 
Typ. 

-.6to-1.2 

-8 

-15 

-10 

0.69 

10to 14 

0.070 

0.75 

0.60 

1.00 

.32 

.10 

35 

-
30 to 50 

.60 

1.00 

'" . . ...... >:., ..• """ >,:", '." 





TABLEOFCONTENTS ______________________________________________ ___ 

SPECiAL PURPOSE PKODUCTS 

MANUFACTURING FLOWS 
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HUGHES STANDARD COMMERCIAL PRODUCTS 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 
r--------------L--------------~ 

MOLD 

SOLDER DIP 

MARK 

SEAL 

STABILIZATION BAKE 

MARK 

FINE LEAK, 1.0% AQL 

GROSS LEAK 

ELECTRICAL TEST 100% T A ~ 25'C 

Q.A. EXTERNAL VISUAL LOT ACCEPTANCE 

o PRODUCTION 

o Q.A. MONITOR 

~ a.A.GATE 

___________________ 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°0 AQL 

GROSS LEAK 

INTERIM ELECTRICAL TEST 

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

FINAL ELECTRICAL TEST 100% T A .- 25C 

Q.A. ELECTRICAL INSPECTION T A = 25C. 1 % AQL 

Q.A. EXTERNAL VISUAL LOT ACCEPTANCE 

o PRODUCTION 

o Q.A. MONITOR 

C3l Q.A. GATE 
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HUGHES STANDARD MILITARY/HI REL CLASS B FLOW ___________ _ 

o PRODUCTION 

o O.A. MONITOR 

[Sl O.A GATE 

DICE WAFER 

FIRST OPTICAL SORT 100% 
883 METHOD 2010 CONDITION B 

DIE ATTACH 

O.A. MONITOR 

WIRE BOND 
ULTRASONIC AI 10% REBOND 

O.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 101S CONDITION C 
160 HOURS @TA=12SoC MIN. 

FINAL ELECTRICAL TESTS 100% 
883 METHOD SOOS, TABLE 1 
STATIC & FUNCTIONAL TESTS @ TA=2SoC AND 125°C 
SWITCHING TESTS @ TA=2SoC 
TEST REQ. PER HUGHES DATA SHEET OR CUST. SPEC. 

Q.A. ELECTRICAL INSPECTION; GROUP A TESTS PER 
883 METHOD SOOS, TABLE 1 
STATIC & FUNCTIONAL TESTS @ TA=2SoC AND 125°C 
SWITCHING TESTS @ T A = 2SoC 

Q.A. EXTERNAL VISUAL LOT ACCEPTANCE 
883 METHOD 2009, 2.S% 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. 

H M 23C64 C L 000 
--

LPRODUCT TYPE 

~-----------PACKAGES 

'----------- VARIABLE MODIFIER 

L--______________ DEVICE NUMBER 

L---------------------PRODUCTFLOW 

L----------------------------------~-------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 
000 = Standard Product 
XYZ = Custom Product* 

Variable Modifier* 
One character modifier for 
speed, power, processing, 
etc. 

Packages 
L = Leadless Chip Carrier 
D = Ceramic Dip 
H = Devices in Chip Form 
P = Plastic Dip 
Y = Cerdip 

*For detailed information, contact Hughes' Customer Service. 

Product Flow 
C = Commercial 
I = Industrial 
B = Hi Reliability 
M = Military 
S = Special" 
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UNITED STATES 
ALABAMA 
HIIftII,H\e 

LID.,INC ................... (2051837-1469 
555 Sparkman Dr., Ste. 820 F 
Huntsvilie, AL 35803 

ARIZONA 
Scottsdale 

SMSandAssociates ......... (602) 998-0B31 
7807 East Greenway Rd ,Ste. B 
Scotlsdaie, AZ 85260 

CAUFORNIA 
Campb.,1 

KoltmsllfAssoc .............. (408)866-5153 
2470SouthWinchester,Ste.B 
Campbell,CA9S00e 

LlMlr.d. 
SelecIElectronlcs ............. (7141739·8891 
14480AlondraBlvd.,LaMir.da,CA90367 

SlnDlato 
MesaEngmeering ....•..... ,. (619)278-8021 
7525 Convoy Ct., San Diego, CA 92111 

FLORIDA 
CI •• rwat.r 

OelmacSales ..............••• (813)447-5192 
1415 Duncan AVB. So., Clearwater. FL 33516 

Orlando 
OelmacSales ................. {305)898-4688 
520VirginiaOr.,Orlando,FL32803 

Tamarac 
DelmacSales ................. (305)728-1330 
7338 N.W. 71h 51., Tamarac,FL 33319 

GEORGIA 
AlllnlI 

1..& D., INC ..................•. (404)455-3483 
4350 Georgetown Square,Ste. 707 
Atlanta,GA30338 

UNITED STATES 
ARIZONA 
Phoeni. 

RV.Weatherlord ...•......... (602)272-7144 
3355 West Earll Dr., Phoenix. AZ85017 
TWX: 910-951-0638 

CALIFORNIA 
An.helm 

R.V,Weatherlord .....•....••.. (714)634-9600 
1550 Babbitt Ave., Anaheim. CA 92805 
TWX: 910-593-1334 

Anah.lm 
Zeus Components . . .... (213)924-0454 
1130 Hawk Cir. (714)632-6880 
Anah.im,CA92807 
TWX:910-591-1696 

Glenc\ele 
RV.Weatheriord ••••...•...... (213)849-3451 
6921 San Fernando Rd.,Glendale,CA91201 
TWX: 910-498-2223 

Pomona 
R.V.Wealheriord ••• .. ... (714)623-1261 
1095 East Third SL (213) 966-8461 
Pomona, CA 91786 
TWX. 910-581-3811 

S.nDI.go 
R.V.Weatheriord ••••..••....•• (619)695-1700 
7665 Formula pt. San Diego, CA 92121 
TWX:910-335-1570 

S.nllB.rblra 
RV.Weatheriord •.••.......... (805)985-8551 
18 East Ortega 51., Santa Barbara, CA 93101 
TWX: 910-334-4835 

EUROPE 
AUSTRIA 

Bac08Ges,m.b.H ..••..•••... (0222)959145 
A-116OWI.n, Gablenzgass.52,Austria 
TWX: 134606 

BELGIUM 
Auriema Belgium S.A.lN.V ....•. (02) 523 62 95 
Rue Brogniez S1raal 172A 
Bruxetles, 1070 Brussel,Belgium 
TWX: 21646 

DENMARK 
MicronorAps ................ (08)818522 
H.mlngv.J98 
Silkeborg,DK8600Denmark 
TWX: 63245 Mlcnor 

ENGLAND 
PelcoElectronlcs ..•.. (0708)81911 
Spring Gardens 
~~~r:e::sax RM7 9lP England 

HUGHES U.S. AND CANADIAN SALES REPRESENTATIVES 
IDAHO .... 

N.R Schultz Co ....•......•... (208)377-8686 
1074BNorth Cole Rd., BOise. 10 B37Q4 

ILLINOIS 
Elk Grov.VIII.g. 

Carlson EleclronlC Sales Co ... (312)956-8240 
600 East Higgins Rd 
Elk GroveVitlage,ll 60007 

INDIANA 
Indlan.pol,. 

J&WSales ................. (317)842·3740 
7202 North shadeland Ave 
Indianapolis, IN 46250 

IOWA 
Cedar Rapldl 
CarlsonEleclronicSalesCo .. (319)377-6341 
204Cotlms Rd,. N.E 
Cedar Rapids,IA 52402 

KANSAS 
ShawnIlMi •• lon 

TechnlcalSalesAssoc ........ (913)888-3330 
P.O. Box 14842 
9290 Bond,Sle. 114 
Shawnee Mission, KS66215 

MARYLAND 
TowlOn 

Arbotek ........... , .... (301)825-0775 
102 W. Joppa Road 
Towson, M021204 

MASSACHUSETTS 
Well .... yHIll. 

R.H, Siurdy Co .............. (617)235-2330 
P.O. Box328,167WorcesierSt 
WejlesleyHllis,MA02181 

MICHIGAN 
Livonia 

LuebbeSales ................. (313)477·3131 
19500 Middlebell Rd.,Sle. 260W 
Llvonia.Ml48153 

MINNESOTA 
Mlnnupoli • 

BitiOemingAssoc , •....... (812}888-5000 
8053BloominglonFwy, 
Mm"eapolis,MN55420 

MISSOURI 
SI.Loul1 

Technical Sales Assoc. ".,",. (314)725-5361 
PO. Box 10907, 119Church51,Sle.223 
51 Louis,M063t35 

NEW HAMPSHIRE 
Windham 

RH.SlurdyCo .............. (603)893-9506 
8 Birchwood Road, Windham, NH 03087-

NEW JERSEY 
Marllon 

B.G.RAssociates ....... , •. , .. (609)983-1020 
2002GreenlreeExecutlveCampus,Sle,0 
Marllon,NJ08053 

NEWMEIICO 
Albuquerque 

Compass Msrkelmg & Sales .. (505) 292-7377 
2632PennsylvanlsNE.,Ste.B 
Albuquerque,NM87110 

NEW YORK 
Ba,.lde 

Robertoiamond,Inc ........... (212)423-7330 
210-30 23rd Ave., Bayside, NY11360 

EaltRocblller 
Tri-TechEletronlcs,'nc ........ (718)385-85oo 
300 MamSI.E. Rochesler. NY 14445 

End .. ell 
Tn-TechElectronlcs,'nc ....... (807)754-1094 
3215 Easl Main sl.,Endwell,NY 13760 

Fayetle'llWe 
Tn·TechEleclroniCs,'nc ....... (315)446-2881 
6836E,GeneseeSI,Fayetteville,NYI3066 

Fishkill 
TnTechEleclroniCS,tnc ...... (914)897-6511 
14Westvrewor,Fishkill,NYI2524 

NORTH CAROUNA 
Grlln.boro 

L,&O"INC ................... (919)292-3201 
P.O.5510W.FrlendlyAve. 
Greensboro, NC 27419 

Ral.igh 
L.&o .. INC .................... (919)876-5301 
looDresset'CI.,Raleigh,NC27609 

OHIO 
Cinclnnell 

LuebbeSaIH ..... , .........•• (513)891-5770 
4172 Crossgate Sq .. Cincmnali, OH 45236 

Clevelancl 
LeubbeSales ................. (216J333-0425 
21330 Center Ridge Rd, Cleveland,OH 44116 

Columbul 
LuebbeSales ................ (814)431-0474 
8500 Busch Blvd., Sle. 210 
Columbus, OH 43229 

Darton 
LuebbeSales ..... , ........... (513)~-0426 
3832 Kellering Blvd., Dayton,oH45439 

OREGON 
auverlon 

N.A.SchullzCo .............. (503)643-1644 
13095 S.W, Henry. Beaverton, OR 97005 

PENNSYLVANIA 
Plnsburgh 

LuebbeSales ................. (412)931-0414 
2987 Babcock Blvd .• Pittsburgh,PA 15237 

TEXAS 
Au.tln 

Sundance Sales ..... , ... " •.. (512)250-0320 
10116 Woodland Village Or , AusUn, TX 78750 

HOUlton 
SundanceSales ............. {713}772-4988 
5925Sovereign,Sle,111 
Houslon.TX77038 

HUGHES U.S. AND CANADIAN DISTRIBUTORS 
SanlaClara 

ZeusComponenls .... ,' .. ". (408) 727-0714 
2350 Scott Blvd., Bldg. 64 
Santa Clara,CA 95051 
TWX:gl0-338-2121 

Sunnyvale 
.A.V.Wealherford ...... , ... , ... (408)738-8694 

1310 Kiler Rd., Sunnyvale, CA94086 
TW)('910-339-9512 

COLORADO 
Englewood 

R.V.Wealherford ••............ (303)770-9762 
8515 EaslOrcharo' Rd., Englewood,CO 80111 
TWX: 910-935-0151 

CONNECTICUT 
Orange 

Milgray ...... , ................ (203)795-0711 
378 Boston Post Rd., Orange. CT 06477 

FLORIDA 
Winter Perk 

Milgray ....................... (305)647-5747 
1850 Lee Road. Sle. 104. Winter Park. FL32789 

GEORGIA 
Allanta 

Mligray ....................... (800)241-5523 
17 Dunwoody Park, Sle 102, Allanta. GA 30338 

ILLINOIS 
ROHmont 

AdvenIEleclronics,lnc .. , .•... (312)297-6200 
7110-16N,LyndonSI.,ROSemonl,IL80018 

INDIANA 
Indlanapoli. 

Advent ElectroniCS, Inc .•..•... (317)872-4910 
8446 Moller Rd ,Indianapolis, 10 46268 

IOWA 
Cedar Rapldl 

MvenlEleclroniCS,Inc ....... (313)363-0221 
68258thAve.,CT.S.W., Cedar Rapids, IA52404 

KANSAS 
Overland Park 

Milgray ....................... (913)236-8800 
8901 WesI63rdSI .. OverlandPark,KS88202 

MARYLAND 
Rockville 

Mllgray .....•............ ,., .. (800)638-6656 
11820ParklawnDr.,Aockvilie,MD20B52 

MASSACHUSETTS 
Burlington 

Milgray .....•....... ,., •.. , .•• (617)272-6800 
79TerraceHaliAve.,Burlington,MAOI803 

Burlington 
ZeusComponents ", •...•••.. (617)273-0705 
25AdamsSI.,Burlln9ton.MAOI803 
TWX: 710-332-0716 

MICHIGAN 
FarmlngtonHII" 

AdventElectronics,lnc ....... (313)477-1650 
24713CrestviewCI. 
FarmmgtonHiIIs,MI48018 

NEW JERSEY 
Marilon 

Milgray ....................... (800)257-7111 
3002 Greenlree ExeculiveCampus 
Martton,NJ08053 

NEW MEXICO 
Albuquerque 

AliianceEteclronica,lnc •...•• (505)292-3360 
11030CochlfiS.E.,Albuquerque,NM87123 
TWX 910-989-1151 

NEW YORK 
Buflalo 

Summltoislribulors .......... (716)887-2800 
916MainSI.,Buffalo, NY 14202 
TWX: 710-522-1692 

Freeport 
Milgray ....................... (212)738-3100 
191 HanseAve., Freeporl,NY 11520 
TWX: 510-225-3673 

PorlChnler 
Zeus Components ............ (914)937-7400 
100 Midland Ave., Pori Chester, NY 10573 
TWX: 710-567-1248 

OHIO 
Cleveland 

Milgray ....................... (216)447-1520 
6155 RocksideRd .. Cleveland,OH 44131 

TEXAS 
o.u .. 

RV,Weatherlord •••...•..•.••• (214)931-7333 
4858SunbeIlDr.,oallas,TX75248 
TWX' 910-880-5544 

Dallal 
ZeusComponenls ...•••. , .•.• (214)783-7010 
1400 Goldmark,Ste. 25D, Dallas.TX 75240 
TWX: 910-887-9422 

Houllon 
R.V.Wealherlord .....••....••• (713)688-7406 
3500 West T.C. Jester Blvd., Houslon,TX 77018 
TWX: 910-881-6222 

WASHINGTON 
... m. 

R.V.Weatheriord ......... ,., •• (206)575-1340 
541 Induslfy Dr., Seattle. WA98188 
TWX:9tO-444-2270 

HUGHES INTERNATIONAL REPRESENTATIVES & DISTRIBUTORS 
FRANCE 

oalaOls ....................... (1)6056000 
10-12 Rue Emile Landrin 
92100 Boulogne, France 
TWX: 201905 

Inll. Semiconductor Corp, (ISC) (01) 506 42 75 
28, Rue De La ProceSlion 
F-92150Sureanes, France 
TWX: 814596 

GERMANY 
Asb'onicGMBH ... '" 089/309031 
Wlnzererstr47d 
8000 Munchen 40, Germany 
Telex: 5216187 As1rd 
AllantikElektronikG.M.B.H .•• (089)8572086 
Fraunhoferslr,11A 
0-8033 Marlmsried, Germany 
TWX: 5215111 

ISRAEL 
MLRNElectronlcs .............. (03}708174 
15 KmeretSI. Bnei Brak,tsrael 
TWX: 342107 RNISIL 

ITALY 
CelraS.R.L ....... . ........ (02)235264 
ViaG.Pascoli60 
20133MllanO,lIaly 
TWX: 314543 CEFRAI 

NETHERLANDS 
Koning En Hariman Etek,BV .... (070)21 0101 
30 Koperwerl,NL-2544 En,lhe Hague 
Netherlands 
TWX: 31528 KOHA 

NORWAY 
HenacoAlS ................... (02}1621tO 
Trondheimsveien436 
Ammerud, OSLO 9, Norway 
TWX: 76718 

SPAIN 
Anatronic,S,A, ......... , ...... (01)2424455 
AvenidaDe Valladolld,27 
Madrid-8, Spain 
TWX: 47397 • 

251 

SWEDEN 
AlihaboElelttronlc ... , .. , •..•..• 08-540700 
Alstroemergatan29,Box49044 
S-loo28stockholm,Sweden 
Telex: 19015 Allhabo 5 

SWITZERLAND 
AbelecAG ..................... (01)7300455 
Landstrasse 78, B116Wuerenlos,SwllZerland 
TWX: 59834 ORBT CH 

ASIA 
HONG KONG 

TektronEleclronicsltd, ••.......... 3-856199 
1702 Bank Center, 636 Nalhan Roao' 
Kowloon, Hong Kong 
Telex: 38513Tekhl 

. INDIA 
Kryonlx ............................... 63805 
Kowdiar, Tnvandrum-695003,Soulh tndia 
TWX: 884-307 Krxln 

IIlchardlOn 
Sundance Sales ., ••••.....••• (214)889-0451 
1701 North Greenville, Richardson,TX78071 

SllfIord 
Sundance Sales ", ..•...••.•. (713)499-9671 
620FM. 1092,Sle.206.,Stafford,TX 77477 

WASHINGTON 
Bellevue 

N.R. Schutll Co ....... , .•.... , (206)454-0300 
300 120IhAve.NE"Bldg 4,Ste.210 
Believue,WA98005 

WISCONSIN 
MHwauk" 

Carll.on Electronic Sales Co ... (414)476-2790 
10701 Wesl North Ave, Milwaukee, WI 53226 

CANADA 
ONTARIO 
MII.IUlug. 

ViteIElectronics ............. (416)676-9720 
5945 AirporlRd"Ste.180 
Misslsslluga.OntarioL4V1R9 

CANADA 
ALBERTA 
CIlgar, 

FutureEleclronics ......•..... (403}259-6408 
5809 Macleod Trail South, Unll 109 
Calgary,AlbertaT2HOJ9 
TWX: 810-821-1927 

IIIITISH COLUMIIA 
Vancouver 

FulureElecironics ......•..... (804)438-5545 
3070 Kingaway,Vancouvef,B.C. V5R 5J7 
TWX: 610-922-1868 

ONTARIO 
DownIY'" 

FutureEleclronlcs ....••....•• (418)863-5583 
4800 Dufferin St., Downsvlew, Onlario M3H 558 
TW)(;610-491-1470 

ONTARIO 
Ott.wa 

FutureElectromcs .•.......... (813)820-8313 
Baxter Centre. 1050 Baxter Rd. 
OtIawa,Ontar1oK2C3P2 
TWX: 810-583-1897 

QUEBEC 
Poinie-CIII" 

FulureElectronics ........... (514)694-7710 
237 Hvmus Blvd. 
Poinie-Claire,QuebecH9R5C7 
TWX: 610-421-3251 

JAPAN 
NihonTeksel CO., lid ..• , •.....• {03)461-5121 
Kyoshin8ldg.13-14,Sakuragaoka-Machi 
Shlbuya-Ku Tokyo 150,Japan 
TWX: J23723 Teksel 

SINGAPORE 
TaigaEleclronics PTE LTD. 
171 TrasStreet 
~-I77UnionBuildlng 
Smgapore0207 
Telex: Taiga RS22974 

TAIWAN 
Mullitechlnlernational. . .. (02)789-1225 
977 Min Shen E. Road 
Taipei, 105 Taiwan R.O,C. 
Telex: 23756 Mulbicl19162 Muhiic 

AUSTRALIA 
CompulefComponenlS ...... 61 {O2)8683614 
70A Rawson 51., Epping NSW 2121, ",ultra"a 
TWX: AA71207 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 
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