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PRODUCT SELECTION GUIDE 

Gate Arrays 

H2084 

H4120 4K 120 116 28-64 68,84,100 84,120 

H6152 6K 152 148 120 156 

H8180 8K 180 172 180 180 

I' 

4096 512 x 8 500 ns 4 - 6V 1 ms 10 yrs,@125°C No 24 

H3108 8192 1024 x 8 500 ns 4 - 6V 1 ms 10' cycles 10 yrs. @ 125°C Yes 24 

H3300 256 32 x 8 550 ns 5V 1 ms 10' cycles 10 yrs.@125°C No 18 

HB3108 8192 1024 x 8 700 ns 4 - 6V 1 ms 10' cycles 10yrs.@125°C Yes 24 

H3500 

CMOS LCD Drivers 
..... '. 

, .1 
'. .' : >'.:: » ... '.':'" .......• : ............ ' .. ':: 

S~$~ 
S~ppl)'.·· 

' <,~ 

~;~~t:: . ";Devrqit J'Y~ ~l)rJ,e . .... .. lnptit . .... \ ()l!tPlit .>. .'.:' .: : ·V-oI"g, .. • ~~~~~~. 
H0437 Direct Segment 4 Bit BCD 28 Segments (4 x 7) 28 Bits 3-10V Yes 40 

H7211-1 Direct Segment 4 Bit Multiplexed Hexidecimal 28 Bits 3-6V Yes 40 
28 Segments (4 x 7) 

H7211-2 Direct Segment 4 Bit Multiplexed Code B 28 Bits 3-6V Yes 40 
28 Segments (4 x 7) 

H7211-3 Direct Segment 4 Digit Select Hexidecimal 28 Bits 3-6V Yes 40 
Microprocessor Interface 28 Segments (4 x 7) 

H7211-4 Direct Segment 4 Digit Select Code B 28 Bits 3-6V Yes 40 
Microprocessor Interface 28 Segments (4 x 7) 

H0438A Direct Segment 1 Bit Serial 32 Segments 32 Bits 3-10V Yes 40 

H0439 Direct Segment 1 Bit Serial 32 Segments 32 Bits 4,5-10V Yes 40 

H0488 Multiplexed 4 Bit Parallel 16 Rows x 16 Columns 32 Bits 3-8V Yes 40 

H0538A Multiplexed Serial 8 Rows x 26 Columns 34 Bits 3-10V Yes 40 

H0539A Multiplexed Serial 34 Columns 34 Bits 3-10V Yes 40 

H0540 Multiplexed Serial 32 Rows or 32 Columns 31 Bits 3-12V Yes 40 

H0541 Multiplexed 4 Bit Parallel 8 Rows x 23 Columns 32 Bits 3-12V Yes 40 

H0542 Multiplexed 4 Bit Parallel 32 Columns 32 Bits 3-12V Yes 40 

H0548 Multiplexed Serial 16 Rows x 16 Columns 200 Bits 3-12V Yes 40 

H0607A Multiplexed Serial 4 Rows x 30 Columns 34 Bits 3-12V Yes 40 

H0515 Multiplexed/ Serial 8 Rows x 25 Columns 32 Bits 5-10V Yes 40 
Auto-Refresh 

H0550 Multiplexed/ 8 Bit Parallel/ASCII 8 Rows x 12 Columns 32 Char 3-10V Yes 40 
Auto-Refresh 

H0551 Multiplexed/ Serial 34 Columns 34 Bits 3-10V Yes 40 
Auto-Refresh 

HM0438A Direct Segment 1 Bit Serial 32 Segments 32 Bits 3-10V Yes 40 

HUGHES SOLID STATE PRODUCTS I 
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PRODUCT SELECTION GUIDE 
CMOS ROMs 

AcceS$Tlme 
(Typ.) Temperature Range Supply Voltage 

Device Size Organlzallon sV 1PVi Ceramic Plastic Low Voltage High Voltage Ouput 

H1831 4096 512 x 8 850 ns 400 ns -55 to +125°C -40 to +85°C 4- 6.5V 4 -10.5V 3-state 

H1832 4096 512 x 8 850 ns 400 ns -55 to +125°C -40 to + 85°C 4-6.5V 4 -10.5V 3-state 

H1833 8192 1024 x 8 650 ns 350 ns -55 to +125°C -40 to +85°C 4-6.5V 4-10.5V 3-state 

H1834 8192 1024 x 8 575 ns 350 ns -55 to +125°C -40 to +85°C 4-6.5V 4 -10.5V 3-state 

H1835 16384 2048 x 8 900 ns - -55 to +125°C -40 to +85°C 4-6.5V - 3-state 

H23C16 16834 2048 x 8 900 ns - -55 to +125°C -40 to +85°C 4-6.5V - 3-state 

H1837 32768 4096 x 8 750 ns - -55 to +125°C -40 to +85°C 4-6.5V - 3-state 

H23C32 32768 4096 x 8 750 ns - -55 to +125°C -40 to +85°C 4-6.5V - 3-state 

H23C64 65536 8192 x 8 300 ns - -55 to +125°C -40 to +85°C 4-6.5V - 3-state 

H23C65 65536 8192 x 8 300 ns - -55 to +125°C -40 to +85°C 4-6.5V - 3-state 

HM1831 4096 512 x 8 850 ns 400 ns -55 to +125°C - 4-6.5V 4 -10.5V 3-state 

HM1833 8197 1024 x 8 650 ns 350 ns -55 to +125°C - 4-6.5V 4-10.5V 3-state 

CMOS RAMs 
'Ace.-sTimEl 
'. (Typ.) Temperature Range SupplyVollage 

Device Size Organizallon SV 10V Ceramic Plastic LowVoIIage HighVollage Ouput 

H1822 1024 256 x 4 250 ns - -55 to +125°C -40 to +85°C 4-6.5V - 3-state 

H1823 1024 128 x 8 250 ns - -55 to +125°C -40 to +85°C 4 -6.5V - 3-state 

H1824 256 32 x 8 400 ns 200 ns -55 to +125°C -40 to +85°C 4-6.5V 4 -10.5V 3-state ----
1800 M Icroprocessor F am,,}, 

.< 
.' ..• . Temperature ,Rllnge VClltag, Range .. 

. ........ oe1l18!! ...... 0$9riptlo.n T > Ceramic Plastic Low V91tage High VoltagEl 

H1802A CPU - 8 Bit Parallel with 3.2 MHz clock @ 5V. -55 to +125°C -40 to +85°C 4-6.5V 4-10.5V 

H1802B CPU - 8 Bit Parallel with 5 MHz clock @ 5V. -55 to +125°C -40 to +85°C 4-6.5V -
H1822 RAM - 256 x 4 (1024) with a typo access time -55 to +125°C -40 to +85°C 4-6.5V -

of 250 ns @ 5V. 

H1823 RAM - 128 x 8 (1024) with a typo access time -55 to +125°C -40 to +85°C 4-6.5V -
of 250 ns @ 5V. 

H1824 RAM - 32 x 8 (256) with a typo access time of -55 to +125°C -40 to +85°C 4-6.5V 4-10.5V 
400 ns@ 5V/200 ns@ 10V. 

H1831 ROM - 512 x 8 (4096) with a typo access time of -55 to +125°C -40 to +85°C 4 -6.5V 4-10.5V 
850 ns@ 5V/400 ns@ 10V. 

H1832 ROM - 512 x 8 (4096) with a typo access time of -55 to +125°C - 4 -6.5V 4-10.5V 
850 ns@ 5V/400 ns@ 10V. 

H1833 ROM - 1024 x 8 (8192) with a typo access time -55 to +125°C -40 to +85°C 4-6.5V 4-10.5V 
of 575 ns @ 5V /350 ns @ 10V. 

H1834 ROM -1024 x 8 (8192) with a typo access time of -55 to +125°C - 4-6.5V 4 -10.5V 
575 ns @ 5V /350 ns @ 10V. 

H1835 ROM - 2048 x 8 (16384) with a typo access time -55 to +125°C -40 to +85°C 4-6.5V -
of 900 ns @ 5V/500 ns@ 10V. 

H1837 ROM - 4096 x 8 (32768) with a typo access time -55 to +125°C -40 to +85°C 4-6.5V -
of 750 ns@5V/450ns@ 10V. 

H1852 INPUT /OUTPUT PORT - 8 Bit Parallel with -55 to +125°C -40 to +85°C 4-6.5V 4 -10.5V 
mode programmable 3-state data bus. 

H1853 N-BIT DECODER - 1 of 8 Decoder for 110 -55 to +125°C -40 to +85°C 4-6.5V 4-10.5V 
Expansion. 

H1854A UART - Full duplex organization with seriall -55 to +125°C -40 to +85°C 4-6.5V 4-10.5V 
parallel inputs/outputs. 

H1855 MULTIPLY /DIVIDE - 8 x 8 Multiply of -55 to +125°C -40 to +85°C 4-6.5V 4-10.5V 
16 -7- 8 Divide with bi-directional 3-state data bus. 

H1856/57 BUFFER/SEPARATOR - 4 Bit with -55 to +125°C -40 to +85°C 4-6.5V 4-10.5V 
bi-directional 3-state data bus. 

H1858/59 LATCH/DECODER - 4 Bit Memory Address -55 to +125°C -40 to +85°C 4-6.5V 4-10.5V 
to select 1 K RAMS. 

HM1831 ROM - 128 x 8 (1024) processed to Mil. Std. 883B. -55 to +125°C - 4-6.5V 4 -10.5V 

HM1833 ROM - 1024 x 8 (8192) processed to Mil. Std. 883B. -55 to +125°C - 4-6.5V 4 -10.5V 

No. 
01 

Pin. 

24 

24 

24 

24 

24 

24 

24 

24 

24 

28 

24 

24 

No. 
of 

Pins 

22 

24 

18 

No • 
01 

Pins 

40 

40 

22 

24 

18 

24 

24 

24 

24 

24 

24 

24 

16 

40 

28 

16 

16 

24 

24 
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CROSS REFERENCE GUIDE 

MICROPROCESSOR/PERIPHERALS 

H1802A/B 

8 Bit CPU 

H1852 

Buffer 

Buffer 

H1858 

Latch/Decoder 

H1859 

Latch / Decoder 

MK 386K 8212 

AY-3-
1013 HD6402 IM6402 

NONVOLATILE MEMORIES/CMOS MEMORIES 

H1822C 

256 x 4 RAM 

H1823C 

128x4RAM 

H1824 

32 x 8 RAM 

H1831/32 

H1835 

2048 x 8 

H1837 

4096 x 8 ROM 

H23C16 

2048 x 8 ROM 

H23C32 

4096 x 8 ROM 

H23C64 

8192 x 8 ROM 

H3104 

512 x 8 E2pROM 

H3108 

1024 x 8 E2pROM 

H33QO 

32 x 8 E2pROM 

H35QO 

64 x 4 NOV RAM 

6551 

MK25QQP 2704 
MK2600 

8708 

2716 
2316 

2716 1M 
2316 6316 

INS8212 
COP 
1852 

COP 
1853 

COP 
1854A 

COP 
1855 

COP 
1856 

COP 
1857 

COP 
1858 

COP 
1859 

MC6810A 
6551 
6552 

87Sl9S/6 
SNXXS474 

5204C 
SNXXS475 5232/33 

MCM65308 

COP 
1837 

CM 
5316 1600 
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CROSS REFERENCE GUIDE 

LCD DRIVERS 

I 
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ALPHANUMERIC SELECTION GUIDE_-.--.--.-____ -.--.-___ -.--.--.-________ _ 

PRODUCT PAGE PRODUCT PAGE 

H 0437 ............... 41 H 1853 • •• 0 •••• 0 •••••• 167 

H 0438A · .............. 53 H 1854A . ......•..... 0. 171 

H 0488 ••••• 0·0.0 •••••• 57 H 1855 . .............. 187 

H 0515 81 H 1856 199 I ., ............. 0 •••••••••••••• 

I" 
H 0538A ............... 61 H 1857 . .............. 199 

I 

H 0539A · .............. 61 H 1858 . .............. 203 I 

H 0540 •••••••• 0 •••••• 65 H 1859 • ••••••• 0 •••••• 203 

H 0541 ••• 0 ••••••••••• 69 H 2084 . .............. 13 

H 0542 ............... 69 H 3104 • ••••• 0 •••• _, •• 21 

H 0548 •••• 0 •••••••••• 73 H 3108 • ••• 0 •••••••••• 27 

H 0550 ............... 89 H 4120 . .............. 13 

H 0551 ••••••••••• 0 ••• 89 H 6152 . .............. 13 

H 0607A • .0 ••••• 0 •••••• 77 H 7211 . .............. 45 

H 1084A • ••••• 0 •••••••• 13 H 8180 . .............. 13 

H 1802A ••• 0 ••••••••••• 147 H 23C16 . .............. 129 

H 1802B • ••••• 0 •••••••• 147 H 23C32 . .............. 133 

H 1822 ............... 101 H 23C64 . .............. 137 

H 1823 ••••••••• 0 ••••• 105 H 23C65 .0 ............. 141 

H 1824 ............... 109 H 3000 . .............. 35 

H 1831 ............... 113 H 3300 . .............. 33 

H 1832 •••••••••••• 000 117 H 3500 ••••• 00 •••••••• 34 

H 1833 0 ••••• 0 •••••••• 113 H 0550 K-16 • •• 0 •• 0 ••••• 0 •• 97 

H 1834 ••••• 0 •••••••• 0 117 HB 3108 ••• 0 ••••••• 0.00 215 

H 1835 ••••••• 0 •• 0 •••• 121 HM 0438A • ••••• 00 ••••• 0. 221 

H 1837 •••• 00 ••• 0 ••••• 125 HM 1831 ..0.0 ••• 0.000 •• 225 

H 1852 ••••••••• 0 ••••• 163 

--------____________ HUGHES SOLID STATE PRODUCTS 
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ORDERING INFORMATIONINOMENCLATURE ________________ _ 

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 
-r-

C L 000 

LPRODUCTTYPE 

~------------·PACKAGES 

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

'---------------·DEVICE NUMBER 

~------------------------------------PRODUCTFLOW 

~------------------------------------------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" 

____________________ HUGHES SOLID STATE PRODUCTS 
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DESCRIPTION 

Hughes' Quad Logic® Array family of Configurable Gate Arrays utilize an oxide-isolated, double metal 
HCMOS process. The devices range in complexity from 2,000 to 8,000 gates. 

The basic Quad Logic cell is a four gate equivalent, consisting of 10 n-channel and 10 p-channel transistors 
arranged as two back-to-back 2-input and 3-input gate equivalents(see figure below). This architecture, 
combined with double layer metal interconnections, minimizes the number of gates necessary to implement 
macro functions and ensures efficient interconnection and routing. 

The Quad Logic Array family is fully supported by Hughes Design Automation software tools which include an 
extensive macro function library, logic capture, simulation and verification tools, testability analysis and fault 
modeling. Hughes' proprietary Gate Array Layout Automation system (GALA) allows for automatic placement 
of macros and routing of the interconnection patterns. The HCMOS process provides switching speeds 
exceeding that of Schottky/TTL while providing low power consumption, high noise immunity, and ease of 
design. 

The Quad Logic Array family is available in a variety of ceramic and plastic DIPs, lead less chip carriers and pin 
grid arrays. See page 5 for more details. 

FEATURES 

• High Performance 31-1 HCMOS 
Silicon Gate Technology 

• TTL and CMOS I/O Compatibility 

• Output Buffer Options Provide Drive Currents 
of up to 16m A 

• Standard Process is MIL. STD. 883 

• Up to 172 I/O Buffers Available 

• P Channel and N Channel Sizes for 
Symmetrical Switching (Wp = 2Wn) 

Quad Logic Array Family 

'< // .i>M" 11.20'88 
Number of Gales 2K 

T91al Pads 88 

1/0 Pads 84 

.t>"C~I~OPTION$ .....• 
DIP 24-64 

Lee 68,84 

Pin Grid Array 68,84 

Flat Pack -

* In development 

....... 
H41~. 

. 
4K 

120 

116 
...... . .. 

28-64 

68,84,100 

84,120 

80 

, 
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• Extensive Macro Library Available 

• Two Levels of 
Metal Interconnection 

• Propagation Delays of 1.4 Nanoseconds 
and Data Rates up to 35 MHz 

H6"li:4 
6K 

152 

148 

:..c---.- ..... ~ 
-

120 

156 

-

H8180 

8K 

180 

172 

---

-
180 

180* 

Quad Cell Schematic 

!p N *p 
P N N P 

P N N P 

#~ 
~~ 
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ABSOLUTE MAXIMUM RATINGS 
(Referenced to Ground) 
DC Supply-Voltage Range (VOO) ....... - 0.3 to + 7.5 Volts 
Input Voltage (VI) ..............•...... -'- 0.3 Volts to (VOO + 0.3) Volts 
DC Input Current(ll) ................... ± 10 mA 
Storage Temperature Range (TSTG) 

Ce.ramic ........................... - 65 to + 150°C 
Plastic ............................. - 40 to + 125°C 

RECOMMENDED OPERATING CONDITIONS 
Operating Ambient Temperature Range (T A) 

Military ............................ -'-- 55 to + 125°C 
Industrial .......................... - 40 to + 85°C 
Commercial ....................... . 

DC Supply Voltage (VOO) ............. . 
o to + 70°C 

+ 3 to + 6 Volts 

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

D.C. CHARACTERISTICS, Specified at VDD = 5V ± 10% (referenced to Ground), TA = - 55 to + 125°C. 

~ 

A.C. CHARACTERISTICS (Typical Values), Supply Voltage (+V) = 5V, TA = + 25°C 

NAND, 2· Input 

NAND, 3- Input 

NOR, 2- Input 

NOR,3-1 

D Flip/Flop 

Input Buffer, R1 

14 



Quad Logic Arrays 

A.C. CHARACTERISTICS, cont. 

OUTPUT LOADING SYMBOL 15pF 50pF 100pF 150pF UNITS 

Output, T1 tpHL 5.96 13.83 25.03 36.2 
tpLH 3.66 8.95 16.5 24.5 ns 

Output, T2 tpHL 5.55 9.66 15.30 21.0 
ns tpLH 3.08 5.75 9.53 13.30 

Output, T3 
tpHL 6.12 9.10 13 16.8 
tpLH 3.25 5.08 7.6 10.13 ns 

DESIGN AUTOMATION 

The heart of Quad Logic Array implementation is the well-documented macro library. The figure below depicts the parallel 
paths for LSI and macro developments. 

Each developmental step is supported by the software indicated and the designer may choose to enter the development 
cycle at any step as long as the data bases are compatible. New macros are continuously being added to the library and are 
available for general use after verification and simulation. 

DESIGN 

DESIGN 
CAPTURE 

SIMULATION 
& TEST GEN. 

MACRO DESIGN 

PLACEMENT 
& ROUTING 

HCMOS LSI DESIGN 

15 

TIMING 
VERIFICATION 

P.G. 

PHOTO 
MASKS 
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POWER DISSIPATION ESTIMATES 

The most important elements of power dissipation in HCMOS circuits are the charging and d.ischarging of circuit 
capacitances and output loading. Power dissipation due to leakage currents and switching overlap currents are normally 
negligible over· the standard. logic operating conditions. 

The capacitive switching power is equivalent to P = fCV2; where P = power dissipalion, f ";switching frequency, 
C = capacitance being switched, and V = the voltage change across the capacitance. The following guide can be used for 
initial estimation of power disSipation of the Quad Logic Array family. 

1. Equivalent gate dissipation PG =0.016 mW/MHz 
(2-input NAND with fanout = 2 and 2 mm of interconnect) 

2. Output Dissipation 
Type mW/MHz/pf 

T1 0.026 
T2 0.0265 
T3 0.027 

Example for Power Dissipation Estimation 

1. Internal logic dissipation: 

a) No. of equivalent gates utilized 
b) Percent switching each cycle 
c) No. of gates switching each cycle 

6,500 
15% 
975 

d) Power per gate/MHz 0.016 mW/MHz 
Total internal logic dissipation = 15.6 mW/MHz 

2. Output power dissipation: 

a) No. of T3 outputs utilized 72 
b) Output load capacitance (avg) 50 pF 
c) No. of outputs switching (avg) 18 
d) Power per output of MHz 1.35 mW/MHz 

Total output power dissipation = 24.3 mW/MHz 

3. Total power per MHz (1 + 2} = 39.9 mW /MHz 
@ 10 MHz Power = 399 mW 

Use the above estimation technique during initial design. More accurate power dissipation estimates can be made with 
actual interconnect capacitances as determined from routing data and from nodal switching as determined during logic 
simulation. 

PROPAGATION DELAY ESTIMATION 

The tabulation of typical AC Characteristics provides a method of estimating the propagation delays through the logic 
circuitry by summing the effects of gate fanout, interconnect loading and input rise and fall times for each node of interest. 

The macro library data sheets provide curves and data for worse case (VDD = 4.5V, T A = + 125°C); best case (VDD = 5.5V, 
T A = - 55°C) and nominal case (VDD = 5V, T A = + 25°C) conditions. To estimate delays at other conditions, the following 
multipliers may be used to account for temperature and supply voltage variations. 

The above consideration for gate loading, gate input rise and fall times, temperature variations and supply voltage variations 
are all determined for nominal production conditions. Estimating "worse case" and "best case" delays should include a 
40% factor for lot-to-Iot manufacturing variations. 

16 
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Quad Logic Arrays 

DEVELOPMENT CYCLE 

Hughes offers several levels of design interface. Your engineers may do the entire design or Hughes' engineers can do the 
design work. The chart below details the levels of interface. 

:-'-'-'-'-'-'-'-'-'-'-'1 
I SPECIFICATIONS • i FUNCTIONAL DESCRIPTIONS ! 
• TIMING REQUIREMENTS I 
I 110 SPECIFICATIONS • _._._._._ .. _._._._._.1 

INITIAL DESIGN REVIEW 

1- - - --L~IC DE-;';- - --I 
L.-----r----..J 
IL- - ~~~K DE~I;;O;---, 
-----r.----..J 
,- - -;;G;-SIMUr:;I~ - --I 
L..----::L-----J 

---I - TESTvECrOR GENERATION - -, 
PARAMETRIC TEST LIMITS I l ____ ~ALYSI~ ___ _ 

PRELIMINARY DESIGN REVIEW 

r---------- ----------, 
: AUTOMATIC PLACEMENT : 

~----------f----------I r---------- ----------. 
: AUTOMATIC ROUTING : 
L __________ ~-----_----. 

r----------~---------, I TIMING VERIFICATION : 
L __________ { __________ ' 

r---------- ---------~ I ASSEMBLY DRAWINGS : L. _ _ _ _ _ _ _ _ _ _ _ _______ __ • 

PACKAGING 

CRITICAL DESIGN REVIEW 

r------ ------, 
l __ M~~K:~lBR~~T~O~--J 

,...----- ------, 

FINAL DESIGN REVIEW 

RELEASE TO PRODUCTION 

- = CUSTOMER AND HUGHES - ____ = HUGHES 
- - = CUSTOMER OR HUGHES _. _ •• = CUSTOMER 

The standard packages listed below are available for the Quad Logic Array family of High Performance Gate Arrays. The 
primary package used for each type is further highlighted. Pin grid array packages are preferred for prototype evaluation. 
Package types other than those listed may be available upon request. 

• In Development 
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DESCRIPTION 

Hughes' 3104 is a CMOS Electrically Erasable and Programmable Read Only Memory (EEPROM) 
organized 512 x 8. It is ideal for applications where large amounts of data must occasionally be 
altered and then stored during power down conditions such as program storage, data tables or data 
collection. 

Data modification is accomplished by first raising the power voltage, VDD to + Vpp and selecting the 
device with CS high (+5V). Then, erasing or writing is controlled with T2L level signals to the 
appropriate control inputs OE (Erase) and CE (Write). 

All read operations are performed with VDD at 5 volts. With CS ata high level, the falling edge of the 
Chip Enable signal (CE) latches a valid address input and initiates the accessing of data. The 
information is enabled on the bus when Output Enable (OE) is a low level. 

The Chip Select (CS) inputforthis device is functional in all modes, allowing for chip selection in the 
Read, Erase, or Write modes independent of OE and CE inputs. 

The 31 04 is available in a 24 lead hermetic dual-in-line ceramic package (D suffix), plastic package 
(P suffix), cerdip (Y suffix) or leadless chip carriers, (L suffix). 

FEATURES 

• 512 x 8 CMOS EEPROM 
• TTL Level Erase/Byte Write Controls 
• 1 ms Erase/Write times 
• 10,000 Erase/Write cycles 
• 10 year Data Retention 
• 3-Line Control Architecture 
• 10 IJW Typical Quiescent Power Dissipation 
• JEDEC Approved 24 pin DIP 
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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 
Storage Temperature Range ....... -65 to + 150°C 

RECOMMENDED OPERATING CONDITIONS 

Voo Supply Voltage 5 :!:. 1 Volts 

Temperature Range HC3104 O°C to + 70°C 

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. 

16:!:. 1 Volts 

O°C to + 70°C 
r-----------~----------------------------~--------------------------~ 

HI 3104 -40°C to + 85°C 

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

ICC1 Standby Current 2 

ICC1A Active Current' 2 

VOL Output Low Voltage 0.25 

VOH Output High Voltage 4.5 2.4 

VIL Input Low Voltage 

VIH Input High Voltage 2.4 

III Input Leakage Current' :!:. 0.1 

ILO Output Leakage 
+ 0.3 

Current' 

Erase or Write: VDD = 17V Unless Otherwise Specified 

Input Leakage 
Current' 

Output Leakage 
Current' 
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-40°C to + 85°C 

100 100 IJA VIN = 0 or VOO 

100 100 IJA CE = OE = 0 

0.45 0.45 V VOO = 4.75V, 10 = 2.1mA 

2.4 V VOO = 4.75V, 10 = -4OOIJA 

0.6 0.6 V VOO = 4.75V 

2.4 V VOO = 5.25V 

:!:.1 :!:.1 IJA VIN = 0 or VOO 

:!:.1 :!:.1 IJA Vo = 0 or VOO 

+ 1 IJA VIN = 0 or Voo 

+ 1 Vo = 0 or Voo 



AC OPERATING CHARACTERISTICS 
Read: Vee = 5V Unless Otherwise Specified 

SYMBOL PARAMETER 

tASU Address Set Up Time 

tAH Address Hold Time 

tACE Access Time from CE 

tOE i Output Enable Time 

tACS Access Time from CS 

I tOF 
I 

OE to High Impedence 

I tOH Output Hold from 
I OE, CE, or CS which 

I ever occurs first 

I tCEH CE High Time 

i ICC3 I 
Oynamic Current 

READ TEST CONDITIONS 
Output Load: CL = 50pF 

I 

I 

I 

I 

Input Levels: VH = 2.4 Volts, VL = 0.45 Volts 

2SoC 

TYPICAL' 

0 

100 

500 

250 

550 

350 

0 

0.5 

1.0 

H 3104 

~3104 HI 3104 

O°C to +70°C -4010 +8SoC TEST 

I 

i 

I 

MIN. MAX. MIN. MAX. 
UNITS CONDITIONS 

75 - 75 - ns CS = VH 

200 - 200 - ns CS=VH 

- 800 - 825 ns CS = VH, OE = VL 

- I 375 - 400 ns CS = VH, CE = VL 

- -
- 800 - 825 ns CE = VL, OE = VL 

- 450 - 475 ns CE = VL, CS = Vt-j 

I I 0 - 0 - ns -

1.4 - 1.4 - fJs -
~-

- 1.2 - 1.2 mA f = 100KHz 

Timing Measurement Reference Levels: Input = Output = 50% 
Input Rise and Fall Times: tr = tf = 10ns 

Erase and Write, Vee = 16V Unless Otherwise Specified 

HC3t04 HI 3104 

.'. 2SoC O°Cto +70°C I -40 to +8SoC I TEST 

SYMBOL PARAMETER TYPICAL' MIN. MAX. MIN. MAX. 
UNITS I CONDITIONS 

i 
tvps Program Set Up Time' - i 5 - 5 - i.Js 

I -

tEP Erase Pulse Width 2 1 I 1 10 1 10 ms CS = VH, CE = VH 

twp Write Pulse Width 2 1 1 10 1 10 ms CS = VH, OE = VH 
.-

tos Oata Set Up Time' 200 260 I - 260 - ns CS = VH, OE = VH 

tOH Oata Hold Time' 200 260 I - 260 - I ns CS = VH, OE = VH 

tASP Address Set Up Time' 200 260 - I 260 - I 
I ns CS = VH 

tAHP Address Hold Time' 200 260 - 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 
HC3104 HI 3104 

2SoC O°C to +70°C "4010+ 85°C TEST 
SYMBOL PARAMETER TYPICAL' MIN. MAX. MIN. MAX. UNITS CONDITIONS 

VOO = 16V 
E Endurance,,3 100,000 10,000 - 10,000 - Cycles/Byte tEP = twp = 1 ms 

TR Retention' ,4 - 10 - 10 - Years VOO = 0 to 5V 

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. 
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TIMING WAVEFORMS 
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OPERATING MODES 

The 3104 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 3104 functions as a normal CMOS ROM. When 
the power input (VDD) is raised to + Vpp, the Erase or Program Mode is enabled. In the Erase Mode, 
all bytes are reset to a logic low (GND).ln the Program Mode, bits ofthe addressed byte may be setto 
a logic high. An Erase Operation is required before re-writing over previously Programmed data. 
Detailed procedures for each mode follow: 

READ MODE: The circuit reads addresses on the falling edge of CE and latches the accessed data 
until CE goes high again. The latched data will appear 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 (alia'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 programmed 
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 + VDD 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. 

Stat$ oe 
, 

oS DE Voo 110 Bus 

Standby (unselectedf X X X Floating 
Standby (unselected)" 1 X Floating 
Standby (selected) 0 +5 Floating 
Read 0 +5 Floating 
Read 0 +5 Oata Out 
Erase 1 +Vpp Floating 
Program 0 1 +Vpp Data Input 
Prohibited State 0 0 +Vpp Data Input 

NOTE 5. Recommended modes for VDO transition to and from + Vpp. VDD should not fall below Input levels dunng tranSItion. 

PIN DESCRIPTIONS 
MA O-MA 8: Address inputs which select one of 512 bytes of memory for either Read or Program. 
The addresses need to be valid only during the falling edge of CEo 
110 0-110 7: Bidirectional three-state data lines that are Data outputs during Read operation and 
Data inputs during Program operation. 
GND: Negative supply terminal and V = a reference. 
VDD: Positive supply terminal. It is raised to + Vpp for Erase and Program 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 operates high. 
CE: Chip Enable. This input causes the circuit to read the addresses at its falling edge for both Read 
and Program operations. Forthe Read operation, accessed data is latched and valid as long as CE 
is held at Logic Low. If VDD = + Vpp, a Logic Low causes a byte program 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 

Hughes' H31 08 is a CMOS Electrically Erasable and Programmable Read Only Memory (EEPROM) 
organized 1024 x 8. It is ideal for applications where large amounts of data must occasionally be 
altered and then stored during power down conditions such as program storage, data tables or data 
collection. 

Data modification is accomplished by first raising the power voltage, VDD to + Vpp and selecting the 
device with CS high (+5V). Then, erasing or writing is controlled with T2L level signals to the 
appropriate control inputs OE (Erase) and CE (Write). 

All read operations are performed with VDD at 5 volts. With CS at a high level, the falling edge of the 
Chip Enable signal (CE) latches a valid address input and initiates the accessing of data. The 
information is enabled on the bus when Output Enable (OE) is a low level. 

The Chip Select (CS) input forthis device is functional in all modes, allowing for chip selection in the 
Read, Erase, or Write modes independent of OE and CE inputs. 

Hughes' H3108 is available in a 24 lead hermetic dual-in-line ceramic package (0 suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H suffix) 
are available upon request. Information on Hughes' HB3108, 1K x 8 Military EEPROM is available 
upon request. 

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 
• 3-Line Control Architecture 
• 10 fJW Typical Quiescent Power Dissipation 
• JEDEC Approved 24 pin DIP 

FUNCTIONAL DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 

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

Input Voltage Range ...... , ...... '. .. -0.3 to VDD + 0.3 Volts 
Storage Temperature Range ........ -65 to + 150°C 

RECOMMENDED OPERATING CONDITIONS 

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

Erase or Write: VDD = 17V Unless Otherwise Specified 

III Input Leakage 
Current' ' 

Output Leakage 
Current' 

:':.0.1 

:':.0.3 

28 

NOTE: Stresses above thOse listed urider 
"AbsOlu.te 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. notimRlied. Exposure to 
absolute maximum rating conditions for ex­
tended periods may affect device reliability. 

IlA VIN = 0 orVoo 

Vo = 0 orVoo 



AC OPERATING CHARACTERISTICS H 3108 

tASU Address Set Up Time 0 75 75 ns CS=VH 

tAH Address Hold Time 100 200 200 ns CS=VH 

tACE Access Time from CE 500 800 825 ns CS = VH. OE = VL 

tOE Output Enable Time 250 375 400 ns CS = VH. CE = VL 

tACS Access Time from CS 550 800 825 ns CE = VL. OE = VL 

tDF OE to High Impedence 350 450 475 ns CE = VL. CS = VH 

tOH Output Hold from 
OE. CEo or CS which 0 0 0 ns 
ever occurs first 

tCEH CE High Time 0.5 1.4 1.4 IJs 

ICC3 Dynamic Current 1.0 1.2 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, Vee = 16V Unless Otherwise Specified 

PROGRAMMING TEST CONDITIONS 
Input Levels: VH = 3.8 Volts. VL = 0.6 Volts 

NONVOLATILE CHARACTERISTICS 

NOTES: 
1. This parameter is only sampled and is not 100% tested. 

Timing Measurement Reference Levels: Input = Output = 50% 
Input Rise and Fall Times: tr = tf = 10ns 

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. 
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TIMING WAVEFORMS 
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OPERATING MODES 
The 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 3108 functions as a normal CMOS ROM. When 
the power input (VDD) is raised to + Vpp, the Erase or Program Mode is enabled. In the Erase Mode, 
all bytes are reset to a logic low (GND).ln the Write Mode, bits of the addressed byte may be set to a 
logic high. An Erase Operation is required before re-writing over previously Programmed data. 
Detailed procedures for each mode follow: 

READ MODE: The circuit reads addresses on the falling edge of CE and latches the accessed data 
until CE goes high again. The latched data will appear 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 D's in memory) is accomplished by setting CEand 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 I/O bus. 
Erasure can also be controlled by CS if OE is already low. 

WRITE MODE: A Write consists of programming 1 's into bits that contain a 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 I/O 
lines while CE is low. A Write operation can follow an Erase while holding + VDD 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 
,state ct: cs OE voo 1I0B~~ 
Standby (unselected)' X 0 X X Floating 
Standby (unselected)" 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 
Prohibited State 0 0 +Vpp Data Input 
NOTE 5. Recommended modes for VDD transition to and from t- Vpp. VOO should not fait below Input levels dunng tranSItion. 

PIN DESCRIPTIONS 
MA O-MA 9: Address inputs which select one of 1024 bytes of memory for either Read or Program. 
The addresses need to be valid only during the falling edge of CEo 
BUS O-BUS 7: Bidirectional three-state data lines that are Data outputs during Read operation and 
Data inputs during Program operation. 
GND: Negative supply terminal and V = 0 reference. 
VDD: Positive supply terminal. It is raised to + Vpp for Erase and Program 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 operates high. 
CE: Chip Enable. This input causes the circuitto read the addresses at its falling edge for both Read 
and Program operations. For the Read operation, accessed data is latched and valid as long as CE 
is held at Logic Low. If VDD = + Vpp, a Logic Low causes a byte program 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 

Hughes' 3300 is a CMOS Electrically Erasable Programmable ROM (EEPROM), organized as 32 x B. 
Read and Write operations are performed with a single 5V power supply using simple TTL level 
control signals. 

Writing data into nonvolatile storage is performed in a similar manner to the write control of a static 
RAM. A short logic low pulse to the WE pin (Write Enable) initiates the byte write operation which is 
completed with on-chip timing (a separate erase operation is not required). Addresses and data are 
internally latched to free the system bus for other tasks during the write period. 

A Read operation is performed by presenting the byte address and enabling the chip with CE (Chip 
Enable) low. The device uses a two-line control architecture, CE and OE (Output Enable), to 
eliminate bus contention in a system environment. 

The 3300 is available in an 1B lead hermetic dual-in-line ceramic package (0 suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H suffix) 
are available upon request. 

FEATURES 

• Byte wide organization (32 x B) 

• Single 5V power supply (Read and Write) 

• Very low power dissipation (CMOS) 

• Byte programmable (no erase required) 

• On chip timing for byte write 

BLOCK DIAGRAM 
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MA 3 - MEMORY 

ADDRESS 
MA 2 - LATCH 

& 

MA 1 - ROW 
DECODER 

MA 0 -
,I MODE 1 

I CONTROL I t ~ 

I 

• On chip Address & Data latches 

• Simple and efficient 3-line control 
(CE, OE, WE) 

• Fast access time: 450ns typical 

• Fast Write time: 1 ms typical 
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DESCRIPTION 

Hughes' 3500 is a CMOS Nonvolatile RAM organized as 64 x 4. The device consists of a 
conventional static CMOS RAM paralleled by a background Nonvolatile EEPROM array. This 
combination is useful for applications where the fast data access time and unlimited 
reprogramming capabilities of RAMs and the nonvolatile data storage of EEPROMs is required; 
for example, reconfigurable systems or fault protection (without battery back up). 

Four modes of operation are provided: Read, Write, Store and Recall. Both Read and Write 
options are performed as in standard RAMs. A read is initiated by taking Chip Select (CS) low or 
by a change of address while CS is low. A Write is initiated withCS low and pulsing the Write 
Enable (WE) low. 

Nonvolatile operations: A Store pulse transfers all of the data in the RAM cells, in parallel, to the 
background nonvolatile array. The Recall pulse restores this data from the nonvolatile array to 
the RAM cells. 

All operations are performed at 5V supply voltage with TTL level data, address and control 
inputs. 

The 3500 is available in an 18 leadhermeticdual-in-line ceramic package (D suffix), plastic 
package (P suffix), or leadlesschip carrier (Lsuffix). 

FEATURES 

• Nonvolatile Data Storage 

• 64 x 4 Bit Organization 

• Single 5V operation in all modes 

• Fast access/Cycle time 
Access time - 300ns typical (from CS) 
Cycle time - 500ns typical 

• Standard pinout - 18 pin package 

A5 
A4 

A3 
A2~--j 

FUNCTIONAL BLOCK DIAGRAM 
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• Nonvolatile store operation - 10ms 

• Recall operation - 11ls 

• Wide temperature range 
-55°C to + 125°C - Ceramic Package 
-40°C to + 85°C - Plastic Package 

• Very Low Current 
Operational - 2ma typical 
Standby - 100 Ila typical 

PIN CONFIGURATION 

NC 

A4 2 17 

A3 3 16 

A2 4 15 

A 1 5 14 

AD 6 13 

CS 7 12 

Vss 8 11 

STORE 9 10 
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I/O 1 

I/O 0 
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RECALL 
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Hughes H3000 Eraser, Simulator, Programmer 

Hughes offers a complete low power unit to evaluate the 
capabilities of Hughes EEPROM family. The H3000 
provides the necessary modes to erase, program, read, copy, 
simulate, modify, and compare Hughes H 3004, 3008, 
3108, 3704, 3708, and the future Hughes Nonvolatile 
Memories, as well as members of the industry standard 
2700* family. 

HUGHES FEATURES 
Automatic Self Test 
To insure proper operation, the unit runs an automatic self­
check as power is activated and then displays the results. 

Easy to Operate 
The H3000 unit leads the operator (without the aid of the 
manual) through each mode of operation by requesting 
information via prompter messages on the 16 character 
display and the eight function keys. 

Software Controlled Selection 
The H3000, a microprocessor controlled unit, requires no 
personality boards, hardware changes or switch settings for 
selection of PROM types or data transfer port characteristics. 
The last selected parameters remain in the memory until they 
are altered or the power is turned off. 

*2700 series requires uv-erasure 
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Smart and Adaptive Programming 

The H3000 has an 8K x 8 static RAM buffer. The starti 
address for the buffer is software selectable in 4K rang~ 
Programming and editing are possible on any PROM by;. 
using available memory. For example, a 
16K x 8 PROM can be programmed or 
edited using an 8K x 8 buffer. 

The programming sequence is 
designed to minimize the possible 
programming time. Complete or 
partial programming is 
done automatically after 
the compare test. The 
H3000 is an intel­
ligent unit; it 
decides 

what byte(s) need to 
be programmed and whether the 
programming can be done without erasure. Also, while 
programming (on selected PROMs), the H3000 pulses 
word for 10ms at a time and tests the word after each 
Once the unit adequately retains the information, it 
programmed one more time. The unit rejects the 
more than five pulses are required to program. This 
and adaptive programming sequence saves significant tii' 
in programming any EPROM. The erase function can b: 
enabled to activate automatically in the case of EEPRO] 
when the programming is not possible without erasure. 11 
compare operation is performed at the end of each ' 
programming cycle for verification. 



Nerful Editor 

Edit mode allows very fast scrolling back and forth 
ugh the entire work space. In addition to the Examine 
Replace commands, the editor supports many text 

ing commands such as Move block, Find byte(s), Write 
all Os or Is, and Compare. 

A 24/2S-pin simulator 
cable plugs into user's 

PROM socket, allowing his 
programs to run through the H3000 

RAM buffer. Access time is 350 nsec or 
less. The simulator speeds up the 

elopment cycle by avoiding the need to erase and 
'ogram PROMs. 

rial and Parallel 110 

t data transfer in both directions is allowed through an 
232C and a parallel port. Start and end addresses 
the block can be user specified. 
1 the serial transfer, baud rate, parity bits/character, etc. 
keyboard selectable. 

ers Application 

!rs can employ the programmer to support their own 
)lication programs and additional PROMs via a special 
nmand to the HlS02 microprocessor in the unit's 
fer. 
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H3000 

The H3000 can provide a number of useful functions such 
as an aid in program development and check-out, a 
functional tester for incoming inspection, a remote 
programming unit, a field service tool, a production 
programmer, and many more. 

The unique capabilities of the H3000 are established by 
using Hughes CMOS devices including the IS00 
Microprocessor Family, the SK EEPROM for 
program storage and an Intelligent LCD Controller/ 
Driver chip set (H 0550/0551). These latter units 
allow a very simple interface between the microprocessor 
and the display. 

Product Demonstration and Evaluation 

The H3000 also offers a number of programs to demonstrate 
capabilities of Hughes EEPROM devices, Intelligent LCD 
Controller/Driver (H 0550/0551) and IS00 
Microprocessor Family. 

Operators can use resident subroutines to create new 
programs and apply the capabilities of the H3000 for their 
needs. ASCII data can be entered or read in the H3000 
without having a ASCII keyboard. 

Interactive Diagnostics 
A series of interactive programs help the user to diagnose a 
fault in the H3000 if it is suspected that the unit is not 
functioning properly. 



H3000 ESP Specifications 

Functions • PROM selection 
• Read data into buffer 
• Send data from buffer 
• Inspect, change, find data byte(s), move block, scroll 
• Compare, verify 
• Clear buffer to zeros Q! ones 
• Erase EEPROM 
• Program PROM partially or fully 
• Simulate PROM 
• Special modes to evaluate Hughes EEPROMs, LCD Drivers, and 

1802 Microprocessor 

H3000 

PROM Types • Hughes H 3004, 3008, 3108, 3704, 3708 and future nonvolatile 
memories; Intel 2704,2708,2758,2716,2732, 2732A, 2764,27128 or 
equivalent; National 27C16, 27C32 or equivalent, Texas Instruments 

PROM Sockets 
Display 

RAM Buffer 
Keyboard 

Data Transfer 
(To/From 83000 

Power Requirement 
Size (8 x W x L) 

Weight 

r------------------~ 
I I 

2532 or equivalent 

• A 24 pin and a 28 pin (zero insertion force sockets) 
.16 character, dot matrix LCD 
• 8 K x 8 static RAM 
.16 hexadecimal keys, 8 function keys 
• Serial - RS232C, parallel - with ready resume handshake 

Start address and end address of the block can be specified 
Baud rate 110, 300, 600, 1200, 2400, 4800, 9600 
Parity - odd, even, none 
Bits/character - 7, 8 
Stop bits - 1, 2 
Delay 

-100/115/230 VAC, 50/60 Hz 
• 4.5" x 12" x 15" 
- 10 Ibs. 

: HUGHES: SOLID STATE PRODUCTS 
I I L __________________ J 

HUGHES AIRCRAFT COMPANY 

500 Superior Avenue, Newport Beach, CA 92663 
Telephone: (714) 759·2942 TWX: 910-596-1374 

In Europe: Hughes Solid State Products 
Hughes Aircraft International Service Co. 
Schmaedel Str. 22, 8000 Munich, Germany 
Telephone: 49·89-834.7088 Telex: 5213856 HSPD 
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BLANK 
(NC) 

DESCRIPTION 

Hughes' 0437 is a CMOS/LSI circuit that drives a 4-digit LCD display from multiplexed BCD 
information. The inputs are four positive true strobe (digit select) signals and four BCD data 
lines. Such signals are generated by several LSI counting circuits including the Hughes' 4010 
and 6010. The input levels are compatible with PL and NMOS as well as CMOS. 

The outputs are four sets of seven segment drive lines with AC waveform and a backplane I 
signal. Input data is loaded into latches upon the positive edge of the appropriate strobe signal. 
The hexidecimal codes of 0 through 9 give the usual seven segment characters, 15 causes a 
blank, and 10 through 14 form the letters A, C, d, E, and F. The LCD<I> pin controls an internal 
oscillator that determines the LCD drive frequency. A capacitor must be attached at this point. 
The LCD <I> pin can be over driven by an external signal or the backplane signal of another 0437, 
allowing the use of a display of over four characters. The backplane signal is, thus, the same 
polarity as the impressed LCD<I> signal. 

The 0437 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 upon request. 

FEATURES 

• Drives a 4-digit LCD display • CMOS, NMOS, and PL compatible inputs 
• CMOS construction for: 

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

BLOCK DIAGRAM 

28 
SEGMENT 
DRIVER 

• Cascadable for larger displays 
• On chip oscillator 

PIN CONFIGURATION 

VDD 1· 40 
GND 2 39 
DS 4 3 38 

A4 4 37 
B4 5 36 
C4 6 35 
D4 7 34 

FOUR SETS 
OF? 
LATCHES 
EACH 28 SEGMENT 

E4 8 33 

LCD AC 
CIRCUIT 

L __ J---------....SACKPLANE 
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G4 
F4 

DS 3 
A3 
B3 
C3 
D3 
E3 
G3 
F3 

DS 2 
A2 

9 32 
10 31 
11 30 
12 29 
13 28 
14 27 
15 26 
16 25 
17 24 
18 23 

19 22 
20 21 

BCD 8 
BCD 4 
BCD 2 
BCD 1 
LCD</> 
BP 
F 1 
G 1 
E 1 
D 1 
C 1 
B 1 
A 1 
DS 1 

F2 
G2 
E2 
D2 

C2 
B2 



ABSOLUTE MAXIMUM RATINGS 

VOO .................................................... -.3 to + 17V 
Inputs .................................................. +VOO -17 to + VOO + .3V 
LCOq> Input ....................................... ; -.3 to + VOO + .3V 
Power Oissipation ............................. 250mW 
Operating Temperature 

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

Storage Temperature ........................ - 65 to + 125°C 

NO TE: 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 
conditions for extended periods may affect device 
reliability. 

ELECTRICAL CHARACTERISTICS at T A = +25° C and V DD = :!:. 5 unless otherwise noted. 

..... . "'< 1<>···· . .•. . ..•• <, F. ".:.: ... ,;:.:;::'::::':2;;/.:: .• l::.~.i~.i.;· •• :······· •. ~k~:··.·.· .. · ... .... 
·PARAME'tER •..•••.. , ...•...•.•..•...•.••............. ···2'.,..'~.· ••.• ~.· •...•••. i f •.•• · ·· •... ·•• •.. ·••· •. ···.·.·:~~:·2'.;:C"'·;. ...; ........ [ •• M~~ •• • .•. ~.~ •• ~::c!': .•..• . ... .. 

Supply Voltage VDD 3 10 V 

Supply Current IDD1 LCD<\> Osc at < 15 KHz 65 ~A 
IDD2 LCD<l> Driven 10 ~A 

Input High Level VIH .5VDD VDD V 

I nput Low Level VIL +VDD-15 .2VDD V 

Input Current IL 5 uA 

I nput Capacitance CI 5 pf 

Segment Output Impedance RON IL = 10~A 50 KO 

Backplane Output 
Impedance RON 3 KO 

Strobe Rate f 25% Duty Cycle DC 500 KHz 

BCD Set-up Time tDS BCD Data change to 
Strobe rising edge 0 nsec 

BCD Hold Time tDH Strobe rising edge 
to BCD Change 300 nsec 

OS Rise Time tR 100 nsec 

LCD.:j> Input High Level VIN .8VDD V 

LCD<l> Input Low Level VIL .2VDD V 

LCD<l> Input Impedance RIN Typical 2 MO 

TIMING DIAGRAMS 

BCD DATA ~ VALID WM' ~ 
~tDS--•• +-o1~t-tDH~ 

DSSTROBE I I 
---- ---
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TYPICAL SYSTEM INTERCONNECT 
(CASCADED TO DRIVE 8 CHARACTERS) 

I-' I ; C 
I_I I :' -, 

4x7 
CHAR SEG 

DS1-4 0437 

OPERATING NOTES 

-; -; C I - I , ,- _, 
4x7 

CHAR SEG 
BP 

0437 

1. The latches load on the rising edge of Digit Strobe (DS) signals. 

H 0437 

DS5-8 

2. To cascade units, either connect the Backplane of one chip to LCD,et> of another chip (thus one 
capacitor provides frequency control for all chips) or connect LCDet> of all chips to a common driving 
signal. If the former is chosen, don't tie all backplanes together (just use one of them) and drive LCDet> 
with a Backplane output that doesn't go to the actual backplane. This reduces the DC component of 
driving signals. 

3. The supply voltage of the 0437 is equal to half the peak driving voltage of the LCD. If the 0437 supply 
voltage is less than the swing of the input logic signals, the positive supply leads of the logic circuitry 
and the 0437 should be tied in common, but not the ground (or negative) supply leads. Be careful that 
the input level specifications ere met. 

4. The LCDet> pin can be used in two modes, driven or oscillating. If the LCDet> is driven, the backplane will 
repeat its frequency. If the LCDet> pin is allowed to oscillate, its frequency is inversely proportional to 
capacitance and the LCD driving waveforms have a frequency 28 slower that the oscillator itself. The 
relationship is shown graphically. 
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OPERATING NOTES, cont. I. 

5. Each OS signal loads latches that control 7 outputs, but the assignment of which character 
in the display corresponds to which OS is arbitrary. The circuit does not havea requirement 
that certain characters in the display must come from certain output pins. 

6. All LCO Output signals are square wave of amplitude equal to the supply voltage. 
Compared to the backplane signal, on segments are out of phase and off segments are in 
phase. 

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' 7211 devices are configured to drive conventional 4 digit, 7 segment LCD displays. They 
feature on-chip oscillator, divider chain, backplane driver, and 28 segment drivers. These devices 
simplify the task of implementing a cost effective alphanumeric 7 segment display for micro­
processor systems since they latch data and perform character encoding. 

Two input configurations are available. One provides four data bit inputs and fourdigit select inputs. I 
This configuration (7211-1,7211-2) is suitable for interfacing with multiplexed BCD or binary output 
devices such as counters. The microprocessor oriented interface (7211-3, 7211 -4) devices provide 
data input latches and digit select code latches under control of chip select inputs. 

Two different decoder configurations are available. One configuration (7211-1,7211-3) will decode 
four bit binary input into a seven segment alphanumeric hexadecimal output. The other (7211-2, 
7211-4) versions will provide the output code 0-9, dash, E, H, L, P, blank. Either device will correctly 
decode BCD to seven segment decimal outputs. 

The 7211-117211-217211-3/7211-4 are 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 upon request. 

FEATURES 

• CMOS Circuitry 
Wide supply voltage range 
Low power operation 
High noise immunity 
Wide temperature range 

• Four digit non-multiplexed 7 segment 
LCD display outputs with backplane driver 

• Complete onboard RC oscillator to 
generate backplane frequency 

• Backplane input/output allows simple 
synchronization of slave-device segment 
outputs to a master backplane signal 

7211-1, 7211-2 
PIN CONFIGURATION 

v+ D 1 
E1 C 1 
G1 B 1 
F 1 A1 
BP Oscillator 
A2 GND 
B2 

D 4 ( Digit 
C2 D3 
D2 D2 Select 

E2 D 1 Inputs 

G2 B 3 } Data 
F2 B2 

Inputs 
A3 B 1 
B3 BO 
C3 F4 
D1 G4 
E3 E4 
G3 D4 
F3 C4 
A4 B4 
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• 7211-1, 7211-2 provide separate digit 
select inputs to accept multiplexed BCD 
input 

• 7211-3, 7211-4 provide data and digit 
select code input latches controlled by 
chip select inputs to provide direct 
microprocessor interface. 

• 7211-1, 7211-3: decode bi nary to 
hexadecimal 

• 7211-2,7211-4: decode binary to code B 
(0-9, dash, E, H, L, P, blank) 

7211-3, 7211-4 
PIN CONFIGURATION 

v+ D 1 
E1 C 1 
G1 B1 
F1 A 1 
BP Oscillator 
A2 GND 
B2 Chi[> Select 2 
C2 Chip Select 1 
D2 Digit Select Code Bit 2 
E2 Digit Select Code Bit 1 
G2 

B 3 \ F2 B2 Data 
A3 B 1 Inputs 
B3 BO 
C3 F4 
D1 G4 
E3 E4 
G3 D4 
F3 C4 
A4 B4 



ABSOLUTE MAXIMUM RATINGS 

Power Dissipation1 •••••••••••• 0.5 W at 70 0 e 
Supply Voltage .............. ,. 6.5 Volts 
Input Voltage2 .....•.••.•...•.• V+ + 0.3 Volts, Ground - 0.3 Volts 

(Any Terminal) 
Operating Temperature Range ... - 20 0 e to + 85°e 
Storage Temperature Range .... - 55°e to + 125°e 
Lead Temperature ............. 300 0 e 

(Soldering 10 sec.) 

NOTE 1: This limit refers to that of the package and will not be realized during normal operation. 

NOTE 2: Due to the SCR structure inherent in the CMOS process, connecting any terminal to 
voltages greater than V+ or less than Ground may cause destructive device latchup. For 
this reason, it is recommended that no inputs from external sources not operating on the 
same power supply be applied to the device before its supply is established, and that in 
multiple supply systems, the supply to the 7211 devices be turned on first. 

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 condi­
tions above those indicated in the 
operational sections of this specifi­
cation is not implied. Exposure to 
absolute maximum rating conditions 
for extended periods may affect 
device reliability. 

ELECTRICAL CHARACTERISTICS at T A = Full temperature range. All parameters measured with V + = 5V. 

Chip Select Active Pulse Width tCSA Other chip select either held active, or 
both driven together 
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TIMING DIAGRAMS 

(a) Multiplexed Input Timing 

DIGIT SELECT DN-1 

DIGIT SELECT 

ON DATA ___ J """"'"' ....... "'" 

On 
DATA VALID 

(b) Microprocessor Interface Input Timing 

Dn- 1 
DATA VALID 

CS1(CS2) ~ r-
"'(. ~==i:==;;;:;;:;:=~-J/ 

CS 2 (CS 1) 

DATA AND DIGIT ~~~'5/"::~~~~~~~ 

DIGITAL WAVEFORMS 

SELECT CODE ~ = DON'T CARE 

OSCILLATOR 1lf 
FREQUENCY 1..J1IlJ1J 1ru1f 1..J1IlJ1J 

r--------128 CYCLES-----J 
BACKPLANE ----.... 
INPUT/OUTPUT I I L-

_ ___ --11--64 CYCLES--!--64 CYCLES-! 
OFF SEGMENTS I I L-

ON SEGMENTS -----' L-..-_--Jr-
FUNCTIONAL DESCRIPTION 

H 7211 

The LCD devices in the 7211-1,7211-2,7211-3,7211-4 family provide outputs suitable for driving conventional 
four digit by seven segment LCD displays. They include 28 individual segment drivers, a backplane driver, and a 
self-contained oscillator and divider chain to generate backplane frequency. 

The segment and backplane drivers consist of a CMOS inverter, with the n- and p-channel devices ratioed to 
provide identical on resistances, and thus equal rise and fall times. This eliminates any d c component which 
could arise from different rise and fall times, and ensures maximum display life. 

The backplane output devices can be disabled by connecting the oscillator input (pin 36) to the negative supply. 
This allows the 28 segment outputs to be synchronized directly to a signal input at the BP terminal (pin 5). In this 
manner, several slave devices may be cascaded to the backplane output of one master device or the backplane 
may be derived from an external source. This allows the use of displays with more than 4 digits and a single 
backplane. The limitation on how many devices that can be slaved to one master device backplane driver is the 
additional load represented by the larger backplane of displays of more than four digits, and the effect of that load 
on the backplane rise and fall times. The backplane driver devices of one device should handle the backplane to 
a display of 16 one-half-inch characters without the rise and fall times exceeding 5 ~s. (i.e. 3 slave devices and 
the display backplane driven by a fourth master device). It is recommended that if more than four devices are to 
be slaved together, that the backplane signal be derived externally and all the 7211 devices be slaved to it. This 
external signal should be capable of driving very large capacitive loads with short (1-2 ~s) rise and fall times. The 
maximum frequency for a backplane signal should be about 125Hz although this may be too fast for optimum 
display response at lower display temperatures, depending on the display used. 
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FUNCTIONAL DIAGRAMS 

04 
SEGMENT OUTPUTS 

7211-1,7211-2 

03 
SEGMENT OUTPUTS 

02 
SEGMENT OUTPUTS 

01 
SEGMENT OUTPUTS 

~T~TS l====================~~~====t=======~j:~===t========~:t====+=======~J 

OSCILLATOR OSCILLATOR 
INPUT ------.-----------i16KHzFREE -128 

DATA 1 
INPUTS 

2-BIT DIGIT 
SELECT 
CODE INPUT 

CFfTF'Sl'IJ'CT1 

CHIP SELECT 2 

OSCILLATOR 
INPUT 

04 
SEGMENT OUTPUTS 

RUNNING 

7211-3,7211-4 

03 
SEGMENT OUTPUTS 

OSCILLATOR 
16 KHz FREE - 128 

____ __.----------1 RUNNING 
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BACK­
PLANE 
DRIVER 

ENABLE 

BP INPUT/ 
OUTPUT 

02 
SEGMENT OUTPUTS 

BACK­
PLANE 
DRIVER 

01 
SEGMENT OUTPUTS 

ENABLEr-..... -- BP INPUT / 
OUTPUT 



(c) 1802 Microprocessor Interface via I/O Instruction Control 

In 0 
n 
0 

n 
0 

7211·3 ,{) 
HIGH ORDER mGITS 

+5V - 1 V' 
SEGMENTS ;~~~ 

~ 
35 DATA 37-40 

B 0-8 3 

8-DIGIT 
LCD DISPLAY 

.-. (. 
.-. 
(. 

n 
0 

BP5J- 5 BP 

n 
0 nl 0 

{) 
7211-3 

lOW ORDER DIGITS 

~'_~~ SEGMENTS V'1 

37-40 35 

DATA OSC36 

- 38 ase ~oDg11 °;22 C;31 cf42 ~DSl DS 2CS1CS 2 
27 28 2930 31 32 33 34 

1802 II 15 
BUS 0 14 
BUS 1 13 
BUS 2 12 
BUS 3 11 BUS 4 

10 
BUS 5 
MRD 7 

NO 19 

(d) 80C48/8048/8748 Microcomputer Interface 

1/0 
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8-DIGIT 
7211 3 

II 

8355/8755 NOT NECESSARY 
TO 7211-3 INTERFACE 

NC 1 PROG 

12 ADO 
13 ADl 
14 AD2 
15 AD 3 
16 AD4 
17 AD5 
18 AD6 
19 AD 7 

H 7211 

f--- V' 

h 
+5V 

I 

PA 7 

PBO 

NC NC 



The onboard oscillator is designed to free run at approximately 16KHz at microampere pOW!3r levels. The 
oscillator frequency is divided by 128 to provide the backplane frequency, which will be approximately 125Hz 
with oscillator free-running. The oscillator frequency may be reduced by connecting an external capacitor to the 
oscillator terminal (pin 36). The oscillator may also be overdriven if desired, although care must be taken to 
ensure thatthe backplane driver is not disabled during the negative portion of the overdriving signal (which could 
cause a d.c. component to the display). This can be done by driving the oscillator input between the positive 
supply and a level out of the range where the backplane disable is sensed, about one fifth of the supply voltag'e 
above the negative supply. Another technique for overdriving the oscillator (with a signal swinging the full 
supply) is to skew the duty cycle of the overdriving signal such that the negative portion has a duration shorter 
than about 1 microsecond. The backplane disable sensing circuit will not respond to signals of this duration. 

INPUT CONFIGURATION AND OUTPUT CODES 

...• </ .••.•...•...• ·.·ili;:·~ .... ~.:"";; i. liii . :i. • .....•........ .......•..... ii 

7211-1P Multiplexed 4-bit Hexadecimal 

7211-2P Multiplexed 4-bit Code B 

7211-3P Microprocessor Hexadecimal 
Interface 

7211-4P Microprocessor Code B 
Interface 

OUTPUT CODES SEGMENT ASSIGNMENT 

BINARY 
B3 B2 B1 BO HEXADECIMAL CODEB 
0 0 0 0 " " u u 

0 0 0 1 

0 0 0 2 2 a 
0 0 1 1 OJ OJ .. c' oJ 

0 0 0 4 4 fl 9 I b 0 0 1 5 5 
0 0 S S -0 1 

-, -, el d Ic I I 

0 0 0 .-, 8 0) .. 
9 (> 0 0 1 oJ 

0 0 A 
0 1 1 b E 

0 0 r' H '-' 
0 1 d I 

L 

0 E P 
F (BLANK) 
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SIGNAL DESCRIPTION: H 7211 

Al, A2, A3, A4 
81,82,83,84 
Cl, C2, C3, C4 
01,02,03,04 
El,E2,E3,E4 
Fl,F2,F3,F4 
Gl, G2, G3, G4 

80,81,82,82 
01,02,03,04 
OSl,OS2 

OSC 

8P 

APPLICATIONS: 

- Outputs directly connected to the "a" segments of LCD 
- Outputs directly connected to the "b" segments of LCD 
- Outputs directly connected to the "c" segments of LCD 
- Outputs directly connected to the "d" segments of LCD 
- Outputs directly connected to the "e" segments of LCD 
- Outputs directly connected to the "f" segments of LCD 
- Outputs directly connected to the "g" segments of LCD 

- Data input bits select appropriate output code BO is the least significant bit 
- Digit selects bits (7211-1, 7211-2) D 1 is the least significant bit 
- Two bit digit select code (7211-3, 7211-4) DS 1 is the least significant bit 

DS2 
o 
o 

DS 1 
o selects D 4 
1 selects D 3 
o selects D 2 
1 selects D 1 

- Chip select signals (7211-3,7211-4): when both CS 1 ,CS 2 are low, the data atthe 
Data Inputs (B O-B 4) and Digit Select Inputs (D 1-D 4) are written into the input 
latches. On the rising edge of either chip select, the data is decoded and written into 
the output latches. 

- Oscillator input can be floating or tied to external capacitor. When grounded, 
disables BP output devices, allowing segments to be synched to an external signal 
input at the BP terminal. 

- See OSC pin above. 

(a) Cascading and Synchronization: 

BCD/BINARY DATA 
D8 

D7 
D6 

DIGIT D 5 
SELECTS D4 

D3 

D2 
D1 

D8 D7 D6 D5 I D4 D3 D2 D1 

8 DIGIT _I 0 0 n 010 n n I-I L BACKPLANE 

LCD DISPLAY I_I I_I 0 I_I I I_I 0 0 01 
BACKPLANE l I 

BACKPLANE 1 
SLAVE 28 MASTER 28 

-5V- v+ 
SEGMENTS 

-5V- v+ 
SEGMENTS 

F[ 
GND r GND 

HIGH ORDER LOW ORDER 
7211-2 7211-2 asc - asc B 3-B a D 4 D 3 D 2 D 1 B3-BO D4D3D2D1 BP BP 

+ I -f4 1 
4 I 
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(b) 4112 Digit LCD DPM With Digit Blanking on Overrange 

03 25 

04 24 

B8 23 

lCL71C03A B4 22 

B2 21 

B1 20 
100KO 

INPUT OS 19 
INPUT 0.1 \-I F 

ANALOG GNO STROBE 18 

CLOCK 

UR 

OR 

300KO 

-15V 
L-__ -+_~'0KO 

10\-lF 

ANALOG GND 

+5V 

3202 

3303 

3404 

30 B 3 

2982 

28 B 1 

+15V: ANALOG POSITIVE VOLTAGE 
+5V: DIGITAL POSITIVE VOLT AGE (V+) 

OV: DIGITAL GROUND VOLTAGE 

-15V: ANALOG NEGATIVE VOLTAGE 

28 SEGMENTS 0 1-04 

7211-2 

2,3,4 
6-26 
37-40 

OPTIONAL 
CAPACITOR 

OSC 36 -1~ -- +5V 

22-100pF 

+5V 

10KO 

10K 
AOJUSTTO 
fc = 120 KHz 

T 300 pF 

OV 

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 drives an LCD display, usually under 
microprocessor control. The part acts as a smart peripheral, driving up to 32 LCD segments. 
It needs only three control lines due to its serial input construction. It latches the data to be 
displayed and relieves the microprocessor from 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<I> 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 on request. 

FEATURES 

• 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 

• CMOS, NMOS, and PL compatible inputs 
• Cascadable 
• On chip oscillator 
• Requires only 3 control lines 

PIN CONFIGURATION 
+VDD 1 CLOCK 
LOAD 2 SEG 1 

SEG 32 3 SEG 2 

SEG 31 4 SEG 3 
SEG 30 5 GND 

SEG 29 6 DATA OUT 

SEG 28 7 34 DATA IN 

SEG 27 8 33 SEG 4 

SEG 26 9 32 SEG 5 
SEG 25 10 31 LCD <I> 

SEG 24 11 30 BP 
SEG 23 12 29 SEG 6 

SEG 22 13 28 SEG 7 

SEG 21 14 27 SEG 8 

SEG 20 15 26 SEG 9 
SEG 19 16 25 SEG 10 

SEG 18 17 24 SEG 11 

SEG 17 18 23 SEG 12 
SEG 16 19 22 SEG 13 

SEG 15 20 21 SEG 14 
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ABSOLUTE MAXIMUM RATINGS 
VDD ......................... -.3to + 15V 
Inputs (Clk, Data In, Load) ..... " + VDD - 15 to +VDD + .3V 
LCDcp Input ................... -.3 to + VDD +.3V 
Power Dissipation .............. 250 mW 
Operating Temperature 

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

Storage Temperatu re ........... - 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. 

ELECTRICAL CHARACTERISTICS at T A = + 25°C and VOO = 5V unless otherwise noted 

RON 3 KO 

Data change to 
elk falling edge, VDD = 10 

tDS 150 nsec 

50 nsec 
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BLOCK DIAGRAM H0438A 

Clock 

Data I n ()---~ 32 BIT STATIC SHIFT REGISTER 

Load 32 LATCHES 

32 SEGMENT DRIVERS 

LCD AC 
LCD$()--~GENERATOR~------------------------~ 

TIMING DIAGRAM 

f-ol----1/1 ---~~I 
I~_... 1 

Clock J \'-_----Jf 

Data In =x ~""" ______ ...JX,,,," _____ _ 
f-i-tDH~ 

tDS I I 

Data Out X X 
_-----JI~_~ ~ __ 

I • .1 
tPD I 
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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 cP is driven, it is in phase with the Backplane Output. 
5. To cascade units, either connect Backplane of one circuit to LCDCP of all other circuits (thus 

one capaCitor provides frequency control for all circuits) or connect LCD cP 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 cP 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 cP pin can be used in two modes, driven or oscillating. If LCD cP is driven, the circuit 
will sense this condition and pass the LCDCP input to the Backplane output. If the LCDcp 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 cP 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 cP 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) 

CapaCitor 
(pij 

FIGURE 1 

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' 0488 is a CMOS/LSI circuit that drives a rectangular matrix LCD displays under 
microcomputer control. The display itself may be a standard x-y array or a custom array that 
geometrically is not regular at all. Applications include games, bar graphs, and various custom 
patterns. The 0488 is organized as 16 rows and 16 columns. It will drive an LCD display of up to 16 x 
16 directly and can be cascaded for larger displays. 

Data is input 4 bit parallel to minimize the time required to load in data. This circuit drives (using a 
multiplexed scheme) the display with proper voltage level waveforms, but does not handle refresh, 
character encoding, or AC generation. This results in lower parts cost and greater design flexibility, 
but puts more burden on the microcomputer. 

The 0488 is available in a 40 lead hermetic dual-in-line ceramic package (0 suffix), plastic package 
(P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H suffix) are 
available upon request. 

FEATURES 

• Direct drive of matrix LCDs 

• Cascadable for large displays 

• On chip preciSion voltage divider 

• CMOS construction for: 
Wide supply voltage range 
Low power operation 
High noise immunity 
Wide temperature range 

Row 4 
Row 5 
Row 6 

Data Clk 
Latch Pulse 

Data 0 
Data 1 
Data 2 
Data 3 

Row 16 
Row 15 
Row 14 
Row 13 
Row 12 
Row 11 
Row 10 

Row 9 
Row 8 
Row 7 

GND 

• CMOS, NMOS, and PMOS compatible 
inputs 

• Architecture allows arbitrary display 
patterns 

• 4 bit parallel input 

PIN CONFIGURATION 

1 • 40 + VDD 
2 39 Row 1 
3 38 Row 2 
4 37 Row 3 
5 36 Call 
6 35 Col 2 
7 34 Col 3 
8 33 Col4 
9 32 Col 5 
10 31 Col6 
11 30 Col7 
12 29 Col 8 
13 28 Col 9 
14 27 Col 10 
15 26 Col11 
16 25 Col 12 
17 24 Col 13 
18 23 Col 14 
19 22 Col 15 
20 21 Col 16 
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ABSOLUTE MAXIMUM RATINGS 

VDD ......................... -.3 to + 17 Volts 
Inputs ....................... + VDD - 17 to + VDD + .3 Volts 
Power Dissipation ............ 250 mW 
Operating Temperature 

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

Storage Temperature ......... - 65 to + 125°C 

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

ELECTRICAL CHARACTERISTICS at TA = + 25°C and Vee = 5V unless otherwise noted. 

..... o\i 
'<I'" ',<'iI, 

.PARAIYIE"ff,:R ..•. '. . .... SYMa~L/. .......••••...•. ·CO".PI,.tO .. i· •.. ' j .' ·MlN;<.· ····.fiII~;.· "'i . 
Supply Voltage VDD 3 8 
Supply Current IDD 1.5 

Input High Level VIH VDD-·5 VDD 
Input Low Level VIL -12 VDD-2 
Input Leakage IL 5 
Input Capacitance CI 5 

Output High Selected VOH VDD-·05 VDD 
Output Low Selected VOL 0 .05 

Output High Unselected V2/3 2/3 VDD-.05 2/3 VDD + .05 
Output Low Un selected V1/3 1/3 VDD -.05 1/3 VDD + .05 

Rowand Column Output 
RON IL = 1O~A 15 

Impedence 

Data in Setup Time tDS Data Change to clock fall 500 
Data in Hold Time tDH Clock Fall to data change 250 

Latch Pulse Width tpw 500 

TYPICAL WAVEFORMS 

1ST ROW (N_1)TH ROW NTH ROW 1ST ROW (N_1)TH ROW NTH ROW 

I 8 DATA BITS I 

DATA 0 

DATA 
CLK 

~I~I=IIII=II~,~,~~=-~~~--~~~ 11111111 11111111 
I 

11111111 I 1<, 11111111 11111111 
I 8 PULSES I 

-Ur-TfTllllrTTTlIl-----'U : 11111111 11111111 I LJ1lllllII 11111111 11111111 I 
I I 

LATCH II I 
PULSE .. ' , i 

I I I 
II I /1 II 
I I I 

'4NI1'$ 

V 
rnA 

V 
V 
~A 
pf 

V 
V 

V 
V 

KO 

nsec 

nsec 

nsec 

INTERNAL: . 
1 I 

I 
POLARITY ..!J i ~( ----------..., 

SIGNAL ~SELECTED ~ .. UNSELECTED--.... ~-: ... oI(:SELECTED-UNSELECTED-

II /I II 

TYPICAL I I-J , J I 1 

ROW L..--OFF I .1... ON _\11 ; OFF .. I. ON~ 
TYPICAL -, ! I I I 
COLUMN 1 i ! i 
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BLOCK DIAGRAM 

+VDD--. 

GND--' 

DATA CLK 

4 DATA ___ --, 

LATCH 
ENABLE 

LATCHPULSE-r~--~-----------~~~~ 

DATA 0 

TYPICAL SYSTEM BLOCK DIAGRAM USING 0488 

+ VCC 

MICROCOMPUTER.--_6----,,/ 
SYSTEM 

0488 

-VDIS 

LCD 
MULTIPLE 

LEVEL 
CKT 

ROW 
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COLUMN 
DRIVE 

8 SETS OF 4 
ADDRESSED LATCHES 

H 0488 
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OPERATING NOTES 

1. The addressed latches load when Data Clk is low. 
2. A logic 1 on Data In selects a row or causes a segment to be visible. 

3. A parallel transfer of data from the addressed latches to the holding latches occurs whenever 
Latch Pulse is high and Data Clk is high. 

4. Output drive polarity is inverted upon the falling edge of Latch Pulse if Data Clk is low. 
5. Latch Pulse, when high, resets the --:-- 8 latch address counter. 

6. When they are selected Rowand Column waveforms are full swing and out of phase with each 
other. Unselected rows swing from 1/3 to 2/3 of supply out of phase with a selected row waveform. 
Unselected columns operate analogously. 

7. The intended mode of operation is as follows: (see timing diagram) 
A. The Polarity signal (internal to circuit) has a frequency slightly above the flicker rate. 30Hz to 

50Hz is adequate. 

B. The Polarity signal should bea square wave of precisely 50% duty cycle to keep DC off the 
display. 

C. The latch pulse is exactly periodic with a frequency of Polarity frequency x 2 x number of 
backplanes utilized, plus 2 extra pulses per Polarity period. These extra pulses are 
associated with a change of Polarity. The state of Data Clk must change from high to low 
between these first and second closely spaced pulses. 

D. Each time increment contains 8 rising edges of Data Clk. 
8. To synchronize two circuits driving a large display, set Latch Pulse and Data 0 high with 

Data Clk low, drop Data 0, then begin normal timing. This initializes the Polarity FF. 

9. If supply voltage is altered to optimize LCD contrast or for temperature compensation, it is best 
to tie all positive supply terminals in common and vary the negative supply. This prevents 
inadvertently forward biasing diodes. 

10. Input order of 0488: 

'"''cf'>''' :'" i',;'" <i 1k;,e'tll{Je 
Data 0 R1 R5 R9 R13 C1 C5 C9 C13 
Data 1 R2 R6 R10 R14 C2 C6 C10 C14 
Data 2 R3 R7 R 11 R15 C3 C7 C 11 C15 
Data 3 R4 R8 R12 R16 C4 C8 C 12 C16 

11. The RMS drive voltages supplied by this IC to an N backplane LCD are as follows: 

VOFF = VDD/3 
VDD jN+8 

VON = 3 N 

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' 0538A and 0539A are a set of CMOS/ LSI circuits that drive a dot matrix LCD display under 
microcomputer control. The intended display is a 5 x 7 or 5 x 8 alphanumeric dot matrix with 
nearly any number of characters. Other matrix displays, such as games and custom arrays, could 
also be driven by this set of circuits. 

The 0538A is organized as 8 rows x 26 columns, and thus can handle up to five characters by itself. 
The 0539A is organized as 0 rows x 34 columns and is used in addition to the 0538A when more than 
26 columns are required. Data is serially input to maximize the number of output pins and minimize 
the number of control pins. This circuit set drives (using a multiplexed scheme) the display with 
proper voltage level AC waveforms, but does not handle refresh or character encoding. This results 
in lower parts cost and greater design flexibility, but puts more burden on the microcomputer. 

The 0538A and 0539A are available in a 40 lead hermetic dual-in-line ceramic package (D suffix), 
plastic package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H 
suffix) are available upon request. 

FEATURES 

• Direct drive of matrix LCDs • CMOS, NMOS, and T2L compatible inputs 

• Cascadable for larger displays • Requires only 3 control lines 

• On chip oscillator • Flexible organization allows arbitrary 

• CMOS construction for: display patterns 
Wide supply voltage range • Interrupt output to request data from 
Low power operation microcomputer 
High noise immunity 
Wide temperature range 

0538A 0539A 
PIN CONFIGURATION PIN CONFIGURATION 

+V 1 • 40 R 1 +V 1 • 40 C 1 
DATA IN 2 39 R2 DATA IN 2 39 C2 

ClK 3 38 R3 ClK 3 38 C3 
lCD<P 4 37 R4 lCD<P 4 37 C4 

GND 5 36 R5 GND 5 36 C5 
INTERRUPT 6 35 R6 INTERRUPT 6 35 C6 

C 26 7 R7 C 34 7 34 C7 
C 25 8 R8 C 33 8 33 C8 
C 24 9 C1 C 32 9 32 C9 
C 23 10 C2 C 31 10 31 C 10 
C 22 11 C3 C 30 11 30 C 11 
C 21 12 C4 C 29 12 29 C 12 
C 20 13 C5 C 28 13 28 C 13 
C 19 14 C6 C 27 14 27 C 14 
C 18 15 C7 C 26 15 26 C 15 
C17 16 C8 C 25 16 25 C 16 
C 16 17 C9 C 24 17 24 C 17 
C 15 18 C 10 C 23 18 23 C 18 
C 14 19 C 11 C 22 19 22 C 19 
C 13 20 21 C 12 C 21 20 21 C 20 
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ABSOLUTE MAXIMUM RATINGS 

VDD ......................... -.3 to + 15 volts 
Inputs ....................... + VDD - 17 to + VDD + .3 volts 
Power Dissipation ............ 250 mW 
Operating Temperature 

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

Storage Temperature ......... - 65 to + 125°C 

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

ELECTRICAL CHARACTERISTICS at T A = +25 ° and VOO = 5V unless otherwise noted. 

cCcc ,; ,C:O;,C'C .. 'c' ccc·. c, , "",,:.:,',": '1,;: :,:ccc'c.cccc' CCC" c c cc.cc:c c ecCe c"i,: '," ccc 
'c;f}I!H.,: 

c 'cc'cc"cc;'c.::; 
',c ", 'PAItAM~r~'!l cc' Cc $VMScOL ,cc'ccccCONPltION, , C"'cC cc,:c .'c c c'iAAi':; c .. .. ,c,,,,,,'C 

Supply Voltage VDD 3 10 
Supply Current IDD 750 

Input High Level VIH .8VDD VDD 
Input Low Level VIL VDD-15 .5VDD 
Input Leakage IL 5 
Input Capacitance CI 5 

Rowand Column Output Impedance RON IL= 1O IlA 40 
Interrupt Output Impedence RON IL= 1OO IlA 3 

Clock Rate f DC 1.5 
Data in Setup Time tDS Data change to clock fall 300 
Data in Hold Time tDH Clock fall to data change 100 
LCD<t> to Interrupt Output Delay tD 600 

LCD<t> High Level VIH .9VDD VDD 
LCD<t> Low Level VIL 0 ·1VOD 
LCD<t> Input Impedance RIN 1 3 

DC Offset Voltage. VOFF 15 
Any Display Element 

Row Output High VOH Typical VDD 
Row Output Low VOL Typical 0 
Row Output Unselected YOM Typical .5VDD 

Column Output High VOH Typical .68VDD 
Column Output Low VOL Typical .32VDD 

TYPICAL WAVEFORMS 

34 DATA BITS 

_DAT_A ___ 11/11111..-1 _---II/ /I 111 ___ --'1 /I 11111 1...-1 __ 
34 CLOCK PULSES 

_CLK_--,II/ 11111, __ ---1111111 1...-1 __ ----111111111 1-1 __ 

INTERRUPTI "-_--II 
DESELECTED + SELECTED _I .. 

TYPICAL ROW 

DESELECTED 

TYPICAL 
COLUMN 

I~,---__ -
1'-__ -'1 

~ ON ----1-*1 ~--ON---+"""I~r---OFF .. I 
L._--,l L ____ .---J L 
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BLOCK DIAGRAM H 0538A/0539A 

CLK 

+VDD---..... 
DATA IN 34 BIT STATIC SHIFT REGISTER 

GND--& 

34 LATCHES 

LCD 

LCD <I> AC 
CKT 

L------------------...INTERRUPT 

TYPICAL SYSTEM BLOCK DIAGRAM 

+VCC 

+VCC I 

~ I DOT MATRIX LCD J ROW/COL 

MICROCOMPUTER DRIVER 
26 .(r 

"fc1134 0", wrcn4 SYSTEM 0538A 
LCD<I> Tr .& /~ COLUMN COLUMN 

DISPLAY DRIVER ••• DRIVER 

L: 
GND 0539A 0539A 

fr ~ CLK DATA -VDIS 

INTERRUPT 
INTERRUPT (TO LCD'll) 

TIMING DIAGRAM 

DATAIN ~ DATAVALID ~ 
~tDS-.+-tDH_I_ 

CLOCK I r"1 -----
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OPERATING NOTES 
1. The Shift register loads and shifts on the 

falling edge of clock. 

2. A logic 1 on Data In causes a segmentto be 
visible. 

3. A parallel transfer of data from the shift 
register to the latches occurs upon the 
rising edge of Interrupt Output. 

4. Row waveforms are out of phase with 
Interrupt Output if selected and at midpoint 
voltage otherwise. Levels are VDD, 0, and 
VDD/2. 

5. Column waveforms are in phase with 
Interrupt Output if selected and out of 
phase if not selected. Levels are .32 VDD 
and .68 VDD. 

6. The intended mode of operation is as 
follows: 
a. Interrupt Output frequency is the 

minimum no flicker frequency (> 30Hz) 
times the number of backplanes utilized. 

b. Interrupt Output is exactly 50% duty 
cycle (to keep DC off the display) and is 
synchronized with loading the data from 
shift register to latches. 

c. In between each Interrupt Output rising 
edge, serial data is loaded for the next 
row to await the next Interrupt Output 
riSing edge, whicl' causes parallel 
transfer from shift register to display 
latches. 

d. The Interrupt Output goes to the micro­
computer and is treated as a refresh 
request, or else the microcomputer 
drives the LCD et> input with 50% duty 
cycle. 

e. Backplanes are addressed sequentially 
and individually. 

7, The LCDet> pin can be used in two modes. If 
LCDet> is driven, the Interrupt Output will 
follow it. LCDet> will also oscillate if a 
resistor and capacitor are connected in 
parallel to ground. 

The resistor val ue should be at least 1 MO. 
The approximate relationship is fout =Fk ' 
which appears at Interrupt Output. 

8. To cascade and synchronize several 
circuits, either connect Interrupt Output of 
one circuit to LCDet> of all other circuits 
(thus one oscillator provides frequency 
control for all circuits) or connect LCDet> of 
all circuits to a common driving signal. 
Then connect all clock lines together to the 
clock signal and connect each Data In to a 
different line of the data bus, allowing a 
parallel loading of all circuits' serial data. It 
is also possible to tie all data lines together 
and drive each clock individually like a chip 
select. 

9. There are two obvious signal races to be 
avoided. 
a. Changing data when clock is falling, and 
b. Allowing Interrupt Output rising edge to 

be very close to clock falling edge. 

10. If supply voltage is altered to optimize LCD 
contrast or for temperature compensation, 
it is best to tie all positive supply terminals in 
common and vary the negative supply. This 
prevents inadvertently forward biasing 
diodes. 

11. Output locations correspond to a clock­
wise advancing shift register, thus R 1 is 
the last data loaded and C 30 is the first 
data loaded. 

12. The RMS voltages this circuit delivers to 
individual LCD pixels depends on VDD and 
the number of backplanes (N) used accord­
ing to the following equations: 

VOFF = VDD Vr.0-3-24-~-+-.-07-

VON =VDD J.0324 ~ + .43 

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' 0540 is a CMOS/LSI circuit that drives rectangular matrix LCD displays under 
microcomputer control. The display itself may be a standard x-y array or a custom array that 
geometrically is not regular at all. Applications include games, bar graphs, and various custom 
patterns. 

The 0540 can be externally programmed as either 32 rows or 32 columns, under control of the 
Row/Col pin. Thus, two 0540s with opposite selections can drive a 32 x 32 display. Data is 
serially input to maximize the number of output pins and minimize the number of control pins. 
This circuit set could be referred to as a dumb driver because it drives (using a multiplexed 
scheme) the display with proper voltage level AC waveforms, but does not handle refresh or 
character encoding. This results in lower parts cost and greater design flexibility, but puts more 
burden on the microcomputer. 

The 0540 is available in a 40 lead hermetic dual-in-line ceramic package (0 suffix), plastic 
package (P suffix), cerdip (V suffix) or leadless chip carrier (L suffix). Devices in chip form (H 
suffix) are available upon request. 

FEATURES 

• Direct drive of matrix LCDs 
• Cascadable for larger displays 

• On chip oscillator 
• CMOS construction for: 

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

+V 
DATA IN 

ClK 
lCD.., 
GND 

INT 
ROW/COL 

ClKEN 
SEG 32 
SEG 31 
SEG 30 
SEG 29 
SEG 28 
SEG 27 
SEG 26 
SEG 25 

SEG 24 
SEG 23 
SEG 22 
SEG 21 

• CMOS, NMOS, and T2L compatible inputs 
• Requires only 3 control lines 
• Flexible organization allows arbitrary 

display patterns 
• I nterrupt Output to request data from 

microcom puter 

PIN CONFIGURATION 

1· 40 SEG 1 
2 39 SEG 2 
3 38 SEG 3 
4 37 SEG 4 
5 36 SEG 5 
6 35 SEG 6 
7 34 SEG 7 

8 33 SEG 8 
9 32 SEG 9 
10 31 SEG 10 
11 30 SEG 11 
12 29 SEG 12 
13 28 SEG 13 
14 27 SEG 14 
15 26 SEG 15 
16 25 SEG 16 
17 24 SEG 17 
18 23 SEG 18 
19 22 SEG 19 
20 21 SEG 20 
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ABSOLUTE MAXIMUM RATINGS 

VDD ...................................................... -.3 to +15 volts 
Inputs .................................................... +VDD -17 to +VDD +.3 volts 
Power Dissipation ............................... 250 mW 
Operating Temperature 

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

Storage Temperature .......................... -65 to +125°C 

NOTE: Stresses above those listed 
under '.'Absolute Maximum Ratings" 
may cause permanent damage to the I 

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 extended periods 
may affect device reliability. 

ELECTRICAL CHARACTERISTICS at TA= +25°C and VOO = 5V unless otherwise noted. 

. PARAt.1ETE!R SYMBOL CONDITION . MIN. MAX. UNITS 

Supply Voltage VDD 3 12 V 
Supply Current 100 750 ~A 

Input High Level VIH .75VDD VDD V 
Input Low Level VIL VDD-15 .25VDD V 
Input Leakage IL 5 ~A 
Input Capacitance CI 5 pf 

Row Output High VOH VDD-·05 VDD V 
Row Output Low VOL 0 .05 V 
Row Output Unselected YOM .5VDD-·05 .5VDD+·05 V 

Column Output High VOH .68VDD-·05 .68VDD+·05 V 
Column Output Low VOL .32VDD-·05 .32VDD+·05 V 

Rowand Column Output Impedance RON IL = 1O~A 40 KO 
Interrupt Output Impedance RON IL = 100~A 3 KO 

Clock Rate f DC 1.5 MHz 
Data in Setup Time tDS Data change to clock fall 300 nsec. 
Data in Hold Time tDH Clock fall to data change 100 nsec. 

LCD'" High Level VIH .9VDD VDD V 
LCD'" Low Level VIL 0 .1VDD V 
LCD'" Input Impedance RIN 1 3 MO 

TYPICAL WAVEFORMS 

32 DATA BITS 

DATA 
11111 II II 1I11IIII II1111I1I1 

32 CLOCK PULSES 

CLK 111111111 '""1" 1111111111 

INTERRUPT I I 
DESELECTED 

"I" 
SELECTED I DESELECTED 

TYPICAL ROW I~ I 
TYPICAL I- ON I' ON 

'\ 
OFF '1 COLUMN 

I L 
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BLOCK DIAGRAM 

CLKEN -------1 

CLK 

DATA IN ---~ 

LCD<l> 

LCD<l> OR 
INTERNAL 

OSCILLATOR 
SELECTION 

32 BIT SHIFT REGISTER 

32 LATCHES 

32 OUTPUT DRIVERS 

32 OUTPUTS 

ROW/COL 

ROW/COL 
ON-OFF 

VOLTAGE 
GENERATION 

INTERRUPT~---~------------------~ 

TYPICAL SYSTEM BLOCK DIAGRAM 

+VCC 
I 

MICROCOMPUTER 
SYSTEM 

CLK DATA 

INTERRUPT 

+VCC 
I 

ROW 
DRIVER 

~ 32x32 DOT MATRIX LCD I 
~L--___ ~ ______ -I 

0540 1 
+V9cl32r ~t..,...-~ ~--,-J T 

DISPLAY 
GND 

INTERRUPT(TO LCD<l» 
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OPERATING NOTES 
1. The Shift register loads and shifts on the 

falling edge of the clock. 
2. A logic 1 on Data In causes a segment to be 

visible. 
3. A parallel transfer of data from the shift 

register to the latches occurs upon the rising 
edge of Interrupt Output. 

4. Row waveforms are out of phase with the 
Interrupt Output if selected and at midpoint 
voltage otherwise. Levels are VDD, 0, and 
VDD/2. Selection of the 0540 as a row driver is 
accomplished by VCC on pin 7. 

5. Column waveforms are in phase with the 
Interrupt Output selected and out of phase if 
not selected. Levels are .32 VDD and .68 VDD. 
Selection of the 0540 as a column driver is ac­
complished by VSS on pin 7. 

6. The intended mode of operation is as follows: 
8. Interrput Output frequency is the minimum 

no flicker frequency ( > 30Hz) times the 
number of backplanes utilized. 

b. Interrupt Output is exactly 50% duty cycle 
(to keep DC off the display) and is synchro­
nized with loading the data from the shift 
register to latches. 

c. In between each Interrupt Output rising 
edge, serial data is loaded for the next row 
to await the next Interrupt Output rising 
edge, which causes parallel transfer from 
shift register to display latches. 

d. The Interrupt Output goes to the micro­
computer and is treated as a refresh 
request, or else the microcomputer drives 
the LCD<t> input with 50% duty cycle. 

e. Backplanes are addressed sequentially and 
individually. 

7. The LCD<t> pin can be used in two modes. If 
LCD<t> is driven, the Interrput Output will fol­
low it. LCD<t> will also oscillate if a resistor and 
capacitor are connected in parallel to ground. 

The resistor value should be at least 1 MO. The 
approximate relationship is fout = _1_, which 
appears at Interrput Output. RC 

8. To cascade and synchronize several circuits, 
either connect Interrupt Output of one circuit 
to LCD<t> of all other circuits (thus one 
oscillator provides the frequency control for 
all circuits) or connect LCD<t> of all circuits to a 
common driving signal. Then connect all clock 
lines together to the clock signal and connect 
each Data In to a different line of the data bus 
allowing a parallel loading of all the circuits: 
serial data. It is also possible to tie all data lines 
together and drive each clock individually like 
a chip select. Another alternative is to use the 
clock enable to allow reading data into specific 
circuits. 

9. There are two obvious signal races to be 
avoided: 
8. Changing data when the Clock is falling, 

and 
b. Allowing Interrupt Output rising edge to be 

very close to clock falling edge. 

10. If supply voltage is altered to optimize LCD 
contrast or fortemperature compensation, it is 
best to tie all positive supply terminals in 
common and vary the negative supply. This 
prevents inadvertently forward biasing diodes. 

11. Output locations correspond to a clockwise 
advancing shift register, thus Seg 1 is the last 
data loaded and Seg 32 is the first data loaded. 

12. If the N backplanes are utilized, this IC drives 
the LCD with the following RMS voltages: 

VOFF = VDD / .0324 N + .07 
N 

VON = VDD V .0324 N + .43 
N 

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' 0541 and 0542 are a set of CMOS/ LSI circuits which drive a dot matrix LCD display under 
microcomputer control. The intended display is a 5 x 7 or 5 x 8 alphanumeric dot matrix with nearly 
any number of characters. Other matrix displays, such as games and custom arrays, could also be 
driven by this set of circuits. 

The 0541 is organized as 8 rows x 23 columns, and thus can handle up to four characters by itself. 
The 0542 is organized as 0 rows x 32 columns and is used in addition to the 0541 when morethan 23 
columns are required. Data is input 4 bit parallel to minimize the time required to load in data. This 
circuit drives (using a multiplexed scheme) the display with proper voltage level AC waveforms, but 
does not handle refresh or character encoding. This results in lower parts cost and greater design 
flexibility, but puts more burden on the microcomputer. 

The 0541 and 0542 are available in a 40 lead hermetic dual-in-line ceramic package (D suffix), 
plastic package (P suffix), cerdip (V suffix) or lead less chip carrier (L suffix). Devices in chip form (H 
suffix) are available upon request. 

FEATURES 

• Direct drive of matrix LCDs 

• Cascadable for larger displays 

• On chip oscillator 

• CMOS construction for: 
Wide supply voltage range 
Low power operation 
High noise immunity 
Wide temperature range 

0541 
PIN CONFIGURATION 

+V 1 • 40 
lCD<I> 2 39 

GND 3 38 
INTERRUPT 4 ¥ 

ClK 5 36 
DO 6 35 
D 1 7 34 
D2 8 33 
D3 9 32 

C 22 10 31 
C 21 11 30 
C 20 12 29 
C 19 13 28 
C 18 14 27 
C17 15 26 
C 16 16 25 
C 15 17 24 
C 14 18 23 
C 13 19 22 
C 12 20 21 

R7 
R6 
R5 
R4 
R3 
R2 
R 1 
RO 
CO 
C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C 10 
C 11 
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• CMOS, NMOS, and PMOS compatible 
inputs 

• Flexible organization allows arbitrary 
display patterns 

• Interrupt Output to request data from 
microcomputer 

0542 
PIN CONFIGURATION 

+v CO 
lCO<l> C1 

GNO C2 
ClK C3 
DO C4 
01 C5 
02 7 C6 
03 8 C7 

C 31 9 C8 
C 30 10 C9 
C 29 11 C 10 
C 28 12 C 11 
C 27 13 C 12 
C 26 14 C 13 
C 25 15 C 14 
C 24 16 C 15 
C 23 C 16 
C 22 C17 
C 21 C 18 
C 20 C 19 



ABSOLUTE MAXIMUM RATINGS 

VDD ......... ; . . . . . . . . . . . . . .. -.3 to + 17 volts 
Inputs ....................... + VDD -17 to + VDD + .3 volts 
Power Dissipation ............ 250 mW 
Operating Temperature 

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

Storage Temperature ......... - 65 to + 125°C 

i 

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 abov.e those indicated in the 
operational sections of this specification is 
not implied. Expo$ureto absolute maximum 
rating conditions for extended periods 
may affect device reliability. 

ELECTRICAL CHARACTERISTICS at TA = + 25°C and VOO = 5V unless otherwise noted. 

.... ·· .. · .. i·.....··;.· ... ···J··.· .• ·········<··,;·······j •...••••.•...•..............•.•......•.•...•...•..... • .•• ·.i ... ii.·/ ... · .. · .. ··. '£;.~L",2:·····.··· .................<.. . ... ·································>·········1··.·· .. ·.· ................................. !;(:~~~y.).? I .• :.:) ... ~ 
........................ ....................... · .. ··.··0······<···.·.· ;. ............. ... ....•.•..•...........•...................... .\.:-:::: 

Supply Voltage VDD 3 12 V 
Supply Current 100 600 IlA 

Input High Level VIH .75VDD VDD V 
Input Low Level VIL VDD-15 .25VDD V 
Input Leakage IL 5 IlA 
Input Capacitance CI 5 pf 

Row Output High VOH VDD-·05 VDD V 
Row Output Low VOL 0 .05 V 
Row Output Unselected VOM .5VDD-·05 .5VDD+·05 V 

Column Output High VOH .68VDD-·05 .68VDD+·05 V 
Column Output Low VOL .32VDD-·05 .32VDD+·05 V 

Rowand Column Output Impedance RON IL = 10IlA 30 KG 
Interrupt Output Impedence RON IL = 100llA 1 KG 

Clock Rate f DC 1.0 MHz 
Data in Setup Time tDS Data change to clock fall 300 nsec. 
Data in Hold Time tDH Clock fall to data change 150 nsec. 
LCDet> to Interrupt Output Delay to 300 nsec. 

LCDet> High Level VIH .9VDD VDD V 
LCDet> Low Level VIL 0 ·1VDD V 
LCDet> Input Impendence RIN 1 3 MO 

TYPICAL WAVEFORMS 

8 DATA BITS 

DATA 

" " 11111 
11111111 I111111111 

8 CLOCK PULSES 

CLOCK 
111111111 11111111 1111111111 

INTERRUPT I I 
DESELECTED 

\' 
SELECTED -I' DESELECTED 

TYPICAL ROW I 
I 

TYPICAL 
ON 'I- ON OFF I COLUMN 

I L 
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TIMING DIAGRAM H 0541/0542 

DO_D3~DATAVALID ~ 
tDs-I·-tDH 

CLOCK I I 

BLOCK DIAGRAM 

4 DATA 
----, 

CLK--------~----~~~----------------__, 

+VDD • RESET 

GNDT 

LCD <I>------+i 
LCD 
AC 
CKT 

32 ADDRESSED LATCHES 

~-------------------------_.INTERRUPT 

TYPICAL SYSTEM BLOCK DIAGRAM 

+ VCC 
+ VCC I 

~~I' 
I DOT MATRIX LCD j ROW 

MICROCOMPUTER DRIVER 

'v(cIlM 
" 

'Vfcit, SYSTEM LCr 0541 ~ r 

.& ~ .(';:> 
COLUMN COLUMN 

d 
DISPLAY 

DRIVER ••• DRIVER 
GND 0542 0542 

rr l1 CLK DATA - VDIS 

INTERRUPT 
INTERRUPT (TO LCD <1» 
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OPERATING NOTES 
1. The addressed latches load when clock is 

high. 
2. A logic 1 on Data In selects a row or causes 

a segment to be visible. 
3. A parallel transfer of data from the 

addressed latches register to the holding 
latches occurs upon the rising edge of 
Interrupt Output. Also, the +8 counter is 
reset. 

4. Row waveforms are out of phase with 
Interrupt Output if selected and at midpoint 
voltage otherwise. Levels are VDD, 0, and 
VDD/2. 

5. Column waveforms are in phase with 
Interrupt Output if selected and are out of 
phase if not selected. Levels are .32 VDO 
and .68 VDD. 

6. The intended mode of operation is as 
follows: 
a. Interrupt Output frequency is the mini­

mum no flicker frequency (=30Hz)times 
the number of backplanes utilized. 

b. Interrupt Output is exactly 50% duty 
cycle (to keep DC off the display) and is 
synchronized with loading the data from 
addressed latches to holding latches. 

c. In between each Interrupt Output rising 
edge, 4 bit parallel data is clocked in 
with 8 clock pulses for the next time slot 
to await the next Interrupt Output rising 
edge, which causes the parallel transfer. 

d. The Interrupt Output goes to the micro­
computer and is treated as a refresh 
request, or else the microcomputer 
drives the LCDq> input. 

e. Backplanes are addressed sequentially 
and individually. 

7. The LCDq> pin can be used in two modes 
driven or oscillating. If LCDq> is driven, th~ 
Interrupt Output will follow it. If the LCDq> 

pin is allowed to oscillate, its frequency is 
inversely proportional to capacitance and 
the Interrupt Output waveform has a 
frequency half that of the oscillator itself. 
The approximate relationship is fout (KHz) = 
3801 c (pf). The frequency is nearly in­
dependent of supply voltage. 

8. To cascade units, either connect Interrupt 
Output of one circuit to LCDq> of all 
other circuits (thus one capacitor provides 
frequency control for all circuits) or connect 
LCDq> of all circuits to a common driving 
signal. Then tie all corresponding data 
inputs together and clock each circuit 
individually when its data is on the bus. 
In the case of two driver circuits and an 8 
bit microcomputer, the clocks could be 
common and each Data In tied to a different 
line of the data bus. 

9. There are two obvious signal races to be 
avoided: 
a. Changing data when clock is falling, and 
b. Allowing Interrupt Output rising edge to 

be very close to clock falling edge. 
10. If supply voltage is altered to optimize LCD 

contrast or for temperature compensation, 
it is best to tie all positive supply terminals in 
common and vary the negative supply. This 
prevents inadvertently forward biasing 
diodes. 

11. Input order of 0541. 

PlkP!i'~ I 1 >2. (\ t4 .•.. ~. 6. '·.···i< iii 
Data 0 RO R4 CO C4 C8 C 12 C 16 C 20 
DaiaO Rl R5 Cl C5 C9 C 13 C 17 C21 
Data 2 R2 R6 C2 C6 C 10 C 14 C 18 C22 
Data 3 R3 R7 C3 C7 Cll C 15 C 19 

12. Input order of 0542 is similar, but starts at 
CO (Pulse 1, Data 0) and ends at C 31 (Pulse 
8, Data 3). 

Informati~n furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for Its use, nor for any Infnngements 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' 0548 is a CMOS/LSI circuit which drives rectangular matrix LCD displays under 
microcomputer control. The display itself may be a standard x-y array or a custom array that 
geometrically is not regular at all. Applications include games, bar graphs, and various custom 
patterns. 

The 0548 is organized as 16 rows and 16 columns. It will drive an LCD display of up to 16 x 16 directly 
and can be cascaded for larger displays with additional 0548's or other Hughes LCD drivers. Data is 
input serially to maximize the number of output pins and minimize the number of control pins. This 
circuit drives (using a multiplexed scheme) the display with proper voltage level AC waveforms, but 
does not handle refresh or character encoding. This results in lower parts cost and greater design 
flexibility, but puts more burden on the microcomputer. The 0548 can be used with an 0539 to drive a 
display that has up to 16 rows and an arbitrary number of columns. 

The 0548 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 upon request. 

FEATURES 

• Direct drive of matrix LCDs 
• Cascadable for larger displays 
• On chip oscillator 
• CMOS construction for: 

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

+V 
DATA IN 

CLK 
LCDQ> 

GND 
INT 
NC 

CLKEN 
COL16 
COL15 
COL14 
COL13 
COL12 
COL 11 
COL10 

COL9 
COL8 
COL7 
COL6 
COL5 

• CMOS, NMOS, and T2L compatible inputs 
• Requires only 3 control lines 
• Flexible organization allows arbitrary 

display patterns 
• Interrupt Output to request data from 

microcomputer 

PIN CONFIGURATION 

1- ROW 1 
2 ROW 2 
3 ROW 3 
4 ROW 4 
5 ROW 5 
6 ROW 6 
7 ROW 7 
8 ROW8 
9 ROW 9 
10 ROW 10 
11 ROW11 
12 ROW 12 
13 ROW 13 
14 ROW 14 
15 ROW 15 
16 ROW 16 
17 COL1 
18 COL2 
19 COL3 
20 COL4 
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ABSOLUTE MAXIMUM RATINGS 

VDD .................... -.3 to + 17 volts 
Inputs ................... + VDD - 17 to + VDD + .3 volts 
Power Dissipation ........ 250 mW 
Operating Temperature 

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

Storage Temperature ..... - 65 to + 125°C 

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

ELECTRICAL CHARACTERISTICS at TA = + 25°C and VOO = SV unless otherwise noted. 

Supply Voltage 
Supply Current 

Input High Level 
Input Low Level 
Input Leakage 
Input Capacitance 

Row Output High 
Row Output Low 
Row Output Unselected 

Column Output High 
Column Output Low 

Rowand Column Output Impedance 
Interrupt Output Impedence 

Clock Rate 
Data in Setup Time 
Data in Hold Time 

LCD'" High Level 
LCD", Low Level 
LCD", Input Impedance 

TYPICAL WAVEFORMS 

DATA 111111111 

CLK 111111111 

INTERRUPT I 
DESELECTED 

TYPICAL ROW 

TYPICAL 

\-COLUMN ON 

VDD 3 12 V 

100 7S0 IJA 

VIH .7SVDD VDD V 
VIL VDD-1S .2SVDD V 
IL S IJA 
CI S pf 

VOH VDD-·OS VDD V 
VOL 0 .OS V 
VOM .SVDD-·OS .SVDD+·OS V 

VOH .68VDD-·OS .68VDD+·OS V 
VOL .32VDD-·OS .32VDD+·OS V 

RON IL = 10 IJA 40 KO 
RON IL= 1OO IJA 1.S KO 

DC 1.S MHz 

tDS Data change to clock fall 300 nsec. 
tDH Clock fall to data change 100 nsec. 

VIH 
VIL 
RIN 

32 DATA BITS 

11111111 
32 CLOCK PULSES 

1111111 

'I' SELECTED 

I 

-I- ON 

I 
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.9VDD VDD V 
0 .1VDD V 

3 MO 

111111111 

111111111 

I L----_~I 

-I' DESELECTED 
--VDD I '------------ ---.S VDD 

'I- OFF 

--0 

-I 
L--·68VDD 

--.32VDD 



BLOCK DIAGRAM H 0548 

CLKEN -----ol 

CLK 

32 BIT SHIFT REGISTER 

LOAD 
32 LATCHES 

16 ROW 
_-.1-..1--... OUTPUTS 

16 COLUMN 
OUTPUTSr--L-~-~ 

LCD'" LCD'" OR 
INTERNAL 

OSCILLATOR 
SELECTION 

INTERRUPT ... ___ ....J 

TIMING DIAGRAM / 
CLKEN -----I 

ROWAC 
VOLTAGE 

GENERATION 

~---1/F---~ 

CLK 

VALID 

J 
::xzx DATA 

V VALID V 
___ ....J!j\ DATA JI\ 

DATA I I I '--~;;';";"'';'''''-'----j 

i--tds--t-tdh-j 

TYPICAL SYSTEM BLOCK DIAGRAM 

+VCC 

MICROCOMPUTER 
SYSTEM 

INTERRUPT 

+VCC 

0548 

-VDIS 

75 

16 

COLUMN 
DRIVE 

\ 
VALID 
DATA 

COLUMN 
AC VOLTAGE 
GENERATION 

L 

XX 



OPERATING NOTES 
1. The Shift register loads and shifts on the The resistor value should be at least 1 M (}. 

falling edge of clock. The approximate relationship is fout =dc ' 
2. A logic 1 on Data In causes a segment to be which appears at Interrupt Output. 

visible. 8. To cascade and synchronize several 
3. A parallel transfer of data from the shift circuits, either connect Interrupt Output of 

register to the latches occurs upon the one circuit to LCD<t> of all other circuits 
rising edge of Interrupt Output. (thus one oscillator provides frequency 

4. Row waveforms are out of phase with control for all circuits) or connect LCD<t> of 
Interrupt Output if selected and at mid- all circuits to a common driving Signal. 
point voltage otherwise. Levels are VDD, Then connect all clock lines together to the 
0, and VDD/2. clock Signal and connect each Data In to a 

5. Column waveforms are in phase with different line of the data bus, allowing a 
Interrupt Output if selected and out of parallel loading of all circuits' serial data. It 
phase if not selected. Levels are .32 VDD is also possible to tie all data lines together 
and .68 VDD. and drive each clock individually like a chip 

6. The intended mode of operation is as select. Another alternative is to use the 
follows: clock enable to allow reading data into 

specific circuits. 
a. Interrupt Output frequency is the 

minimum no flicker frequency (> 30Hz) 9. There are two obvious signal races to be 

times the number of backplanes utilized. avoided. 
b. Interrupt Output is exactly 50% duty a. Changing data when clock is falling, and 

cycle (to keep DC off the display) and is b. Allowing Interrupt Output rising edge to 
synchronized with loading the data from be very close to clock falling edge. 
shift register to latches. 10. If supply voltage is altered to optimize LCD 

c. In between each Interrupt Output rising contrast or for temperature compensation, 
edge, serial data is loaded for the next it is best to tie all positive supply terminals in 
row to await the next Interrupt Output common and vary the negative supply. This 
rising edge, which causes parallel prevents inadvertently forward biasing 
transfer from shift register to display diodes. 
latches. 11. Output locations correspond to a clock-

d. The Interrupt Output goes to the micro- wise advancing shift register, thus Row 1 is 
computer and is treated as a refresh the last data loaded and Col 16 is the first 
request, or the microcomputer drives data loaded. 
the LCD<t> input with 50% duty cycle. 12. The RMS voltages this circuit delivers to 

e. Backplanes are addressed sequentially individual LCD pixels depends on VDD and 
and individually. the number of backplanes (N) used accord-

7. The LCD<t> pin can be used in two modes. If ing to the following equations: 
LCD<t> is driven, the Interrupt Output will . /r-;:.0;-;:;3C;::2~4·NN""""'+""'·0""'7:;---
follow it. LCD<t> will also oscillate if a VRMS OFF = VDD V 
resistor and capacitor are connected in . I .0324 NN + .43 
parallel to ground. VRMS ON = VDD V 

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

76 



DESCRIPTION 

Hughes' 0607A is a CMOS/LSI circuit that drives a matrix LCD display under microcomputer 
control. The intended display is a 4 x 4 (16 segment) alphanumeric matrix or a 4 x 2 or 3 x 3 numeric 
matrix, each with nearly any number of characters. Other matrix displays, such as games and 
custom arrays, could also be driven by this circuit. 

The 0607 A is organized as 4 rows x 30 columns, and thus can handle 7 alphanumeric or 15 numeric I 
characters by itself. The 0539A, organized as 0 rows x 34 columns may be used in addition to the 
0607A when more than 30 columns are required. Data is serially input to maximize the number of 
output pins and minimize the number of control pins. This circuit drives (using a multiplexed 
scheme) the display with proper voltage level AC waveforms, but does not handle refresh or 
character encoding. This results in lower parts costs and greater design flexibility, but puts more 
burden on the microcomputer. 

The 0607A is available in a 40 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 

• Direct drive of matrix LeDs • CMOS, NMOS, and T2L compatible inputs 
• Cascadable for larger displays 
• On chip oscillator 
• CMOS construction for: 

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

BLOCK DIAGRAM 
ClK 

• Requires only 3 control lines 
• Flexible organization allows arbitrary 

display patterns 
• Interrupt Output to request data from 

microcomputer 

PIN CONFIGURATION 

+V 
DATA IN 

DATA IN 34 BIT STATIC SHIFT REGISTER ClK 
+VDD---+ lCD<1> 

GND 
INTERRUPT 

C 30 
C 29 
C 28 32 
C 27 31 
C 26 30 
C 25 29 

lCD<1> C 24 28 
C 23 27 
C 22 26 
C 21 25 
C 20 24 
C 19 23 
C 18 22 

L-------------------------~INTERRUPT C 17 21 
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R 1 
R2 
R3 
R4 
C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C 10 
C 11 
C 12 
C 13 
C 14 
C 15 
C 16 



ABSOLUTE MAXIMUM RATINGS 

VDD .................... -.3 to + 15 volts 
Inputs ................... + VDD - 17 to + VDD + .3 volts 

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 
conditions for extended periods may affect device 
reliability. 

Power Dissipation ........ 250 mW 
Storage Temperature ..... - 65 to + 125°C 
Operating Temperature 

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

ELECTRICAL CHARACTERISTICS at TA = + 25°C and VDD = 5V unless otherwise noted. 

1 ••• ·••·•• ... · ••. ··· •••• · .••••••• ·/>.··.······ ... ;······ .............. > ....... ~~\<ti><:.i< i_LLi·~.\. ii·<·····/L .. < .'"L~~>< .•.•. / • ••• i •.• <~ •. :.; ...•.. · .•••••.• ·· .••.. t:·\?··.!~~·;\< ::E~~f¥~iy ••• . ·.......F.·.::;.·» •..•........•..• ~'~./ ... > • 
Supply Voltage VOO 3 12 V 
Su pply Cu rrent 100 750 ~A 

Input High Level VIH .8VOO VOO V 
Input Low Level VIL VOO-15 .5VOO V 
Input Leakage IL 5 ~A 
Input Capacitance CI 5 pI 

Rowand Column Output Impedance RON IL=10~A 40 KO 
Interrupt Output Impedence RON IL=100~A 3 KO 

Clock Rate f DC 1.5 MHz 
Data in Setup Time tos Data change to clock fall 300 nsec. 
Data in Hold Time tOH Clock fall to data change 100 nsec. 
LCD <I> to Interrupt Output Delay to 600 nsec. 

LCD <I> High Level VIH .9VOO VOO V 
LCO<l> Low Level VIL 0 .WOO V 
LCO<l> Input Impedance RIN 1 3 MO 

DC Offset Voltage, VOFF 50 mV 
Any Display Element 

Row Output High VOH Typical VOO V 
Row Output Low VOL Typical 0 V 
Row Output Unselected YOM Typical .5VOO V 

Column Output High VOH Typical .68VOO V 
Column Output Low VOL Typical .32VOO V 

TIMING DIAGRAM 

DATA IN ~DATAVALID ~ 
tos-.+-tOH 

I I CLOCK 
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TYPICAL WAVEFORMS H 0607A 

34 DATA BITS 

DATA IIIIIIIII 11111111 111111111' 
34 CLOCK PULSES 

CLOCK 111111111 11111111 1111111111 

INTERRUPT r I 
DESELECTED l SELECTED DESELECTED 

TYPICAL ROW 

I 
TYPICAL 

I" ON I" ON 'I OFF 'I COLUMN , L 

TYPICAL SYSTEM BLOCK DIAGRAM 

+ VCC 
ROW 

+ VCC 

'~ I 
ROW/COL 4 DOT MATRIX LCD I 

MICROCOMPUTER DRIVER 4( 

'Vfen4 ,", ,vpen4 SYSTEM 0607 30 

LCD<P r ~ ,(). COLUMN COLUMN 
DISPLAY DRIVER ••• DRIVER 

~ 
GND 0539A 0539A 

{'r l"j CLK DATA - VDIS 

INTERRUPT 
INTERRUPT(TO LCD<P) 
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OPERATING NOTES 
1. The Shift register loads and shifts on the 

falling edge of clock. 

2. A logic 1 on Data In causes a segment to 
be visible. 

3. A parallel transfer of data from the shift 
register to the latches occurs upon the 
riSing edge of Interrupt Output. 

4. Row waveforms are out of phase with 
Interrupt Output if selected and at midpoint 
voltage otherwise. Levels are VDD, 0, and 
VDD/2. 

5. Column waveforms are in phase with 
Interrupt Output if selected and out of 
phase if not selected. Levels are .32 VDD 
and .68 VDD. 

6. The intended mode of operation is as 
follows: 
a. Interrupt Output frequency is the 

minimum no flicker frequency (> 30Hz) 
times the number of backplanes utilized. 

b. Interrupt Output is exactly 50% duty 
cycle (to keep DC off the display) and is 
synchronized with loading the data from 
shift register to latches. 

c. In between each Interrupt Output rising 
edge, serial data is loaded for the next 
row to await the next Interrupt Output 
riSing edge, which causes parallel 
transfer from shift register to display 
latches. 

d. The Interrupt Output goes to the micro­
computer and is treated as a refresh 
request, or else the microcomputer 
drives the LCD<t> input with 50% duty 
cycle. 

e. Backplanes are addressed sequentially 
and individually. 

7. The LCD<t> pin can be used in two modes. If 
LCD'<t> is driven, the Interrupt Output will 
follow it. LCD<t> will also oscillate if a 
resistor and capacitor are connected in 

parallel to ground. 

The resistor value should be at least 1 MO. 
The approximate relationship is fout =dc ' 
which appears at Interrupt Output. 

8. To cascade and synchronize several 
circuits, either connect Interrupt Output of 
one circuit to LCD<t> of all other circuits 
(thus one oscillator provides frequency 
control for all circuits) or connect LCD<t> of 
all circuits to a common driving signal. 
Then connect all clock lines together to the 
clock signal and connect each Data In to a 
different line of the data bus, allowing a 
parallel loading of all circuits' serial data. It 
is also possible to tie all data lines together 
and drive each clock individually like a chip 
select. 

9. There are two obvious signal races to be 
avoided. 

10. 

11. 

12. 

a. Changing data when clock is falling, and 
b. Allowing Interrupt Output rising edge to 

be very close to clock falling edge. 
If supply voltage is altered to optimize LCD 
contrast or for temperature compensation, 
it is best to tie all positive supply terminals 
in common and vary the negative supply. 
This prevents inadvertently forward biasing 
diodes. 

Output locations correspond to a clock­
wise advancing shift register, thus R 1 is 
the last data loaded and C 30 is the first 
data loaded. 
The RMS voltages this circuit delivers to 
individual LCD pixels depends on VDD and 
the number of backplanes (N) used accord­
ing to the following equations: 

VRMS OFF = VDD V .0324 ~ + .07 

VRMS ON =VDD ).0324 ~ + .43 

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' 0515 is a CMOS driver for multiplexed Liquid Crystal Displays. Each unit is capable of 
driving an LCD matrix of up to 8 rows x 25 columns. This display could be a graphic array, custom 
array, or 5 characters in a 5 x 7 format. Multiple units may be cascaded for displays with more rows 
and/or more columns. The input is in a serial format (data is loaded in one row at a time) and 
requires the user to specify the on / off state of each pixel. Therefore, the user has great flexibility in 
displaying the shapes and figures he needs. The 0515 provides all the multi-level AC waveforms 
necessary for the LCD driver, automatically refreshes the display, and interfaces directly with most 
microprocessors and microcomputers .. 

The 0515 operates over a 5-10 voltage range. The 0515 is available in a 40 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 

• CMOS circuitry 
Low power dissipation 
Wide temperature range 
Wide supply range 

• Microprocessor compatible 
• CMOS and NMOS compatible 
• Drives an 8 x 25 multiplexed LCD 
• Automatic display refresh 
• On-Chip oscillator 
• Power down/blank display mode 
• Number of backplanes is software 

programmable 

TYPICAL SYSTEM INTERCONNECT 

+VDD ClK 

I 
SERIAL DATA 

-
MICROPROCESSOR CS 

SYSTEM 

PIN CONFIGURATION 

ROW 0 1 • 40 VDD 
ROW 1 2 39 OSC 
ROW 2 3 38 CLOCK 
ROW 3 4 37 DATA IN 
ROW 4 5 36 CS 
ROW 5 6 35 DATA OUT 
ROW 6 7 34 COL 25 
ROW 7 8 33 COL 24 
COL 1 9 32 COL 23 
COL 2 10 31 COL 22 
COL 3 11 30 COL 21 
COL 4 12 29 COL 20 
COL 5 13 28 COL 19 
COL 6 14 27 COL 18 
COL 7 15 26 COL 17 
COL 8 16 25 COL 16 
COL 9 17 24 COL 15 

COL 10 18 23 COL 14 
COL 11 19 22 COL 13 

GND ----,L..:2;::.0 __ -=-21!...r- COL 12 

I 
B+VDD 

-=-1' I 
ClK OSC ROW DRIVE 
DATA IN DOT MATRIX LCD I 8 

y 

CS 
0515 '1 COLUMN DRIVE 

25 

GND 

r p-' I I (OPTIONAL) 

I I 

~ Vss : 
L... __ .J 
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ABSOLUTE MAXIMUM RATINGS 

Voo Supply ............. - .03 to + 12 Volts 
Input to Voltages ......... VOO - 12 to VDO + .3 
Oper!3-ting Temperature 

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

Storage Temperature ..... ~ 65 to + 125°C 

NOTE:Stresses above thos!'llisted 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 secti.ons of this specification is not 
impli!'ld. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = +25°C; VDD = +5V unless otherwise specified. 

Select enable time, chip select falling edge to clock falling edge 

Data Setup time, data valid prior to clock falling edge 

Data hold time, data valid after clock falling edge 

Output Prop delay, clock-falling edge to data output valid 

Disable time, chip select rising edge to data output hi-impedance 

Deselect time delay from clock falling edge to chip select 
rising edge 
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tACCESS 

tDIS 

tEND 
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100 nsec 
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FUNCTIONAL DIAGRAM 

CS ------------~----------------------------, 

CLOCK -~---t,"" 5-BIT 
CONFIG/CTRL 

DA TA - ....... ---t~ 

3 

N 
VALUE 

SHIFT REG 

READ/WRITE 

OSC ------t~ OSC 

DATA 
SIR 

CTRL 

ROWS 
8 x 25 
RAM 

25 

DATA 
OUT 

BP 1 - BP 8 SEG 1 - SEG 25 

TIMING DIAGRAM 

CS -------~\ ~ 

~~--------~--------~lr__l! 
: I.. tEND ~I 
I I I I 

CLOCK --------------~:------tE-N-----;'): tpw :Yr-~:---------

I.. I ~I I I I 
t+-tsu~ tH ~ I 

DATA IN '''IXIX!X)()(;IX---''----''---'''--''---'----'----''----''''----' I VALID DATA ~ 

DATA OUT ----------------------------~:--~( 
tACCESS~ f--
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SELECT AND MODE CONTROL 

There are four modes of operation in the 0515: 

1. Write buffer mode 
2. Read buffer mode 
3. Initialization mode - blank display 
4. Initialization mode - visible display 

A serial data string is presented to the Data In terminal for any operation. The data format is shown below: 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

Row 
Control 
(8 rows) 

Mode Column Select 
con- (25 columns) 
trol 

ROW CONTROL 

Data bits 1,2, and 3 represent the address of the row to be selected or the total number of rows to be selected 
minus 1 depending on the mode controls. The row control information is in binary and controls 8 rows from 0 
through 7. Data bit 1 is the MSB and data bit 3 is the LSB. 

,MODE CONTROL 

Data bits 4 and 5 represent the operational mode to be selected. Each mode is described separately in the 
Operational Mode Section. 

COLUMN SELECT 

Data bit 4 5 
o 0 Write into RAM storage buffer 
o 1 Read from RAM storage buffer 

o Initialization with blank display 
1 Initialization with visible display 

Data bits 6 through 30 represent the 25 individual column bits in the addressed row (bits 1-3) while in the write 
mode. Data bit 6 corresponds to column 1, data bit 7 corresponds to column 2 ... , data bit 30 corresponds to 
column 25. 

OPERATIONAL MODES 

1. Initialization Mode: 

There are two modes available for initialization of the 0515. The main purpose for initialization is to define the 
total number of rows to be used in the display, and to make the display visible or blank. 

a. Initialization with Blank Display (Bit 4 = 1, Bit 5 = 0) 

When this mode is selected, the display is blanked out and the total number of rows are selected via data bits 
1,2, and 3. Column information mayor may not be provided. If the column information is provided via data bits 
6through 30, this mode also acts as a write into RAM storage mode writing a row of data into the RAM atthe 
row selected by data bits 1, 2 and 3. (Le., the last row of the display). 

b. Initialization with Visible Display (Bit 4 = 1, Bit 5 = 1) 

In this mode, the first three data bits represent (N-1) where N is the total number of rows used in the display. 
Also it enables the display information to become visible. This mode can be terminated after five data bits, 
otherwise, it will read the column information of the row that is selected via the data-out line on successive 
clock inputs (Le., the last row of the display). 
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OPERATIONAL MODES, cont. H 0515 

2. Write Mode (Bit 4 = 0, Bit 5 = 0) 

This mode is used to write or update the data into the 8 x 25 RAM storage. Row address is provided by row 
control data bits 1, 2, and 3, while 25 bit data for each column is provided via data bit 6 through bit 30. The 
display can be made visible or blank depending upon the initialization mode previously selected. 

3. Read mode (Bit 4 = 0, Bit 5 = 1) 

This mode is used to read the data from the 8 x 25 RAM storage and sequentially display it on the Data Out 
terminal. Row address is provided by row control data bits 1, 2 & 3. 

For each row address, column data is shifted serially on Data Out terminal from column 25 to column 1 on each 
successive clock. 

4. Typical Mode Sequence 

With power on, the display shows random data on the display. The initialization with blank display mode can be I 
selected and the first write can be made on the last row during the same cycle by providing column data on bit 6 
through bit 30. Additional write modes will be selected to write into all the rows in the same manner. Once the 
final row is written, an initialization mode with visible display must be selected. 

TYPICAL MODE SEQUENCE & TIMING 

INVALID DATA 
DISPLAYS 

NOTE 1: SEE EXPANDED TIMING BELOW 

BLANK VALID DATA 
DISPLAYED 

EXPANDED INITIALIZA TlON/WRITE WITH BLANK DISPLA Y (30 BITS) 

~~----------------------~lt~I----------~I~I------------~1 
CLOCK 

h , , , 
\- - - - - -1 ~t) -------- -- - - --

11'-----------------, 

(--------------'111-1 ---------------~ 
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SYNCHRONIZATION AND CASCADING 

To cascade a number of 0515 s, which share rows, all units must be synchronized. This can be done by driving 
each Osc pin of the 0515 with the same external signal and initializing all units at the same time. 

In Figure A, the 0515 is used to drive 8 rows x 25N columns. Rows from one unit are tied to the display and rows 
on the other units are not used. The chip select signal also controls all the 0515s at the same time on Data In pins. 
The different data (column data) is presented by the data bus to control different columns. In the initialization 
mode all 0515s must be presented the same data on Data In pins by software. Alternatively, a common data line 
and individual chip selects could be used. 

Theoretically any number of 0515s can be cascaded together as shown. In reality, it depends on the 
characteristics of the display and the application. In a similar manner, one can utilize a number of 0515s to drive 
16 rows x m column displays. For each 8 x 25 block, one 0515 is required as shown in Figure B. 

I I I I I T I I 1 I I , 
DATA -CLKOSC cs 

DAT;;:: 
CLKOSC cs 

DAT;;:-r 
CLKOSC cs - CLK OSCCS 

1 DATA N 
DATA IN 

ROWS COL 

8 25 

• :. 

~ 
COL. 1-25 
ROWS 
0-7 

SIGNAL DESCRIPTION 

DATA IN DATA IN DATA IN 

COL COL COL 

25 25 25 

., 
n ' 

~ 

COL. 26-50 COL. 51-75 " COL 
n-25 + on 

LCD DOT MATRIX 
n 

" 
Figure A 

8X25 8X25 ~-~~~lIws 
'--_8_X2_5----'_8_X_25_-'----I,~ 1 
I ... ~_----m cOLuMNs----.... ·~1 

Figure B 

EXT 
SYS 

FROM 
ERNAL 
TEM 

Row 0 - Row 7; Pin 1 - Pin 8 (Outputs): These eight outputs can be connnected directly to the row pins 
(backplanes) of the display. 

Coil - Col 25; Pin 9 - Pin 19, Pin 21 - Pin 34 (Outputs): These twenty five outputs can be connected directly to 
the column pins of the display. 

GND; Pin 20: Ground for display and display driver. 

VDD; Pin 40: Most positive supply for the display and display driver. 

Data Out; Pin 35 (Output): The Data Output pin produces data serially from the RAM buffer during the read buffer 
mode. 
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SIGNAL DESCRIPTION, cont. H 0515 

CS; Pin 36 (Input): The chip select input enables all operating modes of 0515 when CS is low. 

Data In; Pin 37: The data input pin is used for loading the RAM buffer data serially from an external system. 
Positive logic is used and a logic 1 makes a pixel visible. 

Clock; Pin 38 (Input): Negative going edge on this pin clocks the data in or out, depending on the mode. 

OSC; Pin 39 (Input): The timing for refresh waveforms forthe LCD is determined by a capacitor connected to this 
pin. An external signal should be used to synchronize the oscillators while cascaded. 

OSCILLATOR FREQUENCY 

To determine the proper frequency of operation, one must consider: 

1) the external frequency is divided by two on-board. 
2) number of backplanes selected (rows), and 
3) 30 Hz minimum no-flicker frequency. 

The f is derived as: f = 
2 X N X 30 

The external capacitor which will produce f is: 

f = 
50K x C 

where the value of G is in microfarads 

Example: 8 backplanes, , yields C = .01 microfarads 
2 X 8 X 30 50K XC 

LCD DRIVER NOTES 

1. RMS Drive Voltages: The On and Off RMS drive voltages supplied to each pixel by the 0515 depend on the 
number of backplanes, N, .as follows: 

VDD ~+15 
VRMS ON 

4 N 

VDD ~+3 
VRMS OFF = 

4 N 
The 0515 generates on-chip all required voltages to drive a multiplexed LCD with the V / 4drive scheme. The V / 4 
scheme requires the following voltages to be derived (when VDD is the supply voltage): 

VDD 
.75 VDD 
.5VDD 

.25 VDD 
o 
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Note if the display requires a swing more negative than system ground, the VDD is tied in common 
with system VDD and the GND is taken sufficiently lower than system GND to provide the required 
swing. (The user must ensure that the 0515's VIL spec is not violated and that VOL'S can be read by 
the system.) Waveforms for the V / 4 display drive scheme are shown below: 

TYPICAL OUTPUT WAVEFORMS 

ROW 1 

ROW 2 

COL 

94 ROW 1 SELECTED 
VDD 

.75VDD 

.25VDD 
~OW 2 SELECTED 

vss~ 

VDD r-0FFiON-+\4-0FF1 

.5VDD U' l 

VSS 

2. Temperature Compensation: The 0515 can be used with displays requiring temperature 
compensation. The technique is to select a PTC (Positive Temp Compensation) thermistor with a 
temperature response which complements that of the display. The thermistor is inserted between 
the 0515's VSS and the negative reference source. 

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' 0550 and 0551 Chip Set will drive a 5 x 7 or 5 x 8 liquid crystal dot matrix of up to 32 
characters. Control of the display is handled through an 8 bit bidirectional 110 port. The chip set 
handles character decode, display manipulation, cursor control, and all display drive functions 
including refresh and generation of multiple-level AC waveforms. 

The 055010551 is available in a 40 lead hermetic dual-in-line ceramic package (0 suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H suffix) 
are available upon request. 

FEATURES 

• CMOS circuitry 
Low power dissipation 
Wide supply variation 
High noise immunity 

• Microcomputer compatible 

• ASCII input format 

• Display of 64 different characters 

• Control of up to a 32 character display 

• Generation of all drive waveforms 

• Automatic refresh 

• Cursor control 

0550 
PIN CONFIGURATION 

+VCC Row 1 
OSC Row 2 

-VBUS (GND) Row 3 
Bus 0 Row 4 
Bus 1 Row 5 
Bus 2 Row 6 
Bus 3 Row 7 
Bus 4 Row 8 
Bus 5 Col 1 
Bus 6 Col 2 
Bus 7 Col 3 
MWR Col 4 
MRD Col 5 

CS Col 6 
Clock Col 7 

Data Out Col 8 
-V551 Col 9 

NC Col 10 
LCD<l> Col 11 

-VDIS Col 12 

• Display manipulation instructions to 
accomplish: 

Shift 
Rotate 
Blank 
Blink 
Fast load 
Power down 

• Instructions to control output of: 
Characters 
Cursor position 
Display control flags 
Busy status 

0551 
PIN CONFIGURATION 

+VCC (Pas. Supply) 1 • 40 
Data In 2 39 

Clock 3 38 
LCD<l> 4 37 

-V551 (Neg Supply) 5 36 
Data Out 6 35 

Col 34 7 34 
Col 33 8 33 
Col 32 9 32 
Col 31 10 31 
Col 30 11 30 
Col 29 12 29 
Col 28 13 28 
Col 27 14 27 
Col 26 15 26 
Col 25 16 25 
Col 24 17 24 
Col 23 18 23 
Col 22 19 22 
Col 21 20 21 
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Col 1 
Col 2 
Col 3 
Col 4 
Col 5 
Col6 
Col 7 

Col8 
Col 9 
Col 10 
Col 11 
Col 12 
Col 13 
Col 14 
Col 15 
Col 16 
Col 17 
Col18 
Col 19 
Col 20 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, (+VDD) ....... - 3V to + 13 Volts 
Input Voltage, (V1) ............ VDD - 15 to VDD + .3 Volts 
Operating Temperature, (TOp) 

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

Storage Temperature, (TSTO) .. - 50 to + 125°C 

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

ELECTRICAL CHARACTERISTICS at T A = + 25 ° C unless otherwise specified 
(-VBUS pin is considered GNO) VOO = VCC + VDlS. 

PARAMETER SYMBOL CONDITION MIN. MAX. UNITS 

Environmental 
Power Supply Voltage +VDD 5 10 V 

Power Supply Current 
IDD Operating at 5V 750 ~A 

(0550 and 0551) 

Quiescent Current IQ 5V, Power Down Mode 20 ~A 

(0550 and 0551) Inputs at Either Supply1 

Inputs - 550 VIH VDD = 3 to 10V .8VDD VDD V 

High Level 0550 

} 
VIL 8 Data Bus 0 .5VDD V 

Inputs 
Low Level 8 Data Bus VIL CS, MRD, MWR VCC-15 .5VDD V 

Leakage CS 
IL VIN = 0, VDD = 10 5 ~A MRD 

Capacitance MWR CIN 5 pf 

Inputs - 551 
High Level 0551 

} 
VIH .8VDD VDD V 

Low Level Inputs VIL VDD-15 .5VDD V 
Data In 

Leakage LCDet> IL VIN = 0, VDD = 10 5 ~A 

Capacitance Clock 
CIN 5 pf 

Outputs Signals to 

} 
High Level 0551 VOH VCC-·05 VCC V 

Low Level LCDet> 
VOL -VDIS -VDIS+·05 V 

Data Out 
Impedance Clock RON 5V, I = 100 f-IA 3 KO 

Column Drive Impedance ROUT 5V 40 KO 

Row Drive Impedance ROUT 5V 10 KO 

Bus Drive High VIH 5V, I = 1.6 mA source 4 V 

Bus Drive Low VIL 5V, I = 1.6 mA sink .4 V 

Timing (See Note 2) 
Data Set-up Time tDS Data valid to MWR fall 20 nsec 

Data Hold Time tDH MWR pulse to data 75 nsec 
change 

MWR Pulse Width High tpWH 600 nsec 

MWR Pulse Width Low tpWL 600 nsec 

MRD Delay tpD MRD fall to data valid 600 nsec 

MRD Pulse Width High tpWH 600 nsec 

MRD Pulse Width Low tpWL 600 nsec 

NOTE 1 - Oscillator high if driven 
NOTE 2 - MWR and MRD negative pulses assumed to be coincident with or narrower than CS negative pulse 
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FUNCTIONAL BLOCK DIAGRAM H0550/0551 

+VCC -VBUS -VOIS 

,l-l-L-----------------i 
CS 

MRO-l------j~1 

MWR-+-----I~ 

SYSTEM BLOCK DIAGRAM 

+VCC 

MICROCOMPUTER 
SYSTEM 

BUS 0-7 

8 

MRD (13) 

MWR(12) 

CS (14) 

-VBUS 

CONTROL 
LOGIC 

DISPLAY 
CONTROLLER 

0550 

The 0551 is a serially loaded column driver. 
The 0550 handles all other functions and is thus the controller. -V 

ALL 
SUBCIRCUITS 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ROW DRIVE 

8 

COLUMN 
DRIVE 

12 

DATA 

..J 

ROW COLUMN 0551 
DRIVE DRIVE CONTROL 
(8 BITS) (12 BITS) (4 BITS) 

COLUMN 
DRIVER 

0551 

LCD~~(4~)------~r_------------~ 
CLK (3) 

(See Operating Notes, page 8, Variable Resistor (item 2) and Power Supply (item 4). 

INPUT TIMING - 0550 OUTPUT TIMING - 0550 

CS 'I--__ .---JI CS \'----~: ~---J/ 
D~~~~~ ____ V_A_Ll_D __ ~--~~ MRD--------~~~-I-------J/ 
-M-W-R - ~'D\ /;-_tD_H_-..:.1 ___ ..... BUS ------:---<~,--V-AL-I.=.~:...:.2T.:..:.~.:...TP-U-T--->-

~tpDI-
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INSTRUCTION SET 

Table 1 

"g'; ... ' <,' <, OP, COde ..... .: 8US 
:>,~. 

. ····7:S543:i10 HEX'" .:'{.ee!', 
. . 

" '.':.' codl!! fiQ,.:h.··; . • "! ...... ,. ("ee J1C1te 1l '" 
001XXXXX 20 

Load Character to to 
010XXXXX 5F 

00 
Load Cursor Location OOOXXXXX to 

1F 

60 
Set Display Control Flag 011XXXXY to 

71 

Blink Cursor 01100000 - off 60 0 
01100010 - on 61 

Blink Display 01100011 - off 62 1 
0110 0011 - on 63 

Auto/Inc Dec 01100100 - off 64 2 
01100101 - on 65 

Up/Down 01100110 - off 66 3 
0110 0111 - on 67 

Blank Display 01101000 - off 68 4 
01101001 -on 69 

Visible Cursor 01101010-off 70 5 
0110 1011 - on 71 

Cursor Type 01101100 - off 72 6 
01101101 - on 73 

Busy Output Only - 7 

Rapid Load 0110 1110 - off 76 -0110 1111 - on 77 

Power Down 0111 0000 - off - -
0111 0001 - on 

Get Character 10000100 84 

Get Cursor Location 10000010 82 

Get Display Control Flags 10000001 81 

Inc/Dec Cursor 1000100X 88 
89 

Shift Right 10001111 8F 

Shift Left 10001101 8D 

Rotate Right 10001110 8E 

Rotate Left 10001100 8C 

Clear 10001010 8A 

Reset Busy (Abort) 10001011 
1 

8B 

NOTE: 1.Associated Bus Line for display control flags. Status appears 
on Bus Line on MRD input following a get control flags 
instruction. 
2. Only if busy is due to Load Character. 
3. See Instruction Set for special precautions. 

DISPLAY DRIVE LSI REQUIREMENTS 

Number of 0550 Required 

Number of 0551 Required 

!·lApt.lf.····· " . ·;;or.J Immec:f. 
C.feaWs.·, .<rrt!at~s . Npt·· Not 

"'Short I" ··Lortg ····l)Urlng . During 
.:otltfl~t .... ;El(ec. B\lIY . .. Busy PQ' BUSY 

I 

I 

I 

0 

0 
0 

I 

I 

I 

I 

I 

I 

I 

2 
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- - .J .J .J 

.J - - - .J 
(see note 2) 

.J - - - -

.J - - .J (see note 3) .J (see note 3) 

.J - - - -

.J - - - -

.J -
..j 

- -
(see note 2) 

- - .J .J .J 
- - .J .J .J 
- .J - .J .J 
- .J - .J .J 
- - .J .J .J 
..j - - - -

x ~ Variable Data Y ~ Flag State 
Short Busy is 5to 10 periods of master oscillator, or 125 ~sec. at82 KHz. 
Long Busy is up to 160 periods of master oscillator, or 2 msec. at 82 KHz. 
Input Instructions are accomplished when MWR and CS are held low. 
Output Instructions are accomplished when MRD and CS are held low. 

(An output instruction must have been previously written.) 
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INSTRUCTION EXPLANATION 

Load Character 
This instruction loads a specific character into 
a previously specified location. The instruction 
code is OXXXXXXX where the 7 bit ASCII data 
must be the 64 character subset corresponding 
to hex addresses 20 through SF. This instruction 
creates a long busy and cannot be performed 
during an existing busy condition or a power 
down. During the busy time, the ASCII data 
is loaded into a memory location which 
corresponds to the display position held in the 
cursor location register. 

Load Cursor Location 
This instruction sets the cursor location. The 
instruction code is OOOXXXXX where XXXXX 
can be any binary number a through 31. The 
cursor location serves as a pointer to one of the 
32 display positions. Zero corresponds to the 
1 st location and 31 corresponds to the 32nd 
location. The left most position is the a location 
and displays of less than 32 characters use 
positions 0, 1, 2 .... N. 

Set Display Control Flag 
This instruction sets or resets the individual 
flags which control the display and enable 
special instructions. The instruction code is 
011XXXXY, where the XXXX is a binary number 
a through 8 which corresponds to one of the 9 
flag registers, and the Y is the flag state. Table II 
gives the flag, the flag address, and the I/O bus 
on which the flag contents appear after the get 
display control flag instruction. 

Get Character 
This instruction enables an output command 
(MRD = 0) to fetch the ASCII code for the 
character pointed to by the cursor location 
register. After a load cursor location instruction, 
a time of 160 oscillator periods must be allowed 
before the Get Character instruction will output 
correct data. Bus 7 contains the Busy status. 
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Get Cursor Location 
This instruction enables a subsequent output 
command (MRD = 0) to fetch the cursor location. 
Bus 0-4 contain the cursor location, Bus S-6 
float, and Bus 7 contains the Busy status. 

Get Display Control Flags 
This instruction enables an output command 
(MRD = 0) to fetch the status of the display 
control flag registers. See the Instruction Set 
Table on page 4 for details of the positioning of 
the flags on the bus. 
Note: Any "Get" command need be given only 

once. Being stored on the chip, it may be 
used until a different "Get" instruction is 
needed. 

Inc/Dec Cursor 
The instruction code is 10001 OOX, where X = 1 
will cause an immediate advancement of the 
cursor one position to the right, and X = a will 
cause an immediate advancement of one 
position to the left. 

Shift 
The shift right (left) instruction advances every 
character right (left) by one position and loads a 
blank into the first (last) position. 

Rotate 
The rotate right (left) instruction advances every 
character right (left) by one position and moves 
the last (first) character to the first (last) position. 

Clear 
This instruction loads a blank into every display 
location. 

Reset Busy 
This instruction aborts any instruction execution 
which has caused a busy signal, resets the busy 
flag, and allows the immediate loading of any 
instruction. Of course the aborted instruction 
mayor may not have been completed. 



TYPICAL OUTPUT WAVEFORMS 

.........-:I ROW 1 SELECTED 

ROW 1 .75~g~ t ----+--
ROW2 

.25 VDD - - - - - -

0---

r-0FF=-=t-=-=-=0N I, OFF1 
COL 1 5 :::1 :....--~-_---__ -_----i[JII'------'--i1 

SAMPLE PROGRAMS 

Initialize - This sequence, per­
formed after system power 
up, will initialize everything, 
blank the cursor and set it at 
the left most position, and be 
ready for character loading 
from left to right. 

RESET BUSY 

Rapid Load Display - This 
sequence will display a 16 
character message using the 
rapid load feature. Assume 
initialization was done as in 
example. 

SET RAPID LOAD 
FLAG 

Character Load Display - Sup­
pose the display shows the 
message SUM = 354.2 (left i 

justified) and it is desired that 
this be changed to SUM = 
357.8. Assume the initialization ' 
of the example. 

r---------. SET CURSOR , 
LOCATION TO 6 I 

'----,.------' (7TH CHAR) 

LOAD A "7" RESET POWER DOWN MODE FLAG 
LOAD A "DON'T CARE" L....-_-.-_---' 

RESET RAPID LOAD FLAG 

RESET UNDERLINE 

RESET CURSOR VISIBLE FLAG 

RESET BLANK DISPLAY FLAG 

SET UP/DOWN FLAG TO UP 

SET (ENABLE) 
AUTO INC/DEC FLAG 

RESET BLINK DISPLAY FLAG 

RESET BLINK CURSOR FLAG 

SET CURSOR TO 
LEFTMOST POSITION 

CLEAR DISPLAY 

'-----r---.... CHARACTER r---~ 

LOAD CHARACTER 

RESET RAPID LOAD FLAG 
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DISPLAY CONTROL FLAG EXPLANATION 

Blink Cursor 
A "1" in this flag register causes the cursor (the 
position pOinted to by the cursor location 
register) to blink at approximately 1 Hz. The 
cursor visible flag must be set. The blinking is 
an on/off flashing for the underline cursor or an 
alternation between the character and solid fill 
(all 35 dots) for the full character cursor. 

Blink Display 
A "1" causes the entire display to flash on and 
off at approximately 1 Hz. 

Auto Inc/Dec. 
A "1" in this flag register causes the cursor 
location register to automatically be changed by 
one every time a character is read from or 
written to the character register. (See Up/Down 
flag.) 

Up/Down 
A "1" ("0") in this flag register works in conjunc­
tion with the Auto Inc/Dec flag to cause 
automatic incrementing (decrementing) of the 
cursor location register when a character is 
written to or read from the 0550. 

Blank Display 
A "1" in this flag register blanks the display, but 
leaves the display memory intact. 

Visible Cursor 
A "1" in this flag register causes the cursor (the 
position stored in the cursor location register) to 
be visible. The cursor cannot be blinked by the 
Cursor Blink flag unless it is made visible. 
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Cursor Type 
A "1" in this register selects an underline on 
row 8 for the cursor, and a "0" selects a filled 
character, all 35 dots visible. 

Power Down 
A "1" in this flag register stops the oscillator and 
opens a switch in the resistor divider used in 
the multiple voltage generator circuit, so all LCD 
drive signals rise to the positive supply. To 
ensure ultra low power, the inputs should be 
near the power rails, and, if driven, OSC should 
be held high. During this condition memory is 
not lost, but the circuit will not respond properly 
to some instructions. See Table 1. 

Busy 
The busy state means the circuit is processing a 
previous instruction and cannot be given certain 
other instructions (see Table 1 for details). Busy 
status will appear on Bus 7 during all output 
instructions, (hex. code 81,82, and 84). 

Rapid Load 
A "1" in this flag register stops the oscillator and 
resets the circuit. Each character load instruc­
tion loads a character starting with the 31 st 
location until the mode is terminated. Rapid load 
can be initiated at any time and creates a busy 
signal. The Rapid Load instruction needs 32 
loads to function properly. No other instructions 
should be given during a rapid load sequence. 
Rapid loading does not change the cursor 
location. 



OPERATING NOTES 

1. Oscillator 
The on-chip oscillator is controlled by an 
external capacitor. The frequency must be 
high enough (at least 50KHz) to ensure a 
flicker free display. The recommended fre­
quency is 82KHz for 64Hz update rate and 
1 Hz blink rate. The typical capacitor value is 
50pf when using a 1 m 0 resistor. 

2. The Variable Resistor 
The variable resistor indicated in the system 
block diagram may not be necessary, but 
could assist in display drive optimization and 
is also meant to imply possible temperature 
compensation. The resistor may need 
capacitor bypass. 

3. Input Signals 
The 0550 will interface with signals that come 
from circuits with different power supply 
magnitudes, either higher or lower. The con­
straints are (1) no signal should go more 
positive than the positive supply (therefore 
positive common is recommended) and (2) 
input levels must be satisfied. Input swings 
which are more negative than supply are 
allowed and input levels are biased toward 
the positive supply. Note that input levels are 
referenced to VOO = (VCC - (-VOIS)). 

4. Power Supply Voltages 
Two negative voltages are supplied to this 
chip. The microcomputer ground (-V8US) is 
used for the low output level on the I/O bus. 
The negative display supply (-VOIS) is 
chosen to give proper levels to the LCO. 
-VOIS must be equal to or lower than 
-V8US· 

5. Initialization 
This circuit doesn't power up in a particular 
state. The recommended power up sequence 
is a reset busy instruction (not necessary if a 
long busy time period is allowed to pass), 
setting of all display control flags, and a clear 
instruction. 

6. Cascading Chips 
If a display of over 32 characters is being 
driven and row lines are shared, two 0550's 
can be synchronized by giving them a fast 
load instruction simultaneously, and driving 
their oscillator pins with a common Signal. The 
row drivers of one 0550 need not be used. 

7. RMS Drive Voltages 
The RMS voltages supplied to the LCO by the 
0550 and 0551 Chip Set are as follows: 

VOO = voltage across chip, (VCC+VOIS) 
VRMS on = .424 VOO 
VRMS off = .293 VOO 

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' Intelligent Controller Evaluation Kit allows ease of design by providing a p.c. board 
with a complete interface circuit between 16 character dot matrix Liquid Crystal Display and 
the Hughes' 0550/0551 Intelligent LCD Controller/Driver. 

The p.c. board provides extra space (wire wrap) for users interface. Control of the display is 
handled through an 8 bit bi-directionall/O port. Completed circuit handles character decode, 
display manipulation, cursor control and all drive functions including refresh and generation of 
multi-level AC waveforms. 

FEATURES 

• Low power CMOS circuitry 
with power down mode 

• Microprocessor compatible 
parallel interface 

• 5 x 7 dot matrix; 16 character display 
• ASCII input format 
• Generation of all drive waveforms 
• Cursor control 

• Display manipulation, Instruction to 
accomplish shift, rotate, blank, blink, 
fast load, and power down 

• Instructions to control output of characters, 
cursor position, display control flags, and 
busy status, etc. 

• 11%" x 2%" p.c. board with users circuit 
space 

• Low cost 
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P.C. BOARD OUTLINE DRAWING 

DOT MATRIX LCD n T 2.750" 

L---__ ------'~ 
1 

I.. 4.825"---'--'''-11 .. 1 

1-... -----------11.750"-------------1· 

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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256 x 4 Static RAM - 1822C 

DESCRIPTION 

Hughes' 1822C is a static CMOS Random Access Memory organized as 256 words of 4 bits. The 
1822C has separate data inputs and outputs and operates over a 4-6.5 voltage supply, (VDD). 

Two chip selects (CS 1 and CS 2) are provided to simplify expansion within a memory system. The 
Output Disable (00) signal controls the output data disabling and is useful in Wire - OR 
connections and Common Input/Output systems. 

The address is decoded on the chip to access a four bit data word. When the chip is selected 
(CS 1 = low and CS 2 = high) and the Output Disable signal is low (VSS), the accessed data appears 
on the data output lines (DO 0-00 3) and remains until 00 goes high or the device is deselected 
(CS 1 = high or CS 2 = low). After valid data appears, the address inputs may be changed 
immediately to select another data word. 

To write information, a valid address and data word is presented to the 1822C with the memory write 
enabled (R/W = low), and the chip selected. When using a common input/output data bus, the 
Output Disable signal must be high. 

The 1822C is available in a 22 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 CMOS Circuitry 

• Interfaces Directly to 1802A Microprocessor 

• Fast Access Time 
250ns at VDD = 5V 

FUNCTONAL DIAGRAM 

BUFFER 
AND 

DECODER 

MAO MA1 MA2 MA3 

STORAGE 
CELL 

ARRAY vss = 8 

DI 0 DI 1 DI 2 DI 3 DO 0 DO 1 DO 2 DO 3 
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• Low Quiescent and Operating Power 

• No Precharge or Clock Required 

• Industry Standard Pinout 

PIN CONFIGURATION 

MA3 Voo 
MA2 MA4 
MA1 R/W 
MAO 19 CS 1 
MA5 5 18 00 

MA6 6 17 CS 2 

MA 7 7 16 003 
vss 8 15 013 
010 9 14 002 

000 10 13 012 
011 12 001 

OD 



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) 
1822C ... . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.5 to + 7 Volts 

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

NO TE: 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 
conditions for extended periods may affect device 
reliability. 

OPERATING CONDITIONS at TA = Full Package Temperature Range 

DC Operating Voltage Range 

Input Voltage Range 
STATIC ELECTRICAL CHARACTERISTICS at T A ---

Quiescent Device Current, IDD 

Output Voltage: 
Low-level, VOL 
High-Level, VOH 

Input Low Voltage, VIL 

Input High Voltage, VIH 

Output Low (Sink) 
Current, IOL 

Output High (Source) 
Current, IOH 

Input Current, liN 

3-State Output Leakage Current, lOUT 

Operating Current2, 1001 

40 to + 125°C, VOO ± 5% 

- 0,5 5 

- 0,5 5 
- 0,5 5 

0.5,4.5 5 

0.5,4.5 

0.4 0,5 5 

4.6 0,5 5 
0,5 5 

0,5 0,5 5 

0,5 

4 6.5 v 
VSS VOO V 

20 500 

o 0.1 
V 

4.9 5 

1.5 
V 

3.5 

1.6 2.6 rnA 

-1 -1.5 

:':5 

:':5 

4 8 rnA 

Input Capacitance, CIN - 0, 5 - - 5 7.5 pF 
Output Capacitance, COUT - 5 7.5 

Data Retention Quiescent Current, 100 2 30 100 

ns 
Chip Select to Data Retention Time, CDR 600 

Recovery to Normal Operation Time, tRC 5 600 

NOTES: 1. TYPical Values are for TA ;;:; + 25°C and nom mal VOD. 2. Outputs are open cirCUited; cycle time == 1 IJS. 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = - 55°C to + 125°C, VDD + 5%, tr, tf = 20n5. See Timing 
Diagram 

IC'»:·::··> .. ··7;··.~\·S(..; ;.; ............ ; VQP,.;I···; ••• ···.·.··•· •.. ···· ·.·;.·.·..../<.11122f,;·;.,···.··.··· •• " •. ··;·;·.·.·I.'.u~,i~i ' .. 
..•.... .....•.•.• L' ··'·/·f\1);f.;; .... ;,t.1ln,~ .. · .•••.. \';'Typ.4-;;t;.·t.1,,~;'; . .r: ..... 

Read Cycle Times 

Read Cycle, tRC 

Access from Address, tAOA 

Output Valid from Chip-Select 1, tOOAl 

Output Valid from Chip-Select 2, tDOA2 

Output Active from Output Disable, tOOA3 

Output Hold from Chip-Select 1, tOOHl 

Output Hold from Chip-Select 2, tDOH2 

Output Hold from Output Disable, tDOH3 

Write Cycle Times 

Write Cycle, twc 

Address Set-up, tAS 

Write Recovery, tWR 

f __ V\/rit,~,Width, tWRW 
Data input set-up, tDIS 

Data input Hold, tDIH 

Chip Select 1 Set-up, tCSSl 

Chip-Select 2 Set-up tCSS2 

Output Disable Set-up tODS 

NOTES: 3. Time required by a limit IS to allow for the indicated function. 
4. Typical values are for TA::::: + 25°C and nominal VOD. 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
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450 300 - ns 
- 250 450 ns 
- 100 450 ns 
- 100 450 ns 
- 75 200 ns 

20 - - ns 

20 - - ns 

20 - - ns 

500 300 - ns 

200 - - ns 

50 - - ns 

250 70 - ns 

250 70 - ns 

100 70 - ns 

250 100 ns 

250 100 - ns 

200 - - ns 



TIMING DIAGRAMS 

Read cycle waveforms and timing diagram. 

A O-A 7 

CHIP SELECT 1 

CHIP SELECT 2 

OUTPUT DISABLE 

READ/WRITE 

DATA OUT 

1+------ tRC ---------'i 

tDOA3 

HIGH IMPENDANCE 

tOOH3 

DATA OUT 
VALID 

Write cycle waveforms and timing diagram. 

A O-A 7 

CHIP SELECT 1 

CHIP SELECT 2 

OUTPUT DISABLE 

D11-D14 

READ/WRITE 

1+------- twc -------+ 

tDIS 

DATA IN STABLE 

--+----~I---tWRW--~/-----

NOTE 5: tODS is required for common I/O operation only; 

for separate 1/0 operations. Output Disable is Don't Care. 

Low VOO data retention waveforms and liming diagram. 

VDD 

/ 

HIGH 
IMPEDANCE 

r-- DATA RETENTION I 
MODE 

------~~95VDD VDR 095VD~~-------

tCDR ~ r-- tf3 tr6 --1 
VIH J I 

VIL ~ _______________________ _ 

NOTE 6: t r, tf >1 "S 
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SIGNAL DESCRIPTION 

MA O-MA 7: The eight input address lines select one of 256 four bit words. They are statically 
decoded on the chip to access the memory array. 

01 0-01 3: These four data inputs are read into the memory when ihe chip is selected and the 
Memory Write control (R/W = low) is asserted. 

DO 0-00 3: These four data outputs reflect the accessed data when the chip is selected and the 
Output Disable control is inactive (00 = low). 

CS 1 ,CS 2: These two input chip select signals enable the RAM when CS 1 is low and CS 2 is high. 

00, R/W: These two input controls determine the mode of memory operation. Output Disable signal 
(00) is inactive when performing a Read operation and enables the Data Output (DO ()-DO 3) 
three-state drivers. The Memory Write signal (R/W) is activated to perform a Write operation. A 
detailed control table follows: 

OPERATIONAL MODES 

Read 0 0 Read 

Write 0 0 0 Data Input 

Write 0 0 High Impedance 

Standby X X X High Impedance 

Standby X 0 X X High Impedance 

Output Disable X X X High Impedance 

Logic 1 = High; Logic 0 = Low; X = Don't Care 

NOTES: 1. When using an 1802A CPU controlled system, MWR is connected to R/IN and MRD is connected to OD. 
2. For T2L interfacing an external pull-up is recommended at each input. 

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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128 x 8 Static RAM - 1823C 

DESCRIPTION 

Hughes' 1823C is a static CMOS Random Access Memory organized as 128 words of 8 bits. The 
1823 has 8 common data input and output terminals and operates over a 4-6.5 voltage supply, 
(VDD)· 

Five chip selects (CS 1, CS 2, CS 3, CS 4 and CS 5) are provided to simplify expansion within a 
memory system. The Memory Read (MRD) signal controls the output data enabling and is useful in 
direct connection to a processor bidirectional data bus. 

The address is decoded on the chip to access an 8 bit data word. When the chip is selected (CS 2, 
CS 3 and CS 5 = low and CS 1 and CS 4 = high) and the MRD signal is low (VSS) the accessed data 
appears on the data output lines (DO 0-00 7). They remain valid until MRD goes high orthe device 
is de-selected. After valid data appears, the address inputs may be changed immediately to select 
another data word. 

To write information a valid address and data word is presented to the 1823C with the MemoryWrite 
enabled (MWR = low), and the chip selected. During a write operation, the MRD signal must be high. 

The 1823C is available in a 24 lead hermetic dual-in-line ceramic package (0 suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H suffix) 
are available upon request. 

FEATURES 

• Static CMOS Circuitry 

• Byte wide organization 

• Interfaces directly to 1802A and most 
microprocessors. 

• Fast access time 250ns at VDD = 5V 

FUNCTIONAL DIAGRAM 

MAO 
MA1 
MA2 
MA3 

MA4 
MA5 
MA6 

MRD 
MWR 

CS 1 
CS2 ---d"-..... 

CS3 
CS4 
CS5 

105 

• Low quiescent and operating power 

• No precharge or clock required 

• Industry standard pinout 

PIN CONFIGURATION 

BUS 0 1 • 24 VDD 
BUS 1 2 23 MAO 
BUS 2 3 22 MA1 
BUS3 4 21 MA2 
BUS4 5 20 MA3 

BUS5 6 19 MA4 

BUS6 7 18 MA5 

BUS 7 8 17 MA6 
CS 1 9 16 MWR 
CS 2 15 MRD 
CS3 14 CS5 

VSS 13 CS4 



ABSOLUTE MAXIMUM RATINGS 

Operating Temperature Range (T A) 
Ceramic Package ................. - 55 to + 125°C 
Plastic Package ................... - 40 to + 85°C 

OC SUPPLY-Voltage Range (VOO) 
(All voltage values referenced to VSS terminal) 

1823C ........................... - 0.5 to + 7 Volts 
Storage Temperature Range (T stg) .... - 65 to + 150°C 

NO TE: Stresses above those I isted under" Absol ute 
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 
conditions for extended periods may affect device 
reliability. 

OPERATING CONDITIONS at T A = Full Package Temperature Range 
« «< 

< < ~turs 
< 

DC Operating Voltage Range V 

Input Voltage Range I VOO V 

STATIC ELECTRICAL CHARACTERISTICS at TA = - 55 to + 125°C, VDD:to 5% 

Quiescent Device Current, IDO 0,5 20 500 ~A 

Output Voltage: 
Low-Level< VOL 0,5 0<1 V 
High-Level, VOH 0,5 4<9 

5 

3<5 

1<5 
V 

005,4<5 

0<5,4<5 

Input Low Voltage, VIL 

Input High Voltage, VIH 

2<0 4<0 

-1<0 -2<0 
mA 

0<4 0,5 

4<6 0,5 

Output Low (Sink) Current, IOL 

Output High (Source) Current, IOH 

5 ~5 

~5 
~A 

0,5 

0,5 0,5 

Input Current, liN 

3-State Output Leakage Current, lOUT 

Operating Current, 10012 0,5 mA 

75 

7<5 
pF 

Output Capacitance, COUT 5 

Input Capacitance, CIN 0,5 

DATA RETENTION CHARACTERISTICS at TA = - 55 to + 125°C; See Timing Diagram 

°UNl'f$ 

MaIL 

Min. Data Retention Voltage, VOR V 

Data Retention Quiescent Current, IDO 30 50 ~A 

Chip Select to Data Retention Time, GOR 600 

Recovery to Normal Operation Time, tRC 600 
ns 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = - 55°C to + 125°C, vDD ~5%, tr, tt = 20n5. See Timing Diagram. 

ioo<:«o.> '«"'C~ARAC'T~I$fl~r>.< 0"':<.«««« 1°<"&0° .1'<': < "'0 <LIM<l'f1;> 
.<°.:<,«°'«0 .... «<,< 0« 0<:<: ««<:<,< <0«< < °i< «0' (Ill I < <~Il·o~ I TyP;~ 

Read Cycle Times (See Figure 1) 

Read Cycle, tRC 450 300 ns 

Access from Address; tADA 250 450 ns 

Output Valid from Chip Select, tOOA 1 100 450 ns 

Output Valid from Chip-Select, tOOA2 100 450 ns 

Output Active from Memory Read, tAM 75 200 ns 

Data Hold from Chip-Select, tOOHl 100 50 100 ns 

Data Hold from Chip-Select, tOOH2 100 50 100 ns 

Data Hold from MRD, tDOH3 100 50 100 ns 

Write Cycle Times (See Figure 2) 

Write Cycle, twc 500 300 ns 

Address Set-up, tAS 200 ns 

Write Recovery, tWR 75 ns 

Write Width, tWRW 250 70 ns 

Data Inpul Set-up, tDIS 250 70 ns 

Data Input Hold, tDIH 100 70 ns 

Chip Select Set-up, tCSSl 250 100 ns 

Chip-Select Set-up tCSS2 250 100 ns 

NOTE: 1. Typical values are for TA :::: + 25°C and nominal VOO' 
2. Outputs open circuited; cycle time = 1 IJs 
3. Time required by a limit is to allow for the indicated function. 
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TIMING DIAGRAMS 

AO-A 7 

CHIP SELECT 
CS2·,CS3,CS5 

CHIP SELECT 
(CS 1, CS 4) 

~-----------IRC------------~ 

MRD ---+---

H 1823C 

DATA OUT 
(BUS O-BUS 7) DATA OUT 

VALID 
HIGH 

IMPEDANCE 

Figure 1 - Read cycle waveforms and timing diagram. 

~---------------twc--------------~~ 

AO-A 7 

CHIP SELECT "7.:/'/t77:>.I-----­
CS 2, CS3, CS 5 ""''"''"'I'-'-''"''I------------t---'' ....... "''''"''"'''"~ 

CHIP SELECT 
(CS1,CS4) :....:;.,,~~~..,""" ____ _ 

BUS O-BUS 7 

tDIS,--_"","""o--~--

DATA IN ""'7""1'"J'""'?"'. 
STABLE 

Figure 2 - Write cycle waveforms and timing diagram. 

VDD 
I DATA RETENTION I 

MODE 

-----\1'\95 VDD VDR 0.95 VD'1I~----

'CDR+-i r-,,3 ',6--1 
VIH ,I ' 

VIL 

NOTE 6: tr, If > 1 ~S 

Figure 3 - Low VOO data retention waveforms and timing diagram. 
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SIGNAL DESCRIPTION 

MA O-MA 6: The seven input address lines select one of 128 eight bit words. They are statically 
decoded on the chip to access the memory array. 

BUS O-BUS 7: These eight data lines are read into the memory when the chip is selected and the 
Memory Write control is active (MWR = low). They become data outputs and carry the accessed 
data when the chip is selected and the Memory Read Control is active (MRD = low). 

CS 1, CS 2, CS 3, CS 4, CS 5: These five input chip select signals enable the RAM when CS 2, CS 3, 
and CS 5 are low and CS 1 and CS 4 are high. 

M RD ,MWR: These two input controls determine the mode of memory operation. The memory read 
signal (MRD) is active when performing a Read operation and enables the Data Output i," 

(BUS O-BUS-?) three-state drivers. The Memory Write signal (MWR) is activated to perform a Write 
operation. A detailed control table follows: 

OPERATIONAL MODES 

Ft.lNtTiON < <MRtt l\IoN,8,' eS1 ,G!U d.s}·' lis" c~ IlUs:fE8MIN~(st.4rE , '" 

Read 0 X 0 0 0 Storage State of Addressed 
Word 

Write 0 0 0 0 Input High-Impedance 

Stand-by 0 0 0 High-Impedance 

X X 0 X X X X 

X X X X X X 

Not Selected X X X X X X High-Impedance 

X X X X X 0 X 

X X X X X X 

Logic 1 = High Logic 0 = Low X = Don't Care 

NOTE: For T2L interfacing an external pull-up is recommended at each point. 

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. Nolicense is 
granted by implication or otherwise under any patent or patent rights of Hughes. 
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32 x 8 Static RAM - 1824 

DESCRIPTION 

Hughes' 1824 is a static CMOS Random Access Memory organized as 32 registers of 8 bits, and 
contains a common bi-directional three state data bus enabled by the Memory Read (MRD) signal. 
Data is written into the RAM when the chip is selected (CS = 0) and the Memory Write (MWR) signal 
is asserted. Data is accessed by decoding the address lines and is transmitted onto the data bus 
when CS and MRD are enabled. The 1824 is fully decoded and does not require a precharge or 
clocking signal. This RAM may be used to provide a data stack or buffer storage for small systems. 

The 1824 operates over a 4-1 O.S voltage supply while the 1824C operates over a 4-6.S voltage 
supply. The 1824 is available in an 18 lead hermetic dual-in-line ceramic package (D suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carriers (L suffix). Devices in chip form (H suffix) 
are available upon request. 

FEATURES PIN CONFIGURATION 

• Static Silicon Gate CMOS Circuitry 

• Interfaces Directly to 1802A Microprocessor 
without Additional Components 

• Access Time 
400ns typical at VDD = SV 
200ns typical at VDD = 10V 

• Single Voltage Supply 

• Low Quiescent and Operating Power 

• No Precharge or Clock Required 

FUNCTIONAL DIAGRAM 

Voo - 18 

MA 4-----, 
MA 3 

MA 2 
MA 1 
MA 0 

MWR 

MA4 1 

MA3 2 
MA2 3 

MA1 4 

MAO 5 

BUS 7 6 

BUS 6 7 

BUS 5 8 

VSS 9 

VSS 9 BUS BUS BUS BUS BUS BUS BUS BUS 
76543210 
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CS 

BUS 0 
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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) 

1824 ............................. - 0.5 to + 13 Volts 
1824C ........................... - 0.5 to + 7 Volts 

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

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

reliability. 

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

I~ 

Recommended Input Voltage Range VSS VOO V 

Input Signal Rise and Fall Time, tr, tf, 
5 

10 2 
IJS 

.' .... , ".~;." •....• ,~.· •••.. ,i ..• > .• j ...• ·.·(lo .. o.:n~ .... s; •.• · ... · ........ J •.•.•••.•. .' ' ...••. ·.·.· •. '.L3~I:l'o$C " .'., .• ' "i ............ .. r.· .. ··l:.~ ... ~1~ '" ;T'~~h.r\l~.,IV.N .. >.·1/1)01 ...•. 11124· ... i. ·i .. ·I.··. ~.Y 
··.ii·.. . ... ·i.·. '.ii·. .i.' .. "':?7r' '77~"s"rJ·.··· ....... i·X .i.· .• i· •. i·.. . ..;!¥r;.ii;:t¥> .• /l.~i".·.1 'l'yp.'; I i ·.·l\IiI1!,I./ijlllJ"'i liM~ .j. .' ' .. 

STATIC ELECTRICAL CHARACTERISTICS al TA = - 40 10 + 85'C, VDD ±5% 

Quiescent Device Current. IL 
- - 5 - 50 100 - 250 500 

IJA 
- - 10 - 250 500 - - -

Output Voltage 0.5 - 5 - 0 0.05 - 0 0.05 

Low Level, VOL 0,10 - 10 - 0 0.05 - - -
0,5 5 4.95 5 4.95 5 - V 

High Level, VOH 
- -

0,10 - 10 9.95 10 - - - -

Input Voltage - 0.5,4.5 5 - - 1.5 - - 1.5 

Low Level, VIL - 1.9 10 - - 3 - - -

- 0.5,4.5 5 3.5 - - 3.5 - - V 
High Level, VIH 

1.9 10 7 - - - - - -

Output Drive Current 0,5 0.4 5 1.8 2.2 - 1.8 2.2 -

N-Channel (Sink) ION 0,10 0.5 10 3.6 4.5 - - - -

0,5 4.6 5 -0.9 -1.1 - -0.9 -1.1 - mA 
P-Channel (Source), lOP 

0,10 9.5 10 -1.8 - 2.2 - - - -
Input Leakage, IlL, IIH Any Input - 5,10 - ±0.1 ±1 - ±0.1 ±1 iliA 

3-State Output Leakage 1 0,5 0,5 5 - ±0.2 ±2 - ±0.2 ±2 

Current lOUT 0,10 0,10 10 - ±0.2 ±2 - - - IJA 

DYNAMIC ELECTRICAL CHARACTERISTICS al TA = - 40 10 + 85'C, VDD ± 5%; Ir' I, = 10no, CL = 50 pF, RL = 200KO 

Read Operalion 

Access Time From - 5 - 400 710 - 400 710 - ns 
Address Change, tAA - 10 - 200 320 - - -

Access Time From - - 5 - 300 710 - 300 710 
ns 

Chip Select, tAC2 - 10 - 150 320 - - -

Output Active From - - 5 - 300 710 - 300 710 
ns 

MRO, tAM' - 10 - 150 320 - - -

Wrile Operalion 

Write Pulse Width, tww - - 5 390 200 - 390 200 -
ns 

- 10 180 150 - - - -

Data Setup Time, tos - - 5 390 100 - 390 100 -
ns 

- 10 180 50 - - - -

Data Hold Time, tOH - - 5 70 40 - 70 40 -
ns 

- 10 35 20 - - - -
Chip Select Setup Time, tcs 

- 5 425 210 - 425 210 -
ns -

- 10 215 110 - - - -

Address Setup Time, tAS - - 5 640 000 - 640 500 - ns 
- 10 390 300 - - - -

Address Hold Time, tAH - - 5 - 100 - - 100 -
ns 

- 10 - 50 - - - -

Power Dissipation, Po - - 5 - 10 - - 10 -
mW 

(Chip Selected) - 10 - 40 - - - -

NOTE: 1. Typical values are for T A = + 25'C and nominal VOO 

2. tAC and tAM are given as minimum times for valid data outputs. Longer times will initiate an earlier but invalid input. 
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TIMING DIAGRAMS H 1824/1824C 

Read Operation 

~~~=======_IA_M __ -_-_-_-_-_-_-_~'~I __________________ __ 

t;:::IAA-l 
MAO-4----------~>c~ _________ I ______________ ___ 

MRD 

CS~~~ 1 

~IAC~ ,-________________ __ 

BUS (' VALID DATA 
HIGH IMPEDANCE '------------------

Write Operation 

MAO-4 -----xl.'---------f.= 
. - lAS -----'1 IAH 

CS~ 
-----,: towW-::~L, 

1_ IDS :::::4'tDH 1::= 
BUS ---------------------..... X VALID DATA ):(,, __ _ 

~ Don'l care condition. 

The dynamic characteristic table and the above timing diagrams represent maximum performance capability of 
the 1824. 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. 

tww = 2tc 
tDH = 1.0tc 
tDS = S.Stc 

tAH = 1.Otc tAS = 4.Stc 

Data transfers from 1802A to Memory 

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

DATA RETENTION CHARACTERISTICS at TA = - 40 to + 85°C 

OHA.~CTi!RiSTICS 
.. 1lI~4. 

CONDITJON$ Voo I 
(V) MIn; Max. 

Data Retention Voltage, VDR - - 2.5 -
Data Retention Quiescent 

VDR = 2.5V - - 50 
Current, IDD 

Chip Deselect to Data 
VDR 2.5V 

5 600 -
= 

Retention Time, tCDR 10 300 -
Recovery to Normal 

VDR = 2.5V 
5 600 -

Operation Time, tRC 10 300 -

1824C 

M.ln. Max. 

2.5 -

- 250 

600 -
- -

600 -
- -
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V 

IJA 

ns 

r DATA RETENTION ., 
MODE I 

VDD--_:>"IO.95VDD VDR O.95VDD;ZI----

...j I-" t,* tf* ~ j. 

*tr,tf> , 1.18 

Low VDD data retention .waveforms and timing diagram. 



SYSTEM INTERCONNECT 

A ADD- BUS ~ ADD- BUS 
MAO-MA 7 '-J" MAO-MA4 '-J" 

... TPA TPA -----
--

1831 ROM MRD 1824 RAM MRD 1802A CPU 

MWR 
~ 

* CEO CS 

BUS O-BUS 7 

J I I I 8 BIT BI-DIRECTIONAL DATA BUS I I 
'Chip select may be derived through (1) address decode, (2) CEO signal from ROM, or 
(3) always enabled (GND) per system requirements. 

For a microprocessor system requiring a minimal amount of writable storage, the 1824 can be used 
as an adequate scratch pad memory and as stack storage for a wide range of cOiltrol applications. 
No additional interface elements are required. 

SIGNAL DESCRIPTION 

MA O-MA 4: These five input address lines select one of 32 eight bit words. They are statically 
decoded on the chip to directly access the register array. 

BUS O-BUS 7: These eight bi-directional three state data lines form a data bus common with the 
1802A microprocessor. Data is written into the RAM or read from the RAM through these lines. 

MRD, MWR, CS: These three control signals determine chip selection bi-directional data control 
and operation of the chip when activated as follows: 

MRD = Memory Read 
MWR = Memory Write 
CS = Chip Select (allows memory expansion) 

Read 
Write 

Not Selected 
Standby 

o 
o 
1 

o 

Logic 1 = High Logic 0 = Low 
NOTE: MRD overrides MWR 

o 
1 

X 

x = Don't Care 

x 
o 
X 

Output Mode 

Input Mode 

High Impedance Mode 
High Impedance Mode 

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. 

112 

I ~ 



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. The 1831 
and 1833 respond to a 16-bit address time multiplexed on the 8 address lines (MA O-MA 7). 

The eight most significant address lines are latched on chip by the clock input. This ad­
dress 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 Out- I 
put (CEO) is activiated when the chip is selected and can be used as a disable control for 
the small RAM memory systems. Data is accessed from the memory by decoding the Ad-
dress inputs and enabled on the data bus by the two Chip Selects (CS 2 and CS 1), the 
Memory Read (MRD) and the upper address decode. The CEI signal may be used as an addi-
tional 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), plastic package (P suffix), cerdip (Y suffix) or lead less chip car­
rier (L suffix). Devices in chip form (H suffix) are available upon request. 

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

Microprocessor without Additional 
Components 

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

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

Within 64K Memory Space, Mask 
Programmable 

FUNCTIONAL DIAGRAM PIN CONFIGURATION 

MA 7 
1 BUS 7 VDD 2 BUS 6 MA 7 

MA 6 3 MA 6 CLOCK 
MA 5 

4 ADDRESS 
BUS 5 

NC/CEI 
MA 4 BUS 4 MA 5 

5 LATCHES, BUS 3 MA 4 CS 1 
MA 3 STORAGE OUTPUT 
MA 2 

6 BUFFER & BUS 2 MA 3 CS 2 
ARRAY BUFFERS 7 DECODER BUS 1 MA 2 MRD 

MA1 8 MA 1 CEO MAO BUS 0 
23 MA 0 BUS 7 

CLOCK BUS 0 BUS 6 
ITPA) BUS 1 BUS 5 

BUS 2 BUS 4 

MRD 19 BANK VSS BUS 3 

CS 2 20 SELECT CEO 

CS 1 21 DECODE 

voo ~ 24 Voo ~ 12 * No Connection on 1831 
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ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range (T A) 

Ceramic PackaQe ............ -55 to +125°C 
Plastic Package ............. -40 to + 85°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 (Tstg) . _ -65 to +150°C 

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

OPERATING CONDITIONS at TA = Full Package Temperature Range Unless Otherwise Specified_ 

..•..•...... /. '.. ..cQ~1;)I'T'P/llS • 0.· .... :.:.... •• •••• ··.:.LJMITS ....... .• ..•••.. <:..: < 

I· .• ·.~ .... " -:-It:"'.l)~I~>:/.Vbf) .. · ...• >1~1 / .. ···· .• ·.·.1~aic .• ···• ... 1.a~·· .•. ·.··•··• ·.·.···1811:aC .••• ··.V.NIT$ 

. .•.. ... .·..·i·.i . ..•.. ..... .... ... ... ... . ...... /00 •.. •.• ..NlHI;· .J\Il.a.x;. ·.l\IIin; .. Ma~. . Nlin.·· •.. Max: . · .. MlIT.· .Nljx .•. 
Supply Voltage Range (At T A = Full 

Package Temperature Range) 4 10.5 4 6.5 0 10.5 4 

Recommended I nput Voltage Range VSS VOO VSS VOO VSS VOO VSS 

Clock Pulse Width (TPA), tpAW 5 200 200 200 200 

10 70 70 

Address Setup Time, tAS 5 50 50 75 75 

10 25 40 

Address Hold Time, tAH 5 150 150 100 100 

10 75 50 

ELECTRICAL CHARACTERISTICS at TA = -40 to + 85°C, VDD = ± 5% except as noted 

STATIC 

Quiescent Oevice Current, I L 

Output Orive Current, 

N·Channel (Sink), ION 

P-Channel (Source), lOP 

Output Voltage 

Low Level, VOL 

Output Voltage 

High Level, VOH 

Input Leakage Current, 

IIL,IIH 

3-State Output Leakage 

Current, lOUT 

0.4 

0.5 

4.6 

9.5 

0,5 

0,10 

• Typical values are for TA = 25°C and nominal VOO 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

0.01 50 

200 

0.55 

1.3 

-0.35 - -

-0.65 -

0 0.05 

0 0.05 

4.95 5 

9.95 10 

±1 

±1 

±1 

±1 

114 

0.02 200 0.01 50 0.02 

200 

0.55 0.8 0.8 

1.8 

-0.35 - -0.8 - -0.8 -
-1.8 -

0 0.05 0 0.05 0 

0 0.05 

4.95 5 4.95 5 4.95 5 

9.95 10 

±1 ±1 

±1 

±1 ±1 

±1 

6.5 

VOO 

200 

0.05 

±1 

±1 

V 

V 

ns 

ns 

ns 

~A 

mA 

V 

V 

~A 

~A 



ELECTRICAL CHARACTERISTICS, Cont. 

CHARACTERISTICS CONDITIONS 

Vo VDD 
(V) (V) 

DYNAMIC: Ir, II = 10n5, CL = 50pF, RL = 200 KO 

Access Time From Address - 5 

Change, tAA - 10 

Access Time From Chip - 5 

Select, tACS - 10 

CEO From Address - 5 

Change, tCA - 10 

Bus Contention Delay, - 5 

tD - 10 

Daisy Chain Delay, - 5 

tlO - 10 

Read Delay, - 5 

tMRD - 10 

Chip Select Delay, - 5 

tcs - 10 

Chip Enable Output Delay - 5 

Time From CS, tco - 10 

Power Dissipation, PD - 5 

Cycle time = 2.5~s - 10 

* Typical values are for TA ::::: 25°C and nominal VOD 

TIMING DIAGRAMS 
1831 

CS 
~~~~~~~~'I 

CLOCK 
(TPA) ----"'1 
MRD-------~-ll 

tcs I--

CEO ---------+---{ 

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

Min. 

-

-

-

-

-
-

-

-
-

-

-

-

-
-

-
-

-
-

.. Valid Data. OUTPUT 

Longer Time Will 
Initiate An Earlier 
But Invalid Output 

ACTIVE 

H 1831/1833 

1831 1831C 1833 1833C 

Typ.' Max. Min. Typ.' Max. Min. Typ.' Max. Min. 
UNITS 

Typ.' Max. 

850 1000 - 850 1000 - 650 775 - 650 775 

350 400 - - - - 350 425 - - - ns 

700 800 - 700 800 - 500 625 - 500 625 

250 300 - - - - 275 310 - - - ns 

500 600 - 500 600 - 120 170 - 120 170 

200 250 - - - - 70 100 - - - ns 

200 350 - 200 350 - 220 270 - 220 270 

100 150 - - - - 130 150 - - - ns 

- - - - - - 200 250 - 200 250 

- - - - - 100 150 - - - ns 

300 500 - 300 500 - 400 500 - 400 500 

100 150 - - - - 200 275 - - - ns 

600 750 - 600 750 - 250 320 - 250 320 

200 300 - - - - 125 180 - - - ns 

400 500 - 400 500 - 200 250 - 200 250 

200 250 - - - - 100 150 - - - ns 

15 - - 15 - - 30 - - 30 -

60 - - - - - 120 - - - - mW 

1833CS~ 
-tc-S-::j.,-----

--tACS 

MA 

MUX (TPA) 

M-R15 

CEI 

tlO 

VALID ~tCA 
DATA 

CEO 
tD 

BUS 
H.O. = High Order Address t00I OUTPUT VALID 
L.O. = Low Order Address ~ INVALID OR DON'T CARE CONDITIONS ACTIVE DATA 

The dynamic characteristic table and the above timing diagrams represent maximum performance 

capability of the 1831/1833. When used in direct system interface with the 1802A microprocessor, the 

timing relation will be determined by the clock frequency and timing signal generation of the 

microprocessor. In the latter case the following general timing conditions hold: tAH = O.5tc 

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

AD DR BUS ADDRBUS 
DATA 

TPA TPA 
SCQ,SC1 CPU 

INTERRUPT 1/0 
RAM 

MRD MRD 
IJMA-TN,D A-O 

CONTROL 

CEO 
MWR 

F1-EF4 

8 BIT BI-DIRECTIONAL DATA BUS 

SIGNAL DESCRIPTION 
MAO-MA7: 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. 

BUS 0 - BUS 7: 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 prices and other information relating to ROMs. ROM order forms and 
instructions concerning means of data conveyance are available from Hughes Solid State 
Products or Hughes' Representatives_ 

Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed 
by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes. 
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512x8 Static ROM - 1832 
1024x8 Static ROM - 1834 

DESCRIPTION 

Hughes' 1832 and 1834 are static CMOS Mask Programmable Read Only Memories. When an 
address is presented on lines MA O-MA 8 (1832) or MA O-MA 9 (1834) the decoded word 
location is accessed and presented to the output sense amplifiers. This 8-bit word is enabled 
onto the lines by the CS signal in the 1832, or the CS 1 and CS 2 signals in the 1834, which can 
be used for memory expansion. The 1832 is a pin-for-pin compatible replacement for the 
2704/8704 PROMs while the 1834 is a pin-for-pin compatible replacement for the 2708 PROM 
or 2308 ROM. 

The 1832 and 1834 operate over a 4-10.5 voltage range while the 1832C and 1834C operate 
over a 4-6.5 voltage range. The ROMs are available in a 24 lead hermetic dual-in-line ceramic 
package (D suffix), plastic package (P suffix), cerdip (Y suffix) or lead less chip carrier (L suf­
fix). Devices in chip form (H suffix) are available upon request. 

FEATURES 

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

at maximum speed 

• Access Time - 1832 
850ns Typical at VDD = 5V 
400ns Typical at V DD = 10V 

• Access Time - 1834 
575ns Typical at V DD = 5V 
350ns Typical at VDD = 10V 

FUNCTIONAL DIAGRAM 

MAO 
MA 1 
MA 2 
MA 3 BUFFERS 
MA4 & STORAGE OUTPUT 
MA 5 DECODERS 

ARRAY BUFFERS 

MA6 
1 

MA 7 23 
MA ~ 22 

MA9 

• Single Voltage Supply 
• Low Quiescent and Operating Power 
• Static - No Clocks Required 
• Functional Replacement for Industry 

Standard 2704 (512 x 8) PROM or 
2708 (1024 x 8) PROM 

PIN CONFIGURATION 

BUS 7 MA 7 1· 24 
BUS 6 
BUS 5 MA6 2 23 

BUS 4 MA5 3 22 

BUS 3 MA4 4 21 
BUS 2 MA 3 5 20 
BUS 1 MA 2 6 19 
BUS 0 

MA1 7 18 

MAO 8 17 
VDD = 24 BUS 0 9 16 
VSS = 12 BUS 1 10 15 

BUS 2 11 14 
* No Connection on 1832 

* *CS on 1832, CS 1 on 1834 
VSS 12 13 
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VDD 

MA8 
NCtMA 9 
NC 

CStCS 1 

NC 

NCtCS 2 
BUS 7 

BUS 6 

BUS 5 
BUS 4 
BUS 3 
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ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range (T A) 

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

OC Supply-Voltage Range (VOO) 
(All voltage values referenced to VSS terminal) 

1832/1834 ..................... -0.5 to+13V 
1832C/1834C . . . . . . . . . . . . . . . . .. - 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 

ELECTRICAL CHARACTERISTICS at T A 

Output Orive Current 

N·Channel (Sink), ION 

P·Channel (Source), lOP 

Output Voltage 

Low Level, VOL 

Output Voltage 

High Level, VOH 

Input Leakage Current 

IIL,IIH 

3 State Ouput Leakage 

Change, tAA 

Access Time From Chip 

Select, tAC 

Chip Select Oelay, tcs 

• Typical values are for T A ~ 25°C and nominal VOO 

-40 to + 85°C, VDD = ±5% except as noted 

V 

v 

mW 
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TIMING DIAGRAMS 

1832 

1834 

MA 

CS------_ 

r- tCS--j 

BUS 

1~-tA~iA= 
HIGH IMPEDANCE~---

////////#~ 

OUTPUTS VALID DATA 
ACTIVE 

tAA 

tAC 

'----- tcs 

BUS _H~IG~H~I~M~P~ED~A~N~C~E~ ____ ~~~ _____ _ 

OUTPUTS 
ACTIVE 

VALID DATA 

H 183211834 

IZl INVALID OR DON'T CARE CONDITIONS 

FUNCTIONAL OPERATION 
These ROMs are completely static (no clocks are required). Decode of the input address selects a word 
from the storage array. The chip select signal enables the selected word to appear on the output bus 
line. 
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SYSTEM INTERCONNECT 

N O-N 2 MRD 
TPB 

ADDR BUS Q 
DATA 

TPA 
SC 0 SC 1 1/0 

RAM INTERRUPT 

MRD CONTROL MRD 
DMA-IN DMA-OUT 

MWR 

EF1-EF4 

8 BIT BI-DIRECTIONAL DATA BUS 

SIGNAL DESCRIPTION 

MAO·MA9: These address lines, MAO-MA8 (1832) or MAO-MAg (1834), select a decoded 
word. 

BUSO·BUS 7: These eight bi-directional three-state data lines form a common bus with the 
1802A microprocessor. 

CS, CS1, CS2: These chip select signals are provided for memory expansion. Outputs are 
enabled when CS = 0 in the 1832, while the polarity of CS1 and CS2 are user mask pro­
grammable in the 1834. 

ORDERING INFORMATION 

Contact Hughes for prices and other information relating to the ROMs. ROM order forms 
and instructions concerning means of data conveyance are available from Hughes Solid 
State Products or Hughes' representative_ 

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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2048 x 8 Static ROM-1835 

DESCRIPTION 

Hughes'1835 is a static CMOS Mask Programmable Read Only memory. The 1835 responds to a 16 
bit address time multiplexed on the eight address lines (MA O-MA 7). The eight most significant 
address lines are latched on chip by the Clock input's negative transition. This address may be 
decoded by mask option to allow the 1835 to operate in any 2048 byte area within the 65,636 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 memory systems. The CEI signal may be used as an additional control of 
the ROM selected output signal, CEO. Data is accessed frqm memory by decoding the Address 
inputs and enabled on the data bus by the two Chip Selects (CS 2 and CS 1), the Memory Read 
(MRD) and the upper address decode. The polarity of the CS 2 and CS 1 signals are mask 
programmable. 

The 1835 operates over a 4-1 0.5 voltage range while the 1835C operates over a 4-6.5 voltage range. 
The ROMs are available in a 24 lead hermetic dual-in-line ceramic package (0 suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H suffix) 
are available upon request. 

FEATURES 

• Static CMOS Circuitry 

• Interfaces Directly with 1802A 
Microprocessor without Additional 
Components 

• Access Time 
gOOns Typical at VDD = 5V 
500ns Typical at VDD = 10V 

FUNCTIONAL DIAGRAM 

MAO-7 8 

• Single Voltage 

• Low Quiescent and Operating Power 

• No Clocks Required 

• Chip Select and Address Location within 
64K Memory Space, Optionally 
Programmable 

PIN CONFIGURATION 

MA 7 1- 24 VDD 
MA6 2 23 CLOCK 
MA5 3 22 CEI 

MA4 4 21 CS1 
MA 3 5 20 CS2 
MA2 6 19 MRD 

MA 1 7 18 CEO 
MAO 8 17 BUS 7 

BUS 0 9 16 BUS 6 
BUS 1 10 15 BUS 5 

CLOCK=~:t==+===~-"'\ ENABLE 
MAD ~-------"'--'=-' 

BUS 2 11 14 BUS 4 
VSS 12 13 BUS 3 

CS1=====t~C CS2 )------------CEO 
CEI 
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ABSOLUTE MAXIMUM RATINGS 

Operating Temperature Range (T A) 
Ceramic Package ..................... - 55 to + 125 ° C 
Plastic Package ....................... - 40 to + 85°C 

OC Supply-Voltage Range (VOO) 
(All voltage values referenced to VSS terminal) 

1835 ................................. - 0.5 to + 11 Volts 
1835C ................................ - 0.5 to + 7Volts 

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

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

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

Supply Voltage Range (At T A = full 
4 10.5 4 Package Temperature Range 

Recommended Input Voltage Range VSS VDD VSS 

Clock Pulse Width (TPA), tPAW 
5 300 300 

10 150 

Address Setup Time, tAS 
5 300 300 

10 150 

Address Hold Time, tAH 
5 0 0 

10 0 

ELECTRICAL CHARACTERISTICS at TA = +25°C, VDD =::':. 50/0 except as noted. 

STATIC 

Quiescent Device Current, IQ 

Input Voltage Low Level, VIL 

Input Voltage High Level, VIH 

Output (Sink) Current, IOL 

Output (Source) Current, IOH 

Input Leakage Current, 

IlL. IIH 

3 State Output Leakage 
Current, lOUT 

" 

...... 

0.4 

0.4 

4.5 

9.5 

o 
o 

0, 5 
0, 10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 
10 

5 
10 

3.75 

7.5 

2 

4 

2 

4 
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10 

+ 1 
+ 1 

!1 
+ 1 

100 

400 

1.25 

2.5 

!5 
+ 10 

3.75 

1.6 

1.6 

6.5 V 

VDD V 

ns 

ns 

ns 

100 
Il A 

400 

1.25 
V 

V 

mA 

mA 

+ 1 5 

+ 1 

I~ 

i 
I 



ELECTRICAL CHARACTERISTICS, cont. H 1835 

CONDITIONS 
LIMITS 

CHARACTERISTICS 1835 1835C 
UNITS 

Vo VDD Min. Typ; Max. Min. Typ. Max. (V) (V) 

DYNAMIC: tr• tf = 10 ns. CL = 50 pF 

Power Supply Current, IDD - 5 - 3 - - 3.5 -
(Chip Selected 400 KHz) - 10 - 10 - mA - - -

CEO from Address Change, tCA 
- 5 - - 325 - - 325 
- 10 - - 200 - ns - -

Daisy Chain Delay, tlO 
- 5 - - 150 - - 150 
- 10 - - 100 - - ns -

Read Delay, tMRD 
- 5 - - 200 - - 200 

10 100 
ns - - - - - -

Chip Select Delay, tcs 
- 5 - - 250 - - 250 
- 10 - - 125 - - ns -

Access Time from Chip - 5 - - 325 - - 325 
Select, tACS - 10 - - 175 - - ns -

Access Time From Address - 5 - 900 1300 - 900 1300 
Change, tAA - 10 - 500 800 - ns - -

TIMING DIAGRAM 

MA X HIG~~~DER X LOW ORDER BYTE 

I-tAS:JtAHi==tAA~ 
CLOCK ~ I 

(TPA) trill tPPAAWW-, ~----------

ctACs--i 
cs/ry~n~~.ryn~ryn~~nn~~ryn~n7m~~ _____ ,~ ______ _ 

--- I l-itMRDI-I 

MRD I ~~'-I ---'-:---'-----

CEI 

f..---tCA~~ I 
cm ~ 

HIGH IMPEOANCE tcs I 
DATA BUS ~ VALID DATA 

~UTPUT ACTIVE 

8 BIT BI DIRECTIONAL DATA BUS 

d u U 
TPA TPA 

-" --- --
ADDR BU~ 

-~--
ADDA BUS --- ADOR BUS 

MWR 

ROM ROM RAM 
NO.1 NO.2 
1835 1835 

-- -.-
MRD MRD MRD 

-~ -- - ---
.-

CEO CEI CEO CS 

CS CS 

~~~CT SIGNAL 1 T 

"Daisy Chaining" with CEI inputs and CEO outputs is used to avoid memory conflicts between ROM and RAM in 
a user system. In the above configuration, if ROM #1 was masked-programmed for memory locations 0000-
3FF16 and ROM #2 masked-programmed for memory locations 0400-07FF16 for addresses from 0000-07FF16 
the RAM would be disabled and the ROM enabled. For locations above 07FF16 the ROM s would be disabled and 
RAM enabled. 
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SYSTEM INTERCONNECT 

CLEAR WAIT 

NO-N2, MRD 

TPB 
AD DR BUS ADDR BUS 

Q 
DATA 

TPA TPA 
CPU SCO, SC1 1/0 

1802A ---
RAM INTERRUPT 

MRD MRD CONTROL 
DMA-IN, DMA-OUT 

MWR 
CEO 

EF1 - EF4 

8 BI-DIRECTIONAL DATA BUS 

SIGNAL DESCRIPTION 

MA O-MA 7 - Under 1802A control the high order byte of a 16-bit memory address appears on the 
memory address lines, MA O-MA 7, first. Three bits required by the ROM Address Decodes 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. 

BUS O-BUS 7: These eight bi-directional three state data lines form a common bus with the 1802A 
microprocessor. 

ClK (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, 

CS 1, CS 2, MRD: Chip select and memory read (output enable) signals. The polarity of the CS 1 
and CS 2 signals are user mask programmable. 

CEO, CEI: Chip Enable Output (CEO) signal is high when either the chip is selected or CEI is high, 
CEO andCEI can be connected in daisy chain operation between several ROMs to control selection 
of RAM chips in a microprocessor system without additional components. 

ORDERING INFORMATION 

Contact Hughes for price and other information relating to ROMs, ROM order forms and instructions 
concerning means of data conveyance are available from Hughes Solid State Products or Hughes' 
representatives. 

Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 
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4096 x 8 Static ROM - 1837 

DESCRIPTION 

Hughes' 1837 is a static CMOS Mask Programmable Read Only Memory organized as 4096 x 8. 
No clocks are required. The 1837 responds to a 16 bit address time multiplexed on the eight 
address lines (MA 0 - MA 7). 

The most significant address lines are latched on chip by the Clock input's negative transition. 
This address may be decoded by mask option to allow the 1837 to operate in any 4096 byte area 
within the 65,636 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 memory systems. The CEI signal may be 
used as an additional control of the ROM selected output signal, CEO. Data is accessed from 
memory by decoding the Address inputs and enabled on the data bus by the two Chip Selects 
(CS 2 and CS 1), the Memory Read (MRD) and the upper address decode. 

The 1837 operates over a 4 -10.5 voltage range while the 1837C operates over a 4 - 6.5 
voltage range. The ROMs are available in a 24 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 CMOS Circuitry 

• Interfaces Directly with 1802A 
Microprocessor without Additional 
Components 

• Access Time 

MAO-7 8 

750ns Typical at VDD = 5V 
450ns Typical at VDD = 10V 

FUNCTIONAL DIAGRAM 

CS1====LL=L~>--_______ _ CS2 
CEI 

BUS 0-7 

CEO 
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• Single Voltage Supply 

• Low Quiescent and Operating Power 

• No Clocks Required 

• Chip Select and Address Location 
within 64K Memory Space, Optionally 
Programmable 

PIN CONFIGURATION 

MA 7 
1 • 

24 VDD 
MA 6 2 23 TPA 
MA 5 3 22 CEI 
MA4 4 21 CS 1 
MA 3 5 20 CS 2 
MA 2 6 19 MRD 

MA 1 7 18 CEO 
MA 0 8 17 BUS 7 

BUS 0 9 16 BUS 6 
BUS 1 10 15 BUS 5 
BUS 2 11 14 BUS 4 

VSS 12 13 BUS 3 



ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range (T A) 

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

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

1837 ......................... -0.5 to +13V 
1837C ........................ -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 

Supply Voltage Range (At T A = Full 
Package Temperature Range 

Recommended Input Voltage Range VSS VDD VSS VDD V 

Clock Pulse Width (TPA), tPAW 5 300 300 ns 
10 150 

Address Setup Time, tAS 5 300 300 ns 
10 150 

Address Hold Time, tAH 5 0 0 ns 
10 0 

ELECTRICAL CHARACTERISTICS at TA = + 25°C, VDD ± 5% except as noted_ 
~==I"""""'"~=-:-:=l 

STATIC 

Quiescent Device Current, IQ 5 50 50 IJA 
10 100 

Input Voltage Low Level, VIL 5 1.25 1.25 V 
10 3 

Input Voltage High Level, VIH 5 3.75 3.75 V 
10 7 

Output (Sink) Current, IOL 0.4 5 2.2 2.2 
mA 

0.4 10 4.4 

Output (Source) Current, IOH 4.5 5 -1.6 -1.6 mA 
9.5 10 -3.2 

Input Leakage Current 0 5 ±1 ±2 ±1 ±2 IJA 
IIL,IIH 0 10 ±1 ±12 

3 State Output Leakage 0,5 5 ±1 ±12 ±1 ±12 IJA 
Current, lOUT 0,10 10 ±1 ±2 
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ELECTRICAL CHARACTERISTICS Cont , 
LIMITS 

CONDITIONS 
1837 1837C 

CHARACTERISTICS 
Vo VDD Min. Typ. Max. Min. Typ. Max. 
(V) (V) 

DYNAMIC: t r, tf ~ 10 ns, CL ~ 50pF 

Power Supply Current, IDD - 5 - 4 - - 4 -
(Chip Selected 400 KHz) - 10 - 10 - - - -

CEO from Address Change, tCA - 5 - - 325 - - 325 
- 10 - - 200 - - -

Daisy Chain Delay, tlO - 5 - - 150 - - 150 
- 10 - - 100 - - -

Read Delay, tMRD - 5 - - 200 - - 200 
- 10 - - 100 - - -

Chip Select Delay, tcs - 5 - - 250 - - 250 
- 10 - - 125 - - -

Access Time from Chip - 5 - - 325 - - 325 
Select, tACS - 10 - - 175 - - -

Access Time from Address - 5 - 750 1000 - 750 1000 
Change, tAA - 10 - 450 600 - - -

TIMING DIAGRAM 
MA _______ XHIG~y~~DERX LOW ORDER BYTE 

~tAs-ltAH~tAAI 
CLOCK (TPA) ------1 'e,w ~ t::""~ 
cs~ ----~I----------

"eo I I ~ '"" r I 
I \~~I~I--------

I I 4tlob_1 --,--I --

DATA ::: ____ -.:H.::.IG::::H~IM.::..P.=.ED:::A:::.N:.:::C:.::.E __ tC_A __ f-__ tc_!_~ ..... J--V-A-Ll-D-DA-T-A--

OUTPUT ACTIVE 

CEI 

8 BIT BIDIRECTIONAL DATA BUS 

U ~t U 
~ TPA 

---~ 

--- ---
ADDR BUS ADDR BUS ADDR BUS --- ----

MWR. 

ROM ROM 
NUMBER 1 NUMBER 2 RAM 

1837 1837 

~ MRD MRD 
- - --- --.. ----

-
CEO --.. CEI cco CS 

CS CS 

~~~~CT SIGNAL I i 

H 1837 

UNITS 

mA 

ns 

ns 

ns 

ns 

ns 

ns 

"Daisy Chaining" with CEI inputs and CEO outputs is used to avoid memory conflicts between the ROM 
and RAM in the user's system. I n the above configuration, if ROM Number 1 was masked programmed 
for memory locations 0000-OFFF16; and the ROM Number 2 masked programmed for memory loca­
tions 1000-1 FFF16; for addresses from 0000-1 FFF16, the RAM would be disabled and the ROM enabled. 
For locations above 1 FFF16 the ROMs would be ROM disabled and the RAM enabled. 
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SYSTEM INTERCONNECT 

NO·N2, MRD 
TPB 

AD DR BUS ADDR BUS Q 
DATA 

TPA TPA 
CPU SC 0, SC 1 1/0 

RAM INTERRUPT 

MRD MRD CONTROL 
DMA1i'j DMA·OUT 

MWR 
CEO 

8 BIT BI·DIRECTIONAL DATA BUS 

SIGNAL DESCRIPTION 

MA 0 - MA 7: Under 1802A control, the high order byte of a 16 bit memory address appears first 
on the memory address lines (MA O-MA 7). Three bits required by the ROM Address Decodes 
are strobed into the internal address latches by the Clock (TPA) input. The low order byte of the 
16 bit address appears on the address lines after the termination of TPA. 

BUS 0 - BUS 7: These eight bi-directional three state data lines form a common bus with the 
1802A microprocessor. 

CLOCK (TPA): A timing signal from the 1802A microprocessor (trailing edge of TPA) is used to 
latch the high order byte of the 16 bit memory address. 

CS 1, CS 2, MRD: The Chip Select and Memory Read (output enable) signals. The polarity of the 
CS 1 and CS 2 signals are user mask programmable. 

CEO, CEI: Chip Enable Output (CEO) signal is high when either the chip is selected or CEI is 
high. CEO and CEI can be connected in a daisy chain operation between several ROMs to 
control the selection of RAM chips in a microprocessor system without additional components. 

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 a Hughes' Representative. 

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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2048 x 8 Static ROM - 23C16C 

DESCRIPTION 
Hughes' 23C16C is a CMOS Mask Programmable Read Only Memory organized as 2048 x 8. 
The ROM circuit is static and updates its outputs when any address changes. Two chip selects 
are included which are programmed for polarity with the same mask that programs the data 
pattern. 

When the chip is selected, the address present on lines MA O-MA 10 accesses data which is 
presented to the output sense amplifiers. The eight-bit output word is enabled onto the 
data lines by the chip select signals, which can be used for memory expansion. The 23C16C 
is a pin compatible replacement for the 2716 PROM. 

The 23C16C operates over a 4-6.5 voltage range. The ROM is supplied in a 24 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 CMOS Circuitry 
• No Clocks are Required 
• Compatible with 1802A Microprocessor 

at Maximum Speed 
• Access Time 

gOOns Typical at VDD = 5V 

FUNCTIONAL DIAGRAM 

cS1E~~~~~~ 
CS2----------------~L:~==~ 
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• Single Voltage Supply 
• Low Quiescent and Operating Power 
• Functional Replacement for Industry 

Standard Type 2716 (2048 x 8) PROM 

PIN CONFIGURATION 

MA 7 1- 24 VDD 
MA6 2 23 MA 8 

MA5 3 22 MA 9 

MA 4 4 21 NC 

MA 3 5 20 CS 1 

MA2 6 19 MA 10 

MA 1 7 18 CS 2 

MAO 8 17 BUS 7 

BUS 0 9 16 BUS 6 

BUS 1 10 15 BUS 5 

BUS 2 11 14 BUS 4 

VSS 12 13 BUS 3 



ABSOLUTE MAXIMUM RATINGS 
Storage Temperature Range (T stg) ..... - 65 to + 150DC . 
Operating Temperature Range (T A) 

Ceramic Package .................. -55 to + 125DC 
Plastic Package ................... - 40 to + 85 DC 

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

23C16C ..................... -0.5 to + 7V 

Supply Voltage Range (At T A = Full 
Package Temperature Range) 

Recommended Input Voltage 
Range 

NOTE: Operating the device above the "Ab­
solute Maximum Ratings" may cause perm a- : 
nent damage to the device. This is a stress I 

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 to 
absolute maximum rating conditions for ex­
tended periods may affect device reliability. 

4 6.5 v 

VSS VOO V 

ELECTRICAL CHARACTERISTICS at TA = 25°C, VOO = ±5% except as noted. 

STATIC 

Quiescent Oevice Current, IL 

Supply Current, 100 
(400KHz Addresses) 

Output Orive Current, 
N-Channel (Sink), ION 

P-Channel (Source), lOP 

Output Voltage 
Low Level, VOL 

Output Voltage 
High Level, VOH 

Input Low Voltage 
VIL 

Input High Voltage, VIH 

Input Leakage Current 
IIL,IIH 

3 State Output Leakage 
Current, lOUT 

0.5 

4.5 

0.5,4.5 

0.5,4.5 

o 

0.5 

DYNAMIC: t r, tf = 10 ns, CL = 50pF; RL = 200K () 

Access Time From Address 
Change, tAA 

Access Time From Chip 
Select, tAC 
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5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

50 IlA 

5.75 mA 

2 mA 

2 mA 

o 0.05 V 

4.95 5 V 

1.25 V 

3.75 V 

±1 ±1 iJA 

±1 ±2 jJA 

900 1200 ns 

330 425 ns 



TIMING DIAGRAM 

CS 

MA 

~---+------tAA ----------~ 

1-------- tAC -------1 

BUS-----------------------------< 
HIGH IMPEDANCE 

OUTPUTS 
ACTIVE 

H 23C16C 

VALID DATA 

~ INVALID OR DON'T CARE CONDITIONS 

FUNCTIONAL OPERATION 
This ROM is completely static (no clocks required). Decode of the input address selects a word from 
the storage array. The chip select signal enables the selected word to appear on the output bus line. 
Address rise and fall times should be less than 500 nsec. 

SYSTEM INTERCONNECT 

MA10 

MAg ADDRESS 
MA8 LATCH 

TPA CLEAR WAIT 

NO·N2, MRD 

DATA 

TPB 
ADDR BUS 

Q ------

TPA 
SCO, SC1 

RAM CPU INTERRUPT 1/0 

MRD MRD CONTROL 
------ D-Mj:;;:m, DMA·OOl' 

MWR 

EF1·EF4 

8 BIT BI·DIRECTIONAL DATA BUS 
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SIGNAL DESCRIPTION 
MAO-MA10: These address lines select a byte location. MA10 is the high order address 
bit. 

BUSO - BUS7: These eight three-state data lines form a common bus with the micro­
processor. 

CS1, CS2: These chip select signals are provided for memory expansion. Outputs are 
enabled when CS 1 and CS 2 are active. Polarity of CS 1 and CS 2 are user mask program­
mable. 

ORDERING INFORMATION 
Contact Hughes for price and other information relating to ROMs. ROM order forms and in­
structions concerning means of data conv'eyance are available from Hughes Solid State 
Products or Hughes' representatives. 

Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed 
by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes. 
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4096 x 8 Static ROM - 23C32C 

DESCRIPTION 

Hughes' 23C32C is a CMOS Mask Programmable Read Only Memory, organized as 4096 x 8. 
The ROM circuit is static and updates its outputs when any address changes. Two chip selects 
are included which are programmed for polarity with the same mask that programs the data 
pattern. 

When the chip is selected (CS 1 and CS 2 are activated) the address present on lines MA 0-
MA 11 accesses data which is presented to the output sense amplifiers. The 3-bit output 
word is enabled onto the data lines by the chip select signals, which can be used for 
memory expansion. The 23C32C is a pin compatible replacement for the 2732 PROM. 

The 23C32C operates over a 4-6.5 voltage range. The ROM is available in a 24 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 CMOS Circuitry 
• Functional Replacement for Industry 

Standard Type 2732 (4096 x 8) PROM 
• Compatible with 1802A Microprocessor 

at Maximum Speed 
• Access Time 

750ns Typical at VDD = 5V 

FUNCTIONAL DIAGRAM 

CS1*~==============:r==~~~ 
CS2*----------------~~~~~~ 

* ACTIVE STATE IS MASK PROGRAMMABLE 
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• Single Voltage Supply 
• Low Quiescent and Operating 

Power 
• Very Low Standby Power Mode­

Less than 10jJa, controlled by CS 1 

PIN CONFIGURATION 

MA 7 1- 24 

MA6 2 23 

MA5 3 22 

MA 4 4 21 

MA3 5 20 

MA 2 6 19 

MA 1 7 18 

MA 0 8 17 

BUS 0 9 16 

BUS 1 10 15 

BUS 2 11 14 

VSS 12 13 

VDD 

MA 8 
MA 9 

MA 11 
CS 1 

MA 10 

CS 2 

BUS 7 
BUS 6 

BUS 5 
BUS 4 

BUS 3 



ABSOLUTE MAXIMUM RATINGS 
Storage Temperature Range (Tstg) .... -65 to + 150°C 
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) 

23C32C ....................... - 0.5 to + 7V 

NOTE: Operating the device above the "Ab·1 
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 Range Unless Otherwise Specified 

Supply Voltage Range (At T A = 
Full Package Temperature Range) 

Recommended Input Voltage 
Range 

4 

VSS 

6.5 

VDD 

ELECTRICAL CHARACTERISTICS at TA = 25°C, VDD = +5% except as noted. -

1"'< ··i.i""'_~'i·j" __ ~,l;,!i"~ 
.. ' ..... ··.· .••• C9NDITI9N$: ........ •. ' •.•• ....• • ··iL1r.\ITS 

.. ? .•.• 'N-ooi 1 •...•. ·i·/<-.:';7"·_·.. .'C' ,~ ... ' '10 .............. ........ .............. 
...•. ······><i .......•..... ..••.. . ...•.•••. ........ (V) ('I) ···.··Min.! ...• ~ .•..... ' • .t Max. 
STATIC 

Quiescent Device Current, I L - 5 - 1 100 

Supply Current, IDD (400KHz - 5 - - 4 
Addresses) 

Output Drive Current: 0.5 5 2.2 - -

N-Channel (Sink), IDN 

P-Channel (Source), IDP 4.5 5 2 - -

Output Voltage - 5 - 0 0.05 
Low Level, VOL 

Output Voltage - 5 4.95 5 -

V 

V 

. ... 

UNITS 

IJA 

mA 

I 

mA 
Ii 

mA 
J' 

V I, 

I 

V 
High Level, VOH i 

Input Low Voltage 0.5,4.5 5 - - 1.25 V 
VIL 

I 

Input High Voltage, VIH 0.5.4.5 5 3.75 - - V 

Input Leakage Current, 0 5 - ±1 ±2 IJA I 

IIL,IIH 
I 

3 State Ouput Leakage 0, 5 5 - ±1 ±2 IJA I 
Current, lOUT I 

DYNAMIC: Ir, If = 10 ns, CL = 50pF; RL = 200K 0 I 

Access Time From Address 5 750 1000 
I - - ns 

Change, tAA I 
I 

Access Time From Chip - 5 - 330 425 
I 

ns 
Select, tAC I 

I 
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TIMING DIAGRAM 

CS 

MA 

I----!---- tAA 

~-----tAC----~ 

BUS----------------------------c 
HIGH IMPEDANCE 

OUTPUTS 
ACTIVE 

H 23C32C 

VALID DATA 

~ INVALID OR DON'T CARE CONDITIONS 

FUNCTIONAL OPERATION 

This ROM is completely static (no clocks required). Decode of the input address selects a word from 
the storage array. The chip select Signal enables the selected word to appear on the output bus line. 
Address rise and fall times should be less than 500nsec. 

TYPICAL SYSTEM INTERCONNECT 

MA 11 
MA10 CLEAR WAIT ADDRESS TPA 

LATCH 

NO·N2, MRD 
TPB 

AD DR BUS Q 
DATA 

SCO, SC1 

RAM CPU INTERRUPT 110 

MRD MRD 
DMATN, DMA-OUT ------

CONTROL 

MWR 
EF1-EF4 

8 BIT BI-DIRECTIONAL DATA BUS 
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SIGNAL DESCRIPTION 

MAO-MA11: Theseaddresslinesselectabytelocation.MA11 is the high order address 
bit. 

BUS 0 - BUS 7: These eight three-state data lines form a common bus with the 
microprocessor. 

CS1, CS2: These chip select signals are provided for memory expansion. Outputs are 
enabled when CS 1 and CS 2 are active. Polarity of CS 1 and CS 2 are user mask program­
mable. 

ORDERING INFORMATION 
Contact Hughes for price and other information relating to ROMs. ROM order forms and in­
structions concerning means of data conveyance are available from Hughes Solid State 
Products or Hughes' representatives. 

Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed 
by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes. 
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8192 x 8 Static ROM - HCMP 23C64C 

DESCRIPTION 

Hughes' 23C64C is a CMOS Mask Programmable Read Only Memory organized 8192 x 8. The 
ROM circuit is static and updates its outputs when any address changes. One chip select is 
included which is programmed for polarity with the same mask that programs the data 
pattern. 

When the chip is selected (CS is activated) the address present on lines MAO ...... MA12i:lc~ 
cesses data which is presented to the output sense amplifiers. The 8~bit outpuL)o"Jordis 
enabled onto the data lines by the chip select signal which can be used for memoryexpan­
sion. 

The 23C64C operates over a 4-6.5 voltage range. The R9Ms are. ayailableina 24 lead 
hermetic dual-in-line ceramic package (D suffix), pli:lsticpackage (psuffix) , cerdip (Y 
suffix) or lead less chip carrier (L suffix). Devices in chip forrn . .(Hsuffix:) are available upon 
request. 

FEATURES 

• Static CMOS Circuitry 
• Access Time 

300ns Typical at VDD = 5V 
• Compatible with Most Mic:roprocessof$ 

at Maximum Speed 

CS'~--------------------------~ 
ENABLE 

'ACTIVE STATE IS MASK PROGRAMMABLE 
"ADDRESS PLACEMENT IS USER SELECTABLE 

(MA 12 AND MA 11 ONLY). 
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• Sin.gleVoltage Supply 
• Low Quies9!'lntanctOpe~ating Power 

Standby- 9JLAtypica.1 
Operating - 3mA typical 

PIN CONFIGURATION 

1 • 24 VDD 

2 23 MA 8 
3 22 MA 9 

MA 4 4 21 MA 11/12*' 

MA 3 5 20 CS 
MA 2 6 19 MA 10 

MA 1 7 18 MA 12/11 *' 

MA 0 8 17 BUS 7 
BUS 0 9 16 BUS 6 

BUS 1 10 15 BUS 5 

BUS 2 11 14 BUS 4 
VSS 12 13 BUS 3 
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ABSOLUTE MAXIMUM RATINGS 
Stor(lge Temperature Range (T stg) ........ - 65 to + 150°C 
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) 

23C64C ............................... 0.5 to + 7V 

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 condi' 
tions above those indicated in the opera· 
tional sections of this specification is not 
implied. Exposure to absolute maximum 
rating conditions for extended periods may 
affect device reliability. 

OPERATING CONDITIONS at T A Full Package Range Unless Otherwise Specified 

Supply Voltage Range (At T A = Full 
Package Temperature Range) 

Recommended Input Voltage Range 

4 

VSS 

ELECTRICAL CHARACTERISTICS at T A = 25°C, VDD 

STATIC 

Quiescent Device Current, IL 
(Chip not selected) 5 

Supply Current, IO~ 
(400KHz Addresses 5 

Output Drive Current; 
N·Channel (Sink), ION 0.5 5 2.2 

P·Channel (Source), lOP 4.5 5 2.2 

Output Voltage 
Low Level, VOL 5 

Output Voltage 
High Level, VOH 5 4.95 

Input Low Voltage 
VIL 0.5,4.5 5 

Input High Voltage 
VIH 0.5,4.5 5 3.75 

Input Leakage Current 
IIL,IIH 0 5 

3 State Output Leakage Current 
lOUT 0,5 5 

DYNAMIC: tr tf = 10 ns, CL = 50pF; RL = 200K P. 

Access Time From Address Change 
tAA 5 

Access Time From Chip Select 
tAC 5 
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6.5 V 

V 

±5% except as noted. 

5 50 J.1A 

3 5 mA 

mA 

mA 

0 0.05 V 

5 V 

1.25 V 

V 

±1 ±2 IJA 

±1 ±2 J.1A 

300 325 ns 

100 125 ns 



TIMING DIAGRAM 

CS 

1+----+---- tAA -----I 
1+--------tAC------~ 

BUS----------------------------( 
HIGH IMPEDANCE 

OUTPUTS 
ACTIVE 

H23C64C 

VALID DATA 

~ INVALID OR DON'T CARE CONDITIONS 

FUNCTIONAL OPERATION 

This ROM is completely static (no clocks required). Decode of the input address selects a word from 
the storage array. The chip select signal enables the selected word to appear on the output bus line. 
Address rise and fall times should be less than 500 nsec. 

TYPICAL SYSTEM INTERCONNECT 

MA 12 

TPA CLEAR WAIT 

ADDR BUS 

RAM 

MRD 
,~r-------+------~----~ 

MWR 

CPU 
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NO·N2, MRD 
TPB 

Q 
DATA 

SCO, SC1 

INTERRUPT 1/0 
CONTROL 



SIGNAL DESCRIPTION 
MA 0 - MA 12: These address lines select a byte location. MA12 is the high order address 
bit. 

BUS 0 - BUS 7: These eight three-state data lines form a common bus with the micro­
processor. 

CS: This chip select signal is provided for memory expansion. Outputs are enabled when 
CS is active. Polarity of CS is user mask programmable. 

ORDERING INFORMATION 
Contact Hughes for prices and other information relating to ROMs. ROM order forms and 
instructions concerning means of data conveyance are available from Hughes Solid State 
Products or Hughes' Representatives. 

Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed 
by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes. 
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8192 x 8 Static ROM - 23C65 

DESCRIPTION 

Hughes' 23C65 is a CMOS Mask Programmable Read Only Memory organized 8192 x 8. The ROM 
circuit is static and updates its outputs when any address changes. One Chip Enable(CE) and one 
Output Enable (OE) are included and are programmed for polarity with the same mask that 
programs the data pattern. 

When the chip is selected (CE is activated) the address present on lines MA O-MA 12 accesses 
data which is presented to the output sense amplifiers. The 8-bit output word is enabled onto the 
data lines by the Output Enable signal (OE) which can be used for bus control. 

Hughes' 23C65 operates over a 4-6.5 voltage range. The ROMs are available in a 28 lead hermetic 
dual-in-line ceramic package (D suffix), plastic package (P suffix), cerdip If suffix) or leadless chip 
carrier (L suffix). Devices in chip form (H suffix) are available upon request. 

FEATURES 

• Static CMOS Circuitry • Standard Jedec Pinouts 

• Access Time From Address Change 
300 ns Typical at VDD = 5V 

• Compatible with Most Microprocessors'at 
Maximum Speed 

FUNCTIONAL DIAGRAM· 

MEMORY 
ARRAY 

CE*~==================~--~ 

• Single Voltage Supply 

• Low Quiescent and Operating Power 
Standby - 5 IJA typical (CE Disabled) 
Operating - 3mA typical 

PIN CONFIGURATION 

NC 1 • 28 
MA12 2 27 

MA 7 3 26 
MA6 4 25 
MA5 5 24 
MA4 6 23 

MA3 7 22 
MA2 8 21 
MA1 9 20 
MAO 10 19 
00 11 18 
01 12 17 
02 13 16 

ENABLE VSS 14 15 OE* ------------------------------~ 

·ACTIVE STATE IS MASK PROGRAMMABLE 
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VCC 
NC 
NC 
MA8 
MA9 
MA 11 
OE/OE 
MA10 
CE/CE 
07 
06 
05 
04 
03 



ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range (T A) 

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

OC Supply-Voltage Range (VOO) 
(All voltage values referenced to VSS terminal) 

23C65C ............................ 0.5 to + 7 Volts 
Storage Temperature Range (T stg) ...... -65 to + 150°C 

NO TE: Stresses above those I isted under" Absol ute 
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 or this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 

OPERATING CONDITIONS at TA = Full Package Range Unless Otherwise Specified 

Supply Voltage Range (At T A = Full 
Package Temperature Range) 

Recommended Input Voltage Range 

4 

VSS 

ELECTRICAL CHARACTERISTICS at TA = 25°C, VDD = ± 5% except as noted. 

. ..... .. ...... ...•.. • '.' CQNPITIQNS···· .......... ." ......•. 
LIMIT$ 

. ·CH~RAC,.~RI~"fIC$ ...... .Vp ...•..•.. . · .. ·VOO . ...... 

...•............... ........ ...... 
•••••• 

(VI (V) ...... . Min, Typ; 

STATIC 

Quiescent Oevice Current, IL - 5 - 5 
(Chip not selected) 

Supply Current, 100 - 5 - 3 
(400KHz Addresses) 

Output Orive Current; 0.5 5 2.2 -
N-Channel (Sink), ION 

P-Channel (Source), lOP 4.5 5 2.2 -

Output Voltage - 5 - 0 
Low Level, VOL 

Output Voltage - 5 4.95 5 
High Level, VOH 

Input Low Voltage 0.5,4.5 5 - -
VIL 

Input High Voltage 0.5,4.5 5 3.75 -
VIH 

Input Leakage Current 0 
IIL,IIH 

5 - :,:1 

3 State Output Leakage Current 0,5 
lOUT 

5 - :':1 

DYNAMIC: Ir• II = 10 ns. CL = 50pF; RL = 200KO 

Access Time From Address Change - 5 - 300 
tAA 

Access Time From Chip Enable - 5 - 350 
tACE 

Access Time From Output Enable - 5 - 100 
IAOE 
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6.5 V 

VOO V 

. .... . ............ .. 
..... 

•••• 

...... UNITS 

JM .. x . 

50 iJA 

5 mA 

- mA 

- mA 

0.05 V 

- V 

1.25 V 

- V 

:':2 iJA 

:':2 iJA 

450 ns 

500 ns 

125 ns 

l~. 
I 



TIMING DIAGRAM 

CE* 

f+---tAA----1 

1-----tACE-----l 

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

HIGH IMPEDANCE 
OUTPUTS 

ACTIVE 

H23C65C 

VALID DATA 

~ INACTIVE OR DON'T CARE CONDITIONS 

'Active state is mask programmable. 

FUNCTIONAL OPERATION 
This ROM is completely static (no clocks required). Decode of the input address selects a word from the storage 
array. The chip select signal enables the selected word to appear on the output bus line. Address rise and fall 
times should be less than 500 nsec. 

TYPICAL SYSTEM INTERCONNECT 

MA 12 
MA 11 
MA 10 ADDRESS 
MAg LATCH TIMING PULSE CLEAR WAIT 

ADDR BUS 

RAM 

MRD 
~-----+ - - - - --~----i 

MWR 

CPU 

8 BIT BI·DIRECTIONAL DATA BUS 
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NO-N2, MRD 
TPB 

Q 
DATA 

SCO, SC1 

INTERRUPT 1/0 
CONTROL 

i5MA-TN, DMA·OUT 

EF1-EF4 



SIGNAL DESCRIPTION 

MA O-MA 12: These address lines select a byte location. MA 12 is the high order address bit. 

BUS O-BUS 7: These eight three-state data lines form a common bus with the microprocessor. 

CE: This Chip Enable signal is provided for memory selection. All memory functions are enabled 
when CE is active. Polarity of CE is mask programmable. 

OE: This Output Enable signal is provided for bus control. Outputs are enabled when the chip is 
selected and OE is active. Polarity of OE is mask programmable. 

ORDERING INFORMATION: 

Contact Hughes for prices and other information relating to ROMs. ROM order forms and 
instructions concerning means of data conveyance are available from Hughes Solid State Products 
or Hughes' Representatives. 

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

Hughes' 1802A is an 8 bit register-oriented Central Processing Unit (CPU) designed for use as a 
general-purpose computing or control element in a wide range of stored program systems 
or products. The 1802A has a common bi-directional bus shared between all internal data, 
control, status and array registers. Accessing of memory is accomplished by time 
multiplexing a 16 bit address representing 65,536 locations into two sequentially transmit­
ted bytes (8 bits). The presence of the most significant address bits is signified by the TPA 
clock. The 16x16 array of registers may be selected by the P,X, and N register designators 
to represent a program counter, data pOinter and general pOinter register respectively. 
Switching of programs may be readily accomplished by manipulating the register 
designators. 

It has a flexible 1/0 interface including separate control signals (N O-N 2) and memory ac­
cess signals allowing direct memory data transfer with peripherals under CPU program 
control (through 1/0 instructions) or under peripheral control (DMA-IN and DMA-OUT 
signals). In addition to nonprogrammed Interrupt response, the CPU can monitor 4 flag in­
puts (EF1-EF4) from peripherals and set an output (Q) to the peripheral under program con­
trol. This may be used for serial data transfer or general control signals. State Codes (SCO­
SC1) are available to monitor the CPU internal states. 

The 1802A operates over a 4-10.5 voltage range while the 1802AC has a recommended 4-6.5 
volts. The CPUs are available in a 40 lead 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. 

Hughes' 1802BC (operating with 5 MHz Clock at 5V) is available for designs requiring higher 
system speed. 

FEATURES PIN CONFIGURATION 
• Instruction Cycle Time 2.5-3.75 ~s at 6.4 

{ CLOCK VDD 
MHz WAIT XTAL 

CONTROL CLEAR DMA IN • 8 Bit Parallel Data Organization I/O } Q DMA aOT 
Memory Addressing to 65,536 Bytes 

REOUESTS • STATE SC 1 INTERRUPT 

• On Chip Direct Memory Access CODES SCD MWR 
MRD TPA TIMING 

• 16x16 General Purpose Register Matrix BUS 7 TPB PULSES 

• Four Flag Inputs and One Program- BUS 6 MA7 
BUS 5 MA6 

mabie Output DATA BUS 4 MA5 
• Direct Memory to Peripheral Transfer BUS BUS 3 MA4 MEMORY 

on 1/0 Instructions 
BUS 2 MA3 ADDRESS 
BUS 1 MA2 

• T2L, NMOS and CMOS Compatible BUS 0 MA1 

• Optional On Chip Xtal Controlled vcc MAO 

{ 
N2 EF 1 

Oscillator 110 N1 EF2 I/O 
SELECT NO EF 3 FLAGS 

• Low Power Single Voltage Supply VSS I:F4 
• 91 Instructions 
• Schmitt Triggered Clear 
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ARCHITECTURAL ORGANIZATION 

N,X,P Registers - These three registers provide a 4 bit binary number which designates (selects) one 
of the registers in the register array to provide an address to memory. In addition, the N register holds 
device selection codes for input/output operations, and acts as a buffer for the lower 4 bits of the op­
code. 

Q-Flip Flop - This internal flip flop can be set or reset by instruction and can be sensed by condi­
tional branch instructions. Q can also be used as a microprocessor output control. 

Register Array - These 16 registers of 16 bit word size can be used to provide three separate functions: 
as program counters, as data pointers or as a scratch pad buffer. Each array register designated by N, 
X, or P provides a 16 bit memory address latched by the A register and multiplexed 8 bits at a time onto 7 

the memory address lines. 

• Program Counter - Any register may be used as the main program counter or as a subroutine pro­
gram counter. This is determined by the user by setting the P register (4 bits) to point to any of the 
16 array registers. When interrupts are serviced R(1) is used as the interrupt service routine pro­
gram counter. 

• Data Pointers - Any array register may be selected by the N and X registers to provide the ad­
dress of a data word location in memory. The N register selects an array register to provide ad­
dresses for several Load D from memory and Store D (accumulator) to memory instructions. The X 
register can also select array registers to provide addresses of memory data used in ALU opera­
tions and Input/Output operations, and additional Load from Memory and Store to Memory in­
structions with the D register. 

• Data Register - The N register also selects an array register location to act as a scratch pad buf­
fer for data exchange with the D register. Data is transferred by a set of four instructions which 
select the high order byte R(N).1, or the low order byte R(N).O. Additionally an array register may be 
incremented or decremented for usage as loop counters. 

INTERFACE MODES -
There are three modes of peripheral data transfer in the 1802A. These are programmed I/O, Interrupt 
Servicing, and Direct Memory Access . 

• Programmed 110 - The 1802A provides a direct memory to peripheral device interface. The N O-N 2 
lines select a peripheral device while the memory address lines access a memory location. On In­
put instructions the peripheral data is read into the D register and memory simultaneously. On I 

Output instructions the memory data is sent directly to the peripheral device. The EF flags and Q ' 
output can be used as additional programmable controls or as a serial data transfer path . 

• Interrupt Servicing - Upon the completion of an instruction, a non-masked (enabled) interrupt re- I 

quest will be acknowledged by the 1802A. This results in the saving of the present X and P register 
values in the T register, resetting the Interrupt Enable flip flop, and setting of X to point to Register 
2 and P to Register 1. At the end of an Interrupt routine, a Return instruction restores old values of 
X and P and allows reactivation of the Interrupt Enable flip flop. 

• Direct Memory Access - The DMA mode is entered at the end of the execute machine cycle in the 
currently held instruction. This is a special extension of programmed input/output. When a DMA-In 
or DMA-Out request is activated, array register R(O) provides the location in memory for data 
transfer. On each byte transfer R(O) is incremented. The DMA mode can also be used to initially 
load memory after Reset and eliminates the requirement for specialized !'bootstrap" load pro­
grams. 
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FUNCTIONAL DIAGRAM 1-1 1802A/1802B 

:1-01 
o 

MEMORY ADDRESS LINES CONTROL 1/0 FLAGS 1/0 REQUESTS STATE 
_ A. _ _ A _ CODES 
~ ~ ~ ~~--------------

MA 1 MA3 MA5 MA? WAIT EF 1 EF3 DMA DMA 
MAO I MA2 I MA41 MA6 I CLEAR IXTALCLOCKI EF21 EF4 IN [NTERRUPTOUTSCO SCi 

@ @@@@@®@ @0® (i)@@@®>@ @ ® ® ® 
• • • .t •• j i t t t tttttt t t • 

I 
MUX I ~ =rn-

CONTROL LOGIC --@TPA 

--@TPB 

(8) (8) 
--@MWR 

(16) I 
--0 MRD 

• 
I A(16) 

-@N2 I It N 
_@)N1 

(4) _@)NO 
R(O).1 R(O).O REGISTER 

R(1).1 R(1).O 
ARRAY h-rrh 

v -v 
IINCR/I R(2).1 R(2).O 

DECR 
: , 

I /.L 

...... R(9).1 R(9).O (4) V" 16) 
R(A).1 R(A).O 

: : 
P A. 

RECTIONAL 
R(E).1 R(E).O (4) v 

ATA BUS R(F).1 R(F).O l BUS-O OF (1) I -A 

® J T ~ 

BUS-1 
(8) (8) (8) --v 

@ 
-" 

r 
BUS-2 0 @ 

-v 
ALU VCC (8) ~ 

BUS-3 X ~ VDD @ 
v-

$ fit 
(4) 

BUS-4 VSS 
@ 

BUS-5 
@) 

BUS-6 
® 

BUS-? 
® 

1802A REGISTER SUMMARY 

NO. OF 
, 

REG. BITS DESCRIPTION 

D 8 DATA REGISTER (ACCUMULATOR) 
DF 1 DATA FLAG (ALU CARRY/BORROW) 
R 16 1 OF 16 SCRATCH PAD REGISTER 
P 4 DESIGNATES WHICH REGISTER IS PROGRAM COUNTER 
X 4 DESIGNATES WHICH REGISTER IS DATA OR STACK POINTER 
N 4 HOLDS LOW ORDER INSTRUCTION DIGITIDESIGNATES DATA PTA 
I 4 HOLDS HIGH ORDER (OP CODE) INSTRUCTION DIGIT 
T 8 HOLDS OLD X, P VALUES AFTER INTERRUPT (X IS HIGH BYTE) 
IE 1 INTERRUPT ENABLE FLIP FLOP 
Q 1 OUTPUT FLIP FLOP 
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ABSOLUTE MAXIMUM RATINGS 
DC SUPPLY·VOLTAGE RANGE (VCC, VDD) 

(All voltage values referenced to VSS terminal) 
VCC ::::VDD: 

NOTE: Operating the device above the 
"Absolute Maximum Ratings" may 
cause permanent damage to the 
device. This is a stress rating only and 

1802A ................................... -0.5 to + 11V functional operation of the device at 
1802AC/1802BC . .......................... - 0.5 to + 7V these or any other conditions above 

IN PUT VOLTAGE RANGE, ALL INPUTS ....................... - 0.5 to VDD + 0.5V those indicated in the operational sec· 
DC INPUT CURRENT, ANY ONE INPUT ....................... ± 10mA tions of this specification is not im· 
OPERATING TEMPERATURE RANGE (T A) CERAMIC PACKAGE .. - 55 to + 125°C plied. Exposure to absolute maximum 

PLASTIC PACKAGE ... -40to + 85°C rating conditions for extended 
STORAGE TEMPERATURE RANGE (Tstg) ..................... -65 to + 150°C periods may affect device reliability. 

STATIC ELECTRICAL CHARACTERISTICS AT TA = -40 to +85°C, except as noted. 

..•........•. · •..•. ···•·.··.·· ••• · ••. ··....:L.' .. t;r·· .. ··.···· •. ·. ·.·· .. l"V"''?HIVrt,r ... ·•·······.·. , ••........•• ,' .. ·<.··.LIJlljITS:A • ....... Tr;M~E.ftA~p.....""r ... ·· .... ···•···.·•·•····•·.········ .......•.......••.......•....•...... ' ••.. < .... 

. ··.··· .•.. · .. ·.·.i·.<li~....I;;.:Li~cQ ..••.•••• ·.·.·•· •.... i802A ....••.....•• ··.··· .. ····1."··.···1 .. 8.02 .... A ... c ......•.....•....•.........•........ "; ..................... L.i ..•..... '. 1.8 .... 0 .. 2 .. B .... ii ............•...••.......•• '...... . .•..•.•... . ~\.. ·····I~?1.1I.!t(:.YOD .•.•....•.••...••..•.•............••...•..•.•.•••.••.•.....•.•...•..•....••................. , I·· .• ·· ..•......•...•.. ~>........... L.. ··.L:;-~········,'."' •.. ' .. '.'.' .• ·.-, ..... ""'" 
r-U"ftA II".. IjV).ltVr.(V) •. ··[Miq.Typ.* I·MlliMln. Typ.· ••.. ····Ma.l[. Min.typ.··Max;UNITS····· 
Quiescent Device 

Current, IL Max. 

Output Low Drive 
(Sink) Current, 
IOL Min 
(Except Xtal) 

XtalOutput 
IOL Min. 

0.4 

0.5 

0.4 

0,5 

0,10 

5 

5 0.01 

10 

5 1.2 2.5 

10 24 4.4 

5 200 360 

Output High Drive 4.6 0,5 5 ·0.40 ·0.80 

100 

400 

0.02 400 0.02 400 
Il A 

1.2 2.5 1.2 2.5 
mA 

200 360 200 360 

·0.40 ·0.80 -0.40 -0.80 
mA (Source Current) 

IOH Min. (EXcept~)I~~9~.5~~0~.1~0~~1~0~~.~~~60~~-~1.=2~~-~~~-~~~-~~_-~~~-~~~-~~_-~~~~~ 
XtalOutput 4.6 0 5 -100 -260 
IOH Min. 

Output Voltage 
Low Level 
VOL Max. 

Output Voltage 
High Level, 
VOH Min. 

Input Low Voltage 
VIL Max. 

Input High Voltage 
VIH Min. 

Clear I nput Voltage 
VH 

Input Leakage 
Current. 
liN Max. 

3-State Output 
Leakage Current, 
lOUT Max. 

Minimum Data 
Retention 
Voltage. VDR 

Data Retention 
Current, IDR 

Effective Input 
Capacitance, CIN 
Any Input 

Effective 3·State 
Terminal Capaci· 
tance Data Bus 

0,5 

0.10 

0,5 

0,10 

0.5.4.5 

0.5,4.5 

1.9 

0.5,4.5 -

0.5,4.5 -

1.9 

Any 
Input 

0.5 

0,10 

0,5 

0,10 

0,5 

0, 10 

VDD ~ 2.4V 

5 

10 

5 

10 

5 

5, 10 

10 

5 

5,10 

10 

5 

5, 10 

10 

5 

10 

5 

10 

'Typical Values are for T A ~ 25° C and Nominal VDD 

o 
o 

4.9 5 

9.9 10 

-
3.5 

4 

7 

0.4 0.5 

0.3 0.4 

1.5 2 

2 

0.1 

5 

10 

150 

-100 -260 -100 -260 

0.1 o 0.1 o 0.1 

0.1 

V 
4.9 5 4.9 5 

1.5 1.5 1.5 

3 

3.5 3.5 
V 

4 4 

0.4 0.5 0.4 0.5 

V 

+1 +1 +1 

+1 

+1 +1 +1 

±1 

2.4 2 2.4 2 2.4 V 

0.5 5 0.5 5 

7.5 5 7.5 5 7.5 pF 

15 10 15 10 15 pF 

I' 



RECOMMENDED OPERATION CONDITIONS at TA 

H 1802AJ18028 

-40° to +85°C Unless Otherwise Specified 

CONDITIONS LIMITS 

CHARACTERISTICS VCC1 Voo H1802A H1802AC H1802BC 
UNITS 

(V) (V) 

Supply-Voltage Range - - 4 to 10.5 4 to 6.5 4 to 6.5 V 

Input Voltage Range - - Vss to VDD Vss to VDD Vss to VDD V 

Maximum Clock Input Rise or 4-10.5 4-10.5 1 1 1 lis Fall Time, tr or tf 

Minimum 5 5 5 5 3.2 

Instruction Time2 5 10 4 - - liS 

(See Fig. 6) 10 10 2.5 - -

5 5 400 400 625 

Maximum DMA Transfer Rate 5 10 500 - - KBytes/sec 

10 10 800 - -

5 5 DC -3.2 DC - 3.2 DC - 5.0 

Maximum Clock Input Frequency, 5 10 DC-4 - - MHz 

fCL3 10 10 DC - 6.4 - -

NOTES: 
1. VCC .:;; VDD; for 1802AC VDD = VCC = 5 volts. 
2. Equals 2 machine cycles - one Fetch and one Execute operation for all instructions except long Branch and long Skip, which require 

3 machine cycles - one Fetch and two Execute operations. 
3. load Capacitance (Cl) = 50 pF. 

NOTES: 

CLOCK 

TPA 

MEMORY TIMING 

DATA BUS 

STATE CODE TIMING 

_t"PHcf_ so tPHLl-1 S1 l~tPHLE 
s~~~~ ~~~~s t~,-____________ -_"';'':;:PL;:;HJI'-''';Ic-__ --i-_______ I:.-......;;tP""LH~. 

110 TIMING 

NO·N2 LINES' 

Q LlNE2 

EF1·EF43 

OMA REQUEsr4 

INTERRUPT REQUEST 

I I I 

t~LHr __ I,"" __ -;-_-::-=== __ I:-~ 
--i FIN BITS VALID L 

I 

I SAMPLED BY CPU 

//////////////V /Z//ZZI////V/Z/AtSUftHf7777) 

This timing diagram is used to show signal relationship only. All measurements are referenced to 50% pOint of the wave forms. Shaded areas 
indicate "Don't Care" on Inputs or Undefined State on Outputs. Sample or setting action at clock is designated by an arrow. 

1. The NO-N2 bits are valid during the S1 cycle of Input or Output instructions only (61-67 and 69-6F) 

2. The a line is set or reset during the S 1 cycle of the SEa or REO instructions 

3. The flag inputs (EF1-EF4) are sampled during an S1 cycle 

4. The DMA and Interrupt inputs are sampled during cycles S 1, S2 or S3. The priority on concurrent signal inputs are (i) DMA-In (ii) DMA-Out 
and (iii) Interrupt. 

Figure -1 General Timing Diagram 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD ± 5%, except as noted. 

Propagation Delay Time, tpLH, tPHL 5 5 200 350 
Clock to TPA, TPB 5 10 150 250 ns 

10 10 100 150 

5 5 575 850 
Clock-to-Memory High Address Byte 5 10 350 600 ns 

10 10 240 400 

5 5 220 350 
Clock-to-Memory Low Address Byte 5 10 150 250 ns 

10 10 100 150 

5 5 220 350 
Clock to MRD, tpLH, tpHL 5 10 150 250 ns 

10 10 100 150 

5 5 190 300 
Clock to MWR, tpLH, tpHL 5 10 150 250 ns 

10 10 75 150 

5 5 310 450 
Clock (CPU Data to Bus) 5 10 250 350 ns 

10 10 150 200 

5 5 290 450 
Clock to State Code 5 10 250 350 ns 

10 10 130 250 

5 5 250 400 
Clock to Q 5 10 150 250 ns 

10 10 115 175 

5 5 280 550 
Clock to N (0-2), tpLH, tpHL 5 10 200 350 ns 

10 10 130 250 

TIMING SPECIFICATIONS as a function of T (T = l1f Clock) at TA = - 40 to +85°C 
~~~~~~~"'" 

High Order Memory Address Byte 
Setup to TPA ~ Time 

tsu 10 
ns 

1802B 5 

High Order Memory Address Byte 5 5 T/2-15 
Hold after TPA Time tH 5 10 T/2-25 ns 

10 10 T/2+0 

Low Order Memory Address Byte 5 5 T-30 T +0 
Hold after WR Time tH 5 10 T-20 T+O ns 

10 10 T-10 T+O 

CPU Data to Bus Hold 5 5 T-200 T-150 
after WR Time tH 5 10 T-150 T-100 ns 

10 10 T-100 T-50 

Required Memory Access Time 5 5 5T-350 5T-220 
Address to Data tACC 5 10 5T-250 5T-150 ns 

10 10 5T-150 5T-100 

'Typical values are for T A =25°C and nominal VDD 
"Minimum value for 1802B tsu is measured at +25°C. 

2T-350 ns insures 50 ns set-up at F = 5 MHz. 
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H 1802A/1802B 

DYNAMIC ELECTRICAL CHARACTERISTICS (Cont'd) 

VCC VOO 
LIMITS 

UNITS 
CHARACTERISTICS (V) (V) Mln.1 Typ.2 Max. 

Minimum Set Up and Hold Times, tsu tH 5 5 0 -20 
Data Input Set Up , 5 10 0 -15 

10 10 0 -10 

5 5 200 150 
Data Input Hold 5 10 125 100 

10 10 100 75 

5 5 30 0 
DMA Set Up 5 10 20 0 

10 10 10 0 

5 5 250 150 
DMA Hold 5 10 200 100 

10 10 125 75 

5 5 0 -75 
Interrupt Set Up 5 10 0 -50 

10 10 0 -25 

5 5 160 100 
Interrupt Hold 5 10 100 75 

10 10 80 50 

5 5 0 -15 
Wait Set Up 5 10 0 -25 

10 10 0 - 5 

5 5 0 -50 
EF1-4 Set Up 5 10 0 -30 

10 10 0 -20 

5 5 200 100 
EF1-4 Hold 5 10 150 75 

10 10 100 50 
Minimum Pulse Width, 5 5 300 100 

5 10 200 75 
Clear Pulse Width, tWL 10 10 150 50 

5 5 175 100 
Clock Pulse Width, tWL 5 10 125 75 

10 10 75 50 

Typical Total Power Dissipation 5 5 - 7_5 
f=2_0 MHz 

Idle "00" at M (0000), 10 10 - 70 
CL = 50 pF f=4_0 MHz 

NOTE: 
1_ Typical values are for T A = 25°C and nominal VDD 
2_ Minimum characteristics are the values above which all devices function, Le., data hold at 5 volts 

requires 200 msec_ minimum to function over the temperature range but only 150 msec. at + 25°C. 

153 

-
- ns 
-
-

- ns 
-
-
- ns 
-

-
- ns 
-
-
- ns 
-
-
- ns 
-
-
- ns 
-
-
- ns 
-

-
- ns 
-
-
- ns 
-

-
- ns 
-

-

mW 
-



INSTRUCTION SUMMARY 

In all registers bits are numbered from least significant bit (LSB) to most significant bit (MSB) starting 
with O. 

R(W) 

R(W).O 

R(W).1 

NO 
M(R(W)) 

Indicates an array register designated by the W register where W 
X = 3, array reg. R(3) addresses memory data. 
Low order byte contents of R(W) 

High order byte contents of R(W) 

Least significant bit of N register 
Contents of Memory addressed by selected array register 
Operation Notation: M(R(N))-D; R(N) + 1 

N,X, orP. Example if 

This is interpreted as the memory byte addressed by the array register 
R(N) is loaded into the D reg., and the contents of R(N) are incremented by 1. 

':,',"',':,"':":':',' 

'~~~O"~IP~"··· . 
REGISTER OPERATIONS 
1N 
2N 
60 
8N 

AN 

9N 

BN 

INC 
DEC 
IRX 

GLO 

PLO 

GHI 

PHI 

2 

2 

MEMORY REFERENCE OPERATIONS 

INCREMENT REGISTER N 
DECREMENT REGISTER N 
INCREMENT REGISTER X 
GET LOW REGISTER N 

PUT LOW REGISTER N 

GET HIGH REGISTER N 

PUT HIGH REGISTER N 

R(N)+1. The register selected by the hex digit in N is incremented by 1. 
R(N)-1. The register selected by the hex digit in N is decremented by 1. 
R(X)+1. The register selected by the hex digit in X is incremented by 1. 
R(N).O_D. The low order byte of the register selected by N replaces the 
byte in the D register. 
D-R(N).O. The byte contained in the D register replaces the low order 
byte of the register selected by N. D is not changed. 
R(N).1-D. The high order byte of the register selected by N replaces the 
byte in the D register. 
D_R(N).1. The byte contained in the D register replaces the high order 
byte of the register selected by N. D is unchanged. 

ON LDN LOAD VIA N M(R(N))_D; N fO. The memory byte addressed by the contents of the 
reg. selected by N, R(N), replaces the byte in the D reg. Memory is un· 
changed. 

4N LDA 

FO LDX 

72 LDXA 

F8 LDI 
<B2) 

5N STR 

73 STXD 

LOGIC OPERATIONS 
F1 OR 

F9 ORI 2 
(B2) 

F3 XOR 

FB XRI 2 
(S2) 

F2 AND 

FA ANI 
<B2) 

<B2) ~ 2nd byte of instruction. 

2 

2 

LOAD VIA N AND ADVANCE 

LOAD VIA X 

LOAD VIA X AND ADVANCE 

LOAD IMMEDIATE 

STORE VIA N 

STORE VIA X AND DECREMENT 

OR MEMORY WITH D 

OR IMMEDIATE WITH D 

EXCLUSIVE OR 

EXCLUSIVE OR IMMEDIATE 

AND MEMORY WITH D 

AND IMMEDIATE WITH D 

M(R(N))-o; R(N)+1. The memory byte addressed by R(N) replaces the 
byte in the D reg. The memory address, R(N), is incremented. Memory is 
unchanged. 
M(R(X))_D. The memory byte addressed by the contents of the reg. 
selected by X, R(X), replaces the byte in the D reg. Memory is unchanged. 
M(R(X))_D; R(X)+1. The memory byte addressed by R(X) replaces the 
byte in the D reg. The memory address, R(X), is incremented. Memory is 
unchanged. 
M(R(P))_D; R(P)+1. The memory byte following the F8 instruction 
replaces the byte in the D reg. The program counter R(P) is incremented 
to point to the next instruction. 
0- M (R(N)). The byte in the D reg. replaces the memory byte addressed 
by the contents of the reg. selected by X, R(X). D is unchanged. 
D_M(R(X)); R(X) -1. The byte in the D reg. replaces the memory byte ad· 
dressed by R(X). The memory address, R(X), is decremented. D is un· 
changed. 

M(R(X)) OR o-D. The 8 bit contents of the D reg. are logically ORed 
with the contents of the memory byte addressed by R(X). 
M(R(P)) OR D-D; R(P)+1. The 8 bit contents of the D reg. are logical· 
Iy ORed with the memory byte following the F9 instruction. R(P) is in· 
cremented to point to the next instruction. 
M(R(X)) XOR D_D. The 8 bit contents of the D reg. are logically XORed 
with the memory byte addressed by R(X). 
M(R(P)) XOR D_D; R(P)+1. The 8 bit contents of the D reg. are 
logically XORed with the memory byte following the F8 instruction. R(P) 
is incremented to pOint,to the next instruction. 
M(R(X)) AND D_D. The 8 bit contents of the D reg. are logically ANDed 
with the memory byte addressed by R(X). 
M(R(P)) AND D_D; R(P)+1. The 8 bit contents of the D reg. are 
logically ANDed with the memory byte following the FA instruction. R(P) 
is incremented to point to the next instruction. 
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The DF flip flop can only be altered by arithmetic and shift operations. H 1802A/1802B 
After an add instruction, DF ~ 1 denotes a carry has occurred. 
After a subtraction instruction, DF ~O denotes a borrow. D is in Two's compliment form. 

The syntax - "(NOT DF)" denotes the subtraction of the borrow. 

INSTRUCTION SUMMARY (Continued) 

NO. 
OP. MNEM - OF MAcH. 

CODE ONIC BYTES CYCLES INSTRUCTION DESCRIPTION OF OPERATION 

F6 SHR 

76 SHRC 
RSHR 

FE SHL 

7E SHLC 
RSHL 

ARITHMETIC OPERATION 

F4 ADD 

FC ADI 
(82) 

74 ADC 

7C ADCI 
(B2) 

F7 SM 

FF SMI 
(B2) 

77 5MB 

7F 5MBI 
(B2) 

F5 SD 

FD SDI 
(B2) 

75 SDB 

7D SDBI 
(B2) 

BRANCH OPERATIONS 
30 BR 

(B2> 
38 NBR 

32 BZ 
(B2) 

3A BNZ 
(B2> 

33 BDF 
(B2) 

3B BNF 
(B2) 

31 BO 
(B2) 

39 BNO 
(B2) 

34 Bl 
(B2) 
3C BNI 

(B2) 
35 B2 

(B2) 

2 

2 

2 

2 

SHIFT D RIGHT 

SHIFT D RIGHT WITH CARRY 
RING SHIFT RIGHT 

SHIFT D LEFT 

SHIFT D LEFT WITH CARRY 
RING SHIFT LEFT 

ADD MEMORY WITH D 

ADD IMMEDIATE WITH D 

ADD MEM. WITH CARRY 

ADD IMMED. WITH CARRY 

SHIFT D RIGHT; LSB(D)_DF, O-MSB(D). The 8 bits in D reg. are 
shifted one bit position to the right. The original LSB of D reg. is placed 
in DF. A "0" is placed in the MSB of D. 
SHIFT D RIGHT; LSB(D)_DF, DF -MSB(D). The 8 bits in D are shifted 
one bit position to the right. The original LSB of D is placed in DF. The 
original content of DF is placed in MSB of D. 
SHIFT D LEFT; MSB(D)_DF, O-LSB(D). The 8 bits in D are shifted one 
bit position to the left. The original MSB of D is placed in DF, A "0" is 
placed in the LSB of D. 
SHIFT D LEFT; MSB(D)_DF, DF_LSB(D). The 8 bits in D are shifted 
one bit pOSition to the left. The original MSB of D is placed in DF. The 
original content of DF is placed in LSB of D. 

M(R(X))+D_DF,D. The memory byte addressed by R(X) is added to the 
contents of the 0 reg. DF receives any carry generated from the addition. 
M(R(P))+D_DF,D. R(P)+I. The memory byte following the FC instruc· 
tion is added to the 0 reg. OF receives any carry. R(P) is incremented to 
point to the next instruction. 
M(R(X))+D+DF-DF,D. The memory byte addressed by R(X) plus the con· 
tent of OF are added to the 0 reg. OF receives any carry generated from 
the addition. 
M(R(P))+D+DF_DF,D; R(P)+I. The memory byte following the 7C in· 
struction plus DF are added to the Dreg. DF receives any carry. (R(P) 
points to the next instruction. 

SUBTRACT MEM FROM D D - M (R(X))-DF,D. The memory byte addressed by R(X) is subtracted 
(2's Compliment) from the D reg. Any resulting carry is stored in DF (DF ~O indicates a bor· 

row). 
SUBTRACT MEM.IMMED. FROM D D-M (R(P))-DF,D; R(P)+I. The memory byte following the FF instruc· 
(2's Compliment) tion is subtracted from the D reg. Any carry is stored in DF. R(P) pOints to 

the next instruction. 
2 SUBTRACT MEMORY WITH D-M (R(X))-(NOT DF)_DF,D. The memory byte addressed by R(X) plus 

BORROW (l's Compliment +DF) the borrow indicator, OF, is subtracted from the D reg. Any resulting 
carry is stored in OF. 

SUB. MEM. IMMED. WITH BOR· D-M(R(P))-NOT DF)-oF,D; R(P)+I. The memory byte following the 
ROW (1 's Compliment + DF) 7F instruction plus OF is subtracted from the D reg. Any carry is stored 

in DF. R(P) pOints to next instruction. 
SUBTRACT D FROM MEMORY M(R(X))- D_DF,D. The 8 bit contents of the D reg. are subtracted from 
(2's Compliment) the memory byte addressed by R(X). DF receives any carry. Memory is un· 

changed. 
SUB D FROM IMMEDIATE M(R(P))-D_DF,D; R(P)+I. The contents of the D reg. are subtracted 
(2'8 Compliment) from the memory byte following the FD instruction. OF receives any 

carry. R(P) pOints to the next instruction. 
SUB D WITH BORROW M(R(X))-D-(NOT DF)_DF,D. The contents of the D reg. plus OF are 
(l's Compliment +DF) subtracted from the memory byte addressed by R(X). DF receives any 

carry. Memory is unchanged. _ 
2 SUB D WITH BORROW, IMMED. M(R(P))-D-(NOT DF)--DF,D; R(P)+I. The D reg. plus DF are subtracted 

(l's Compliment +DF) from the memory byte following the 7D instruction. DF receives any 
carry (R(P) pOints to the next instruction. 

UNCONDITIONAL BRANCH M(R(P))_R(P)·O. The byte following the 30 instruction always replaces 
the low order byte of the program counter R(P). 

2 NO SHORT BRANCH R(P)+I. The byte following the 38 instruction is always skipped. This in­
struction may also be considered a SHORT SKIP. 

SHORT BRANCH IF D~O IF D~O, M(R(P))_R(P)-O; ELSE R(P)+I. If each bit of the D reg. is "0" 
the byte following the 32 instruction replaces the low order byte of the 
program counter R(P). If D+O, R(P) is incremented to point to the follow­
ing instr. 

SHORT BRANCH IF D 40 IF DtO, M(RIP)) - R(P)-O; ELSE RIP) + 1. If any bit of the D reg. is "1" the 
immediate byte replaces the low order byte of R(P). If D~O, R(P) points to 
the following instruction. All short branches below are similar in operation. 

SHORT BRANCH IF DF~1 IF DF~I, M(R(P))_R(P)-O; ELSE R(P)+I. This instruction may also be 
called a short branch if pas or zero (BPZ) or short branch if greater or 
equal (BGE). 

SHORT BRANCH IF DF~O IF DF~O, M(R(P))_R(P)-O; ELSE R(P)+I. This instruction may also be 
called a short branch if minus (BM) or short branch if less (BL). 

SHORT BRANCH IF O~1 IF O~I, M(R(P)) _R(P)-O; ELSE R(P)+I. 

SHORT BRANCH IF O~O 

SHORT BRANCH IF EFI ~1 

SHORT BRANCH IF EFI ~O 

SHORT BRANCH IF EF2~1 

IF O~O, M(R(P))_R(P)-O; ELSE R(P)+I. 

IF EF1~1, M(R(P))_R(P)-O; ELSE R(P)+I. 

IF EFI ~O, M(R(P)) __ R(P)-O; ELSE R(P)+I. 

IF EF2~1, M(R(P))-R(P)-O; ELSE R(P)+I. 

Instruction is associated with more than one mnemonics. 
<82) ~ 2nd byte of instruction. 
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All instructions require two machine cycles except Long Branches and Long Skips which take three machine cycles. 
Each machine cycle = 8 external clocks, i.e. @ 6.4 MHz, cycle = 1.25I-1s. 

EF=1, if EF input = 0 (GND). 

INSTRUCTION SUMMARY (Continued) 

3D 
(B2)1 

BN2 2 SHORT BRANCH IF EF2~a 

36 
<B2)1 

B3, SHORT BRANCH IF EF3~1 

3E 
<B2)1 

BN3, SHORT BRANCH IF EF3~a 

37 
<B2)1 

B4, SHORT BRANCH IF EF4~ 1 

3F 
<B2)1 

BN4, SHORT BRANCH IF EF4~a 

CO LBR UNCONDITIONAL LONG 
<B2> 1 (83) BRANCH 

cs2 NLBR NO LONG BRANCH 

C2 LBZ LONG BRANCH IF D~a 
<B2)1 (B3) 

CA LBNZ 3 LONG BRANCH IF 0 i a 
(B2) 1 <B3) 
C3 LBDF 3 LONG BRANCH IF OF ~ 1 

(B2)1 <B3) 
CB LBNF 3 LONG BRANCH IF OF ~a 

<B2)1 (B3) 
C1 LBQ LONG BRANCH IF Q~1 

(82) 1 <B3) 
C9 LBNQ 3 LONG BRANCH IF Q~a 

(B22 1 (B3> 
3S2 SKP SHORT SKIP 

cs2 LSKP 3 LONG SKIP 

CE LSZ 3 LONG SKIP IF D~a 

C6 LSNZ 3 LONG SKIP IF 0 -f a 
CF LSDF 3 LONG SKIP IF DF~1 
C7 LSNF 3 LONG SKIP IF OF ~a 
CD LSQ 3 LONG SKIP IF Q~1 
C5 LSNQ 3 LONG SKIP IF Q~a 
CC LSIE 1 3 LONG SKIP IF IE~1 

CONTROL OPERATIONS 

00 IDL IDLE (WAIT) 

C4 NOP NO OPERATION 
ON SEP SET P 

EN SEX SET X 

7B SEQ SETQ 
7A REQ RESET Q 
7S SAV SAVE 

79 MARK PUSH x, P TO STACK 

70 RET RETURN 

71 DIS DISABLE 

INPUT/OUTPUT OPERATIONS 
6N OUT OUTPUT 

6N INP INPUT 

NOTE: 
1. Instruction associated with more than one mnemonic. 
2. (B2) ~ 2nd byte of instruction. (B3) ~ 3rd byte of instruction. 

IF EF2~O, M(R(P))_R(p)·a; Else R(P)+1. 

IF EF3~1, M(R(P))-+R(p)·a; Else R(P)+1. 

IF EF3~O, M(R(P)).-.R(p)·a; ELSE R(P)+1. 

IF EF4~1, M(R(P))_R(p)·a; Else R(P)+1. 

IF EF4~a, M(R(P))_R(p)·a; Else R(P)+1. 

M(R(P))_R(P)·1, M(R(P+1))_R(p)·a. The two bytes following the CO 
instruction always replace the high and low order bytes of the program 
counter R(P) 
R(P)+2. The next two bytes after the C8 instruction are always skipped. 
This instruction may also be considered a Long Skip. 
IF D~a, M(R(P))_R(P)·1, M(R(P+1))_R(p)·a; Else R(P)+2. If all bits of the 
o reg. are "0", the two bytes following the C2 instruction replace the con­
tents of the program counter, R(P). If not R(P) paints to the next instruc· 
tion. All long branches below are similar in operation. 
If 0 not 0, M(R(P))_R(P)·1, M(R(P+1))-.fl(p)·a. Else R(P)+2. 

IF DF~1, M(R(P))_R(P)·1, M(R(P+1))_R(p)·a; Else R(P)+2. 

IF DF~a, M(R(P))_R(P)·1, M(R(P+1))_R(p)·a; Else R(P)+2. 

IF Q~1, M(R(P))_R(P)·1, M(R(P+1))_R(p)·a; Else R(P)+2. 

I Q~a, M(R(P))-R(P)·1, M(R(P+1))_R(p)·a; Else R(P)+2. 

R(P)+1. Always skips the following byte. Also called No Short Branch 
(NBR). 
R(P)+2. Always skips the following two bytes. Also called No Long 
Branch (NLBR). 
IF D~a, R(P)+2; Else Continue. If all bits of 0 are "0", the next two bytes 
following the CE instruction are skipped. If not, they are accessed as the 
next instruction. 
IF 0 NOT 0, R(Pi+2; Else Continue. 
IF DF~1, R(P)+2; Else Continue. 
IF DF~a, R(P)+2; Else Continue. 
IF Q~1, R(P)+2; Else Continue. 
IF Q~a, R(P)+2; Else Continue. 
IF IE~1, R(P)+2; Else Continue. 1E is interrupt enable. 

M(R(a))~Bus. The processor repeats execute (S1) cycles until an 110 reo 
quest (INTERRUPT, DMA·IN, or DMA·OUT) is asserted. 
The processor performs no change of status during this instruction. 
N--..P. The low order hex digit of the instruction is placed in the P 
register and designates which register is to serve as program counter, 
R(P). 
N ....... X. The low order hex digit of the instruction is placed in the X 
register. 
1_Q. Sets the Q flip flop to logic high. 
a __ Q. Resets the Q flip flop to a logic low. 
T_M(R(X)). The T reg. containing previous X and P information is stored 
in the memory location addressed by R(X). 
(X,P)_T; (X,P)_M(R(2)), Then P_X; R(2) - 1. The current contents of 
X and P are stored in temporary reg. T and memory addressed by R(2). 
New P is set equal to X and R(2) is decremented. 
M(R(X))+-(X,P), R(X)+1; 1 __ 1E. The memory byte addressed by R(X) 
replaces X and P contents. The memory address, R(X), is incremented 
and IE is enabled. M(R(X))_(X,P), R(X)+1; a_IE. Same operation as 
RET except IE is disabled. Both RET and DIS are used primarily in 
returns from interrupt processing. 

M(R(X))-Sus; R(X) + 1. N ~ 1 - 7. When N is 1 through 7, the memory byte 
addressed by R(X) is accessed and placed on the memory bus. The three 
low order bits of N-are also placed on the N2-Na signal lines memory 
address. R(X) is incremented. 
Bus _M(R(X)); Bus -0. N ~9 - F. When N is 9 through F a byte is input 
to the 0 reg. and the memory location addressed by R(X). The low order 3 
bits of N are placed on the N2- NO signal line. R(X) is not modified. 

156 



'" 400 AMBIENT TEMPERATURE (TA) 

~ 350 

:5 300 
j; 
...i 250 
I 
f-

:200 
::;;; 
f- 150 
z 

25'C 

~ 100 'v~ 
(f) ~'\'(\\" vnn~~ 
z ~ ~CC-~, 
~ l0"L~ ~DD 10~ 
f- tT\-\~i~CC 

o 25 50 75 100 125 150 175 
l1 LOAD CAPACITANCE Il1CU-pF 

FIG. 2 Typical transition time 
capacitance. 

200 

vs. 

8 

7 

LOAD CAPACITAN~E (CU 

VCC - VDD - 5V 

o 

load 

50 pF 

25 35 45 55 65 75 85 95 105 115 125 
SlEC AMBIENT TEMPERATURE (TA) - °c 

VALUE 
AT 50 pF 

FIG.4 Typical maximum clock frequency as a 
function of temperature. 

8 

N 
I 

:2 6 
I 

>-o 
z 4 
LU 
::J 
a 
LU 
a: 
LL 

6 2 
o 
-l 
o 

H 1802AI1802B 
AMBIENT TEMPERATURE (TA) 25°C 

150 

;;;: I 125 
...J 

~ i 100 
zI!c 
a <I 75 
f-« . 
l'l:5 
~I!c 50 t± 
~"" 25 
Q. 

'+++++++t-t+H 

o 50 100 150 200 
SPEC l1 LOAD CAPACITANCE I l1 CU - pF 

VALUE NOTE: ANY OUTPUT 
AT 50 pF EXCEPT XTAL 

FIG. 3 Typical change in propagation delay as a 
function of a change in load capacitance. 

1UUU " AMBIENT TEMPERATURE ITA) = 25°Ct= t= " Z 4 
1 ~ Qo; 2 

~m 
f- E 100 
~I 8 

UjO 6 -,j(:P ",_ 
~~ 

4 
~ Q 

0 2 -,j00 "'l(),,,-,j_ 

a: 10 o " l!J« 8 r "Rr 0;'" 6-

aal 4 "~s!fw -,jGG " r-Q.~ 2 :v~" -,j()() 
-;il 1 /' ...-r,() ~G'(\ " 
Oa: 8 ,,~ -,j0G 
0:: a 6 7$' ;,.lJ.. 4 V(,W" I f- 2 

Q1 V~I I 
2 4 681 2 4 6 8 2 468 

0.01 1 10 
NOTES: CLOCK INPUT FREQUENCY IfCLI - MHz 

IDLE = "00" AT MIOOOO) 
BRANCH = "3707" AT M (8107) 
CL = 50 pF 

FIG.5 Typical power dissipation as a function of 
clock frequency for Branch instruction and Idle 
instruction for 1802A. 

o 
2 3 4 5 6 7 8 9 10 11 

SUPPLY VOLTAGE (Vee = VDD)-V 
FIG. 6 Clock frequency is a function of supply voltage. 

157 



TABLE 1 -
CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 

: .... J .\ DATA . !;4EM96Y ; .... /·i 

STATE I '. N . MNEMONIC INSTRUCTION ' .. .OPEAATIOtl· aus . ADDRESS ·.MRD NOTES 

S1 RESET JAM: I.N,Q,X,P~O IE~ 1 0 R(O) 
UNDEFINED 

1 A 

FIRST CYCLE AFTER RESET INITIALIZE 0 NOT PROGRAMMER ACCESSIBLE 
R(O) 
UNDEFINED 

1 B 

SO FETCH M(R(P))_I,N R(P)+1 M(R(P)) R(P) 0 C 
[Load~O (Program Idle)] M(R(O)) R(O) 0 D 

0 IDL IDLE 
PREVIOUS [Load ~ 1 (Load Mode)] M(R(O)) 
ADDRESS 0 E 

0 

N~O LDN LOAD [D VIA N] M(R(N))_D M(R(N)) R(N) 0 

1 N INC INCREMENT R(N)+1 FLOAT R(N) 1 

2 N DEC DECREMENT R(N)-1 FLOAT R(N) 1 

SHORT (BRANCH NOT TAKEN) M(R(P)) R(P) 0 
3 N - BRANCH (BRANCH TAKEN) M(R(P)) R(P) 0 
4 N LDA LOAD ADVANCE M(R(N))_D R(N)+1 M(R(N)) R(N) 0 

5 N STR STORE VIA N D_M(R(N)) D R(N) 1 

0 IRX INC REG X R(X) + 1 M(R(X)) R(X) 0 
6 N~1-7 OUT N OUTPUT M(R(X))_BUS R(X)+1 M(R(X)) R(X) 0 

N~9-F INP N INPUT BUS_M(R(X)), D I/O 
DEVICE 

R(X) 1 

0 RET RETURN 
M((R)(X))-+-(X,P) M(R(X)) R(X) 0 
R(X)+1;1_IE 

1 DIS DISABLE 
M(R(X))_(X,P) M(R(X)) R(X) 0 
R(X)+1;O_IE 

2 LDXA 
LOAD VIA X M(R(X))-D M(R(X)) R(X) 0 
AND ADVANCE P(X)-1 

3 STXD STORE VIA X D- M(R(X)) 
D R(X) 1 

AND DECREMENT R(X)-1 

7 4,5,7 - ALU OPERATION M(R(X)) R(X) 0 

6 - ALU OPERATION FLOAT R(X) 1 

8 SAV SAVE T_M(R(X)) T R(X) 1 

9 MARK MARK 
(X,P) _ T,M(R(2)) 
P_X;R(2)-1 

T R(2) 1 

A REQ RESET Q Q~O FLOAT (R(P) 1 
S1 B SEQ SET Q Q~1 FLOAT R(P) 1 

(Exe·. 
C,D,F ALU OPERATION IMMEDIATE M(R(P)) R(P) 0 cute) 

E ALU OPERATION FLOAT R(X) 1 

8 N GLO GET LOW R(N).O-o R(N) .0 R(N) 1 

9 N GHI GET HIGH R(N).1_D R(N) .1 R(N) 1 

A N PLO PUT LOW D_R(N) .0 D R(N) 1 

B N PHI PUT HIGH o..R(N).1 D R(N) 1 

0,1,2 
3,8,9 LONG (BRANCH NOT TAKEN) M(R(P)) R(P) 0 
A,B BRANCH (BRANCH TAKEN) M(R(P)) R(P) 0 
5,6,7 

C C,D,E LONG (SKIP NOT TAKEN) M(R(P)) R(P) 0 

F SKIP (SKIP TAKEN) M(R(P)) R(P) 0 
4 NOP NO OPERATION NO OPERATION M(R(P)) R(P) 0 

D N SEP SET P N_P NN R(N) 1 

E N SEX SET X N_X NN R(N) 1 

0 LDX LOAD VIA X M(R(X))-D M(R(X)) R(X) 0 

1,2.3 
4,5,7 

ALU OPERATION M(R(X)) R(X) 0 

6 SHR SHIFT RIGHT 
SHIFT D RIGHT FLOAT R(X) 1 
LSB(D)_DF O_MSB(D) 

F 8 LDI LOAD 
IMMEDIATE 

M(R(P))_D R(P)+1 M(R(P)) R(P) 0 

9,A,B, ALU OPERATION M(R(P)) R(P) 0 
C,D,F, IMMEDIATE 

E SHL SHIFT LEFT ALU OPERATION FLOAT R(P) 1 

IN REQUEST DMA IN BUS_M(R(O)) R(O)+1 I/O R(O) 1 F 
DEVICE 

S2 OUT REQUEST DMA OUT M(R(O))- BUS R(O)+1 M(R(O)) R(O) 0 F 

S3 INTERRUPT 
X,P ..... T,O_IE 

FLOAT R(N) 1 
2_X,1_P 

NOTES: 
A. IE ~ 1; TPA, TPB suppressed. state~ S 1 
B. BUS~O for entire cycle 
C. Next state always S1 
D. Wait for DMA or Interrupt 
E. Suppress TPA. wait for DMA 
F. In Request has priority over Out Request 
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01234567012345670 H 1802A/1802B 
0 1 2 3 4 5 6 7 0 2 3 4 5 6 7 0 

CLOCK 

TPB~::::~~~::::~r-l~~::::~;:;;::;=:~ __ ~~ 
\I1ACHINE CYCLE ~==;:C~Y;C~L~E~n~====*==~C~Y;C~L;E~(n;:;:, ;'1===*= 

I NSTRUCTION ~~:;FE;T;C;H;(;SO;I;;;~~~~E~X~E~C~UT~E~(;S='I=~~~ 
TPB 

MACHINE 
n ~ 

CYCLE CYCLE n CYCLE (n 1) 

MAD ----, INSTRUCTION FETCH (SO) EXECUTE (S1) 

NO-N2 N 9 F L MRil---, r----l ,-
NO-N2 ___ ::::=======~-~~Ni::i'~~7::::=~'--MWA ~ 

ALLOWABLE MEMORY ACCESS - ., 
DATA BUS*2_Z12ZZZZZ/JJi ... Zv7Z7ZZ"':~' 

DATA STROBE * ALLOWABLE-MEMORY ACCETs[VAL~DA618T~e+A FROM ~Y 
(MAO TPB N) I~ MEMORY --.-l.....--.- MEMORY -----.-1 

READ CYCLE READ CYCLE 

* User generated signal * User generated signal 

FIG. 7 Memory -- In cycle FIG. 8 Memory -- Out cycle 
12345670 2 3 12345670 2 3 4 6 7 

CLOCK 

TPB:;::::~;;~:::::r-1 __ ~;:::::~;;~:;::r-l~:;:::::;;;;;::;::r-1 __ :;:::~;;;;;::;::~~~ 
~~g~~NE:;I=====;c;y;c;L;E;n;:======~====~C~YC~L~E~(~n~_~'I====~~====C=Y=C~L~E~(n~'~21======~====C~Y~C~L~E~(n;;'~31======~ 

INSTRUCTION I FETCH (SO) EXECUTE (S1) DMA (82) FETCH (SO) 

DMA-IN*17777777Z777777ZZZZZ777IZZ770 /1777172214 vIZ/IIIZZIZIIL, 

FIG. 9 DMA -- In cycle , 
... __ ..J 

MEMOAY 1 .... [Z~Z~/Z2/~/~ZZ2Z~Z~Z~A~JI .. ~7~Z~ZZ2Z~Z~/Z2/~Z~ZZ2Z~Z~/ZI ...... II ............ II~~~/~/~/~/~/2~Z~Z~/~Z~J 
OUTPUT LVALID OUTPUT VALID OUTPUT J f VALID DATA FROM INPUT DEVICE 

DATABUS*~:"""""""""~""""""""""~,:::::::::::::::::::J""II""""" .... : 
I MEMORY I MEMORY READ WRITE I MEMORY I MEMORY I 
~ READ CYCLE ---_ .... : ...... OR NON-MEMORY CYCLE ~ WRITE CYCLE ~..........- READ CYCLE~ 

I 

* User generated signal 

0123456701234567012345670 2 3 4 5 6 7 0 

CLOCK 

TPB=r====~~~~==~r-l~~J:====~5i~~I:~r-l~J[====~~~~r=~r-1~][====~~~~~~~~~::: ~:gt~NE _ CYCLE n CYCLE (n + 1) CYCLE (n + 2) CYCLE (n . 3) 

DMAOUT* ZZZ/ZZZZZZZZZZZZZZ/ZZZZZZZA e/ZllZZZld vlll/IIZZZIZ?ZZ, INSTRUCTION:~~~F~E~T~CH~(S~O~)~,;~~;:~~EX~E;C~U~T~E(S~'~1~~~~~;;;D~M;A;(S~2~1;;~=:~~~~F~E;TC;H~(S:0~1~;;~~ 
FIG. 10 DMA -- Out cycle MAD---, ~--- --- r-l r---, 

MWR .... _ __ J 

FIG. 11 Interrupt cycle 

~0~p~~V ; IIZZZIZZZ,.. .. 7777772271 ZZZZ/ZX:: :O~"[ZZ<Z:::ZZ2Z:;Z~Z~Z~Z?2Z:;d.~_". 
~f~~BE * L VALID OUTPUT VALID DATA FROM MEMORY / rI'-;-____ V_A_Ll_D_O_U_T_PU_T_J_;-_ 

(S2· TPB) ~ MEMORY ~~ MEMORY ~LI~ MEMORY I: MEMORy--1 
I REAl) CYCLE ~ READ, WRITE OR PEAD CYCLE ----+- --.- READ CYCLE .. ~ I 

NON.MEMORY CYCLE I I I 

* User generated Signal 

0123456 o 1 2 3 4 670123 5670123456 

CLOCK 

TPA~~ ____________ ~r-1~ _________ ~~ ____________ ~rI~ ____________ _ 
TPB n n n rL­

~¢g~~NE:I~:::::;c;YC~L~E~n::===-~TI====~c~y;c~L~E7.[n=.=;'I==~~;r==~C~Y~C7L~E7.(n~'=2~1==~~~I=====7c~Y~C~LE~[~n=,=j~I==~~lr 
INSTRUCTION I FETCH (SO) EXECUTE (S1) INTERRUPT (53) FETCH (SO) 

MAD -----, r 
MWR 

INTEAAUPT*7?/7/"?":/"':/""Z'7"Z77"?":/""'Z""/'7"Z7/",,/7':/,,"/'7"/7/",,/7':7,,"/'7"Z77777':7""7'7"/777~"1 7777777ZZZZZZZZZZ7ZZZ777777/ 
(INTERNAL) IE-------------------------L. _______________ _ 

I 

~AE~~Mc?vRc"LE 
* User generated signal 
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STATE DIAG RAM 
SC1, ,SCO 

.------, Sx ~ Jl<)(l 1 - V 0 ~ VSS 
~~~~~~ DMA - CC 

INT. DMA 

MACHINE STATE TIMING DMA INTERRUPT 
DMA i STATE 

t I -I j 
Isols1Isols1js1Isols1[§,3]SoIS1rm~soIS1~] 
I~ I, t I, t ,I, t ,I t 1 

ONE BYTE AND-1 THREE BYTE DMA CYCLE DMA BLOCK INTERRUPT 
TWO BYTE INSTR INSTRUCTION STEAL TRANSFER SERVICE 

CYCLES CYCLE 

INTERFACE DESCRIPTION 

The 1802A state transitions when in the run 
mode are shown to the left. Each machine cycle 
requires 8 clock pulses except the initialization 
cycle, after reset, which requires nine clock 
pulses. 

The execution of an instruction requires either 
two or three machine cycles, an SO cycle 
followed by a single S 1 cycle, or two S 1 cycles. 
S2 is the response to a DMA request and S3 is 
the interrupt response. Table 1 shows the con· 
ditions on the Data Bus and memory address 
line during all machine states. 

CLOCK,XTAL: The clock reference to the microprocessor may be supplied by an externally 
generated single phase clock to the Clock input or by an on-chip oscillator by using a crystal in parallel 
with a resistor (10 MOtypical) tied between the Clock and XTAL inputs. Frequency trimming capacitors 
may be required at terminals 1 and 39. 

WAIT, CLEAR: These input control lines provide four internal CPU modes: 

clear; Wait Mode 
L L Load 
L H Reset 
H L Pause 
H H Run 

The functions of the modes are defined as follows: 

Load: holds the CPU in the Idle execution state and allows a peripheral device to load memory 
without need for a "bootstrap" loader. It modifies the Idle condition so that the DMA-IN operation I 

does not force execution of the next instruction. 
Reset: resets registers I, Nand Q and places O's (VSS) on the data bus, IE is set and the S 1 state is I 

forced. TPA and TPB are suppressed while Reset condition is held. The first machine cycle after ' 
termination of reset initializes the CPU by resetting registers X, P, and R(O). The next cycle is an 
SO, S 1, or an S2 but never an S3 (interrupt). By using a 71 instruction followed by 00 at memory 
locations 0000 and 0001, respectively, IE may be reset to preclude interrupts until the user is ready 
for them. Power up Reset can be realized by connecting an RC network directory to the Clear in­
put, since it has a Schmitt triggered input. 
Pause: stops the internal CPU timing generator on the first negative (high-to-Iow) transition of the 
input clock. The oscillator continues to operate but all subsequent clock transitions are ignored I 

internally while in this mode. 
Run: If initiated from the Pause mode the CPU resumes operation on the first negative transition 
of the input clock. When initiated from the Reset operation the first machine cycle following Reset 
is always the initialization cycle, followed by a DMA (S2) cycle or fetch (SO) from location 0000 in 
memory. 

a, EF1·EF4: The Q output is set or reset under program control. The EF1-EF4 user generated inputs are 
tested under program control. These signals may be used for serial transmission or external control 
and status. The input flags are sampled at the beginning of every S 1 cycle. Q is set or reset 
between the trailing edge of TPA and leading edge of TPB. 
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H 1802A/1802B 
INTERFACE DESCRIPTION (Continued) 

SCO, SC1:These state code outputs indicate internal CPU modes of operation: 

SC1 SCO STATE TYPE 
L L SO - Fetch Instruction Cycle 
L H S 1 - Execute Instruction Cycle 
H L S2 - DMA Input or Output Cycle 
H H S3 - Interrupt Response Cycle 

MWR: The negative write pulse output indicates address lines are stable during a memory write cycle. 

BUS 0 - BUS 7: These 8 bi-directional three-state lines are used to transfer data between the memory, 
the microprocessor, and I/O devices. 

VCC, VSS, VDD: These power supply input pins allow several options since the internal voltage supply 
VDD is isolated from the I/O interface supply VCC. The processor may operate at maximum speed, 
governed by VDD, while interfacing T2L through VCC. VCC must be less than or equal to VDD. All out­
puts swing from VSS to·VCC. 

N2, N1, NO: These three lines can directly select seven input ports and seven output ports under 1/0 
instruction control. They are all low during non I/O operations. Input ports are selected when MRD is 
high and output ports are selected when MRD is low. 

MAO - MA 7: These 8 output lines contain the memory address. The high order 8 bits are present dur­
ing the TPA timing pulse. The low order bits appear after termination of the TPA pulse. 

TPA, TPB: These positive timing pulse outputs are available once each machine cycle to control I/O in­
terfaces. TPA is suppressed in idle when the CPU is in the load mode. 

MRD: The negative pulse output indicates a memory read cycle and may be used to control the three­
state outputs of memories and to control I/O to memory interfacing during an I/O instruction. 

• MRD = VCC indicates data transfer from I/O to CPU and Memory. 
• MAD = VSS indicates data from Memory to I/O. 

INTERRUPT, DMA-IN, DMA-OUT: These three mode request inputs are sampled during the execution 
cycle of each instruction. In concurrent requests the following priority is set up: (1) DMA-In (2) DMA-Out 
(3) Interrupt. In DMA modes, array register R (0) pOints to a memory area and is incremented during 
each data transfer. In the Interrupt mode, the X and P indicators are stored in temporary register T, the 
X and P indicators are set to hex 1 and 2 respectively and the Interrupt Enable flip flop is reset. 

SYSTEM BLOCK DIAGRAM 

ROM 2 lias 
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I."··'·············.···· .\.,-.. ,,: 

":. ">." ~:...,-

", : 

. APPLICATION PROGRAM 

Compar~ changing input'f6rLimlts, and then ~eset . ," :' ,,- '" " 

F.ROM 
MAIN 

PROGR.A:M 

SEND RESET 
PULSE (Q) 

ASSEMBLY LANGUAGE 

LOOP: INP 
SDI 

OPER •• INPUT OPERAND TO D 
# LIMIT •• SUBTRACT LIMIT - OPERAND 

BDF LOOP •• BRANCH TO LOOP IF 

TO MAIN 
PROGRAM 

MACHINE LANGUAGE 

NO BORROW (LIMIT ~ OPERAND) 

ADDRESS 
010F 
0110 
0111 
0112 
0113 
0114 
0115 
0116 

CODE 
6C 
FD 
10 
33 
OF 
7B 
C4 
7A 

SEa •• SET a 
NOP •• DELAY 3 MACHINE CYCLES 
REO •• RESET a 
• • 
• • 
INPUT CHANNEL = 4, LIMIT = 1016 

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' 1852 is an 8 bit mode programmable CMOS Input or Output Port. The device acts as a 
buffer between the 1802A data bus and the peripheral data bus. It can also be used as an 8 bit 
address latch for multiplexed address buses. 

The Mode control signal programs the 1852 as an input port mode (mode = 0) or an output 
port (mode = 1). As an input port, data (01 0-017) is strobed from the peripheral into the 8 bit 
buffer register by a logic high on the Clock signal input; the negative clock transition sets 
the service request flip flop low (SR = 0) and latches data. When the CS1 and CS2 signals 
are enabled, the data (DO 0-00 7) is read onto the microprocessor bus. The signal SR is then 
reset (SR = 1) on the negative transition CS 1 • CS 2. As an output port, data (010-017) is 
strobed into the buffer register by the microprocessor when CS 1, CS 2, and the Clock input 
are activated. The Service Request is set on the negative transition of CS 1 • CS 2, and will 
remain until the following negative transition of the clock. The Output driver is always 
enabled when the output mode is chosen. A Clear control allows asynchronous resetting ofthe 
port's register (DO 0-00 7) and service request flip flop. 

The 1852 operates over a 4-10.5 voltage range while the 1852C operates over a 4-6.5 voltage 
range. The 1852 is available in a 24 lead hermetic dual-in-line ceramic package (0 suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H suffix) 
are available upon request. 

FEATURES 

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

Microprocessor without Additional 
Compor,ents. 

• Parallel 8 Bit Data Register and Buffer 

FUNCTIONAL DIAGRAM 

23 SA/SR* 
CONTROL 

LOGIC 
cs 2 

24 = VDO 

MODE 12 = VSS 
CLOCK 
CLEAR 

010 ENABLE 
DI1 
012 THREE 
DI3 STATE 
014 OUTPUT 
DI5 DRIVERS 
DI6 
DI7 

* POLARITY DEPENDS ON MODE 

000 
001 
DO 2 
DO 3 
004 
005 
006 
007 
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• Stored Service Request 
• Asynchronous Register Clear 
• Single Voltage Supply 
• Low Quiescent and Operating Power 

PIN CONFIGURATION 

CS 1/CS 1 1 • 24 Voo 
MODE 2 23 SRISR 

010 3 22 017 

000 4 21 007 

011 5 20 016 

DO 1 6 19 006 

012 7 18 015 

002 8 17 005 

013 9 16 014 

003 10 15 004 

CLOCK 11 14 CLEAR 

Vss 12 13 CS2 



I':," '< 

':. 

, 

ABSO.LUTE MAXIMUM RATINGS 

Operating Temperature Range (TA) 
Ceramic package ............. ,-55'to + 125°C 
Plastic Package .. ' .......... , .. - 40 to + 85°C 

DC Supply-Voltage Range (VDD) 
(All voltage values referenced to VSste~minal) 

, 1852 ......................... -0.5 to+13 Volts 
1852C . . . . . . . . . . . . . . . . . . . . . . .. - 0.5 to + 7 Volts 

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

, ~/ 'NOTE: Stresses abov,e' those listed under " 
"Absolute Maximum Ratings" may cause P,erm­
anent damage to the device. This is a stress "~ 
ratfng only and functional operation of the 1 
devi,ce at these or any other conditions above I:~ 
ihose indicated in the operational sections of :; 
this specification is not implied. Exposure to' 
absolute maximum rating conditions for ex- I' 

tended periods may affect device reliability. 

OPERATING CONDITIONS at T A = Full Package Temperature Range. 

~A 

Output Low, Drive (Sink) Current, IOL mA 

Output High Drive (Source) Current, IOH mA 

Output Voltage Low Level, VOL 1 

V 

Output Voltage High Level, VOH 

Input Low Voltage, VIL 

V 

Input High Voltage, VIH 

Input Current, liN 

~A 

3·State Output Leakage Current, lOUT 

Operating Current, IDD12 ~A 

pF 

DYNAMIC ELECTRICAL CHARACTERISTICS atT A = - 40 10 +85°C, VDD = ±5%, Ir, If = 20n8, VIH = 0.7 VDD, VIL = 0.3 VDD, 
CL = 100pF, and 1 TTL Loan. LIMITS AT VDD = + 10V APPLY TO THE 1852 ONLY. 

Required Select Pulse Width, tsw 

Required Write, Pulse Width, tww 

Required Clear Pulse Width, tCLR 

Required Data Setup Time, tDS 

Required Data Hold Time, tDH 

"Typical Values are for TA =+25°C and nominal VDD 
NOTE 1: IOL = 10H = 1 ~A 

5 
10 

5 
10 

5 
10 

5 
10 

5 
10 

180 
90 
130 
65 

80 
40 

-10 
-5 
75 
35 

360 
180 

260 
130 

160 
80 

o 
o 

150 
75 

180 

130 

80 

-10 

75 

360 

260 

160 

ns 
o 

150 

NOTE 2: Operating current is measured at 2MHz in an 1802 system with open outputs and a program of alternating 1 and 0 data pattern. 
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DYNAMIC ELECTRICAL CHARACTERISTICS, cant. H 1852/1852C 

CONDITIONS LIMITS 

CHARACTERISTICS Vo VIN VDD 1852 1852C UNITS 

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

Propagation Delay Times, tpLH, tPHL 

Service Request: - - 5 - 170 340 - 170 340 
Clear to SR, tRSR - - 10 - 85 170 - - -

Clock to SR, tCSR 
- - 5 - 120 240 - 120 240 
- - 10 - 60 120 - - - ns 

Select to SR, tSSR 
- - 5 - 120 240 - 120 240 
- - 10 - 60 120 - - -

Input Mode: - - 5 30 185 370 30 185 370 
Data Output Hold Time' , tOOH - - 10 15 100 201 - - -

ns 

Select to Data Output'. tsoo - - 5 30 185 370 30 185 370 
- - 10 15 100 200 - - -

Output Mode: - - 5 - 140 280 - 140 280 
Clear to Data Output, tRDO - - 10 ~ 70 140 - - -

Write to Data Output, !wDO - - 5 - 220 440 - 220 440 
- - 10 - 110 220 - - - ns 

Data Input to Data Output, tDDO - - 5 - 100 200 - 100 200 
- - 10 - 50 100 - - -

• Typical Values are for TA = + 25°C and nominal VOD 

NOTE 1: Minimum value is measured from CS 2; maximum value is measured from CS 1. 

SYSTEM INTERCONNECT 

INPUT MODE 

MRD 

N, 
NO, N1, OR N2 

D~Nl 
EFX 

BUSO-BUS 7 DATA BUS 

Vce 

1802 

SYSTEM 
RESET 

.fl • MOO E C'l'EAR 
CS1 

eS2 

SA CLOCK I---
010-017 ~ 

000-007 

VDD 

1852 

} 
DATA AND 
CONTROL 

FROM 
PERIPHERAL 

MODE = VSS MODE 0 (INPUn 

CLOCK CS1 oCS2 CLEAR DATAOUTPOT 

X 0 X HIGH IMPEDANCE 
0 1 0 0 
0 1 1 DATA LATCH 
1 1 X DATA INPUT 

SR=O CLOCKl (CLEAR = 1, CS1oCS2 = 0) 
SR=1 (CS1 oCS2fL OR (CLEARfl. 

INPUT MODE CS1 oCS2 is the overlap of CS1 = 1 and CS2 = 1 

1 
CLOCK ,jc=F-~'DH t;: 

PERIPHERAL DATA IN 0"'W""/J~""""""""""'W?:""""X VALID DATA ~ 
INTERFACE _ ~ ~ICSR:::::j 

SR IRSR "'--___ ~r 
CLEAR teLR ~tSSR 

_______________ tsw --tDOH 

"' {CS1 • CS2 'sao I 
INTERFACE DATA BUS ~ 

MODE = VDD MODE 1 (OUTPUn 

CLOCK CSloCS2 CLEAR DATA OUTPUT 

0 X 0 0 
0 X 1 DATA LATCH 
X 0 1 DATA LATCH 
1 1 X DATA INPUT 

SR=1 CS1 oCS21 (CLEAR = 1) __ 
SR=O CLOCK"l (CLEAR = 1, CS1 oCS2 = 0) OR (CLEARil 

OUTPUT MODE OUTPUT MODE CSloCS 2 is the overlap of CS1 = 0 and CS 2 = 1 

MRD 
NO, N1, OR N2 

N, 

TPB 

BUSO-SUS 7 DATA BUS 

Vec 

1802 

SYSTEM 
Voo RESET 

I ~ 
MODECLEAR 

CS1 

CS2 

CLOCK 
SRf---. 

000·007 ~ D10·017 

VDD 

1852 

} 
DATA AND 

CONTROL TO 
PERIPHERAL 

"P 
INTERFACE 

1 DATA OUT 

PERIPHERAL SR 
INTERFACE 

CLEAR 
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tSSR tCSR 

*Write is the overlap of CS 10CS 2 and Clock 



APPLICATION EXAMPLES 

Address Latch 
1852 can be used as an address latch to latch the upper byte of the 1802Amicroprocessor 
memory address in each machine cycle. The figure below shows the 1/0 port connected for 
this application together with its associated timing diagram. 

UPPER 
ADDRESS 
BYTE TO 
MEMORY 

L~======:) LOWER ADDRESS 
BYTE TO 
MEMORY 

~~A?HINE CYCLE---j 

1r_K~-2 3 4 5 6 7 I 
CL DCK I !LI"l.JlJL.J"}-

TPA+-" I 
A~ED~~~~~ LOWOROEA ~ 

SIGNAL DESCRIPTION 

1852 

--------A 01 00 
~ 0-7MODE o-7 

2 

Voo 

This figure shows 1852 connected as a non­
inverting, three state, 8 bit buffer, with MODE = 0, 
CLOCK = 1 and CS 2 = 1, CS 1 can be used as a 
tri-state control. When CS 1 = 0, the output is a high 
impedance, but when CS 1 = 1 data output equals 
data input. If a high impedance state is notrequired, 
the CS 1 input can be tied high (CS 1 = 1). 

010·011: These 8 input lines are strobed into an internal buffer by a high level on the Clock 
input line and latched by the negative transition of the Clock input. 

DO 0·00 7: These 8 output lines reflect the information from the internal buffer when the 
three state drivers are enabled by CS 1 • CS 2 in the input mode or, at all times, in the output 
mode. 

MODE: This control input sets the 1852 in the input mode with a VSS applied or in the out­
put mode with VOO applied. 

CLEAR: This asynchronous reset control clears the buffer register and resets the SR flip 
flop. 

CLOCK: Input Mode: This input strobes data into the buffer when it is activated (high) and 
sets the SR flip flop (SR = 0) while latching data on its negative transition. 

Output Mode: This input along with the chip selects (CS 1 • CS 2 • Clock = 1) 

trobes data into the buffer. The service request (SR) is set high on the termination 
of CS 1 • CS 2 = 1 and reset low on the next negative transition of the clock. 

CS1/CS1, CS2: These chip select controls enable device selection. 

SRISR: This output signal is used as a service request transfer control between the 
microprocessor and peripheral buses. 

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' 1853 allows decoding of the 1802A microprocessor generated I/O lines'(NO-N2)to 
provide direct control for up to seven input and seven output devices. The TPA and TPB clock 
inputs provide control signal output timing while the Chip Enable (CE) input allows multi-level 
I/O expansion for decoding. The 1853 can also be used as a general 1 of 8 decoder for memory 
system applications. 

The 1853 operates over a 4-10.5 voltage range while the 1853C operates over a 4-6.5 voltage 
range. The 1853 is available in a 16 lead hermetic dual-in-line ceramic package (D suffix), 
plastic package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip 
form (H suffix) are available upon request. 

FEATURES 

• Static Silicon Gate CMOS Circuitry 

• Interfaces Directly with 1802A 
Microprocessor without Additional 
Components 

• Provides Control for up to 7 Input 
and 7 Output Devices 

• Low Power Dissipation 

• Easy Expansion for Multi-Level 
I/O Systems through Chip Enable. 

FUNCTIONAL DIAGRAM 

CLOCK A 
(TPA) 

CLOCK B 
(TPB) 

• Buffered Inputs and Outputs 

• Strobed Outputs for Spike-Free Decoding 

PIN CONFIGURATION 

CLOCK A (TPA) vDD 
N 0 CLOCK B (TPB) 
N1 N2 

OUT 0 CE 
OUT 1 OUT 4 
OUT 2 OUT 5 
OUT 3 OUT 6 

vss. _~ ___ -' OUT 7 

4 OUT 0 
NO 5 

6 OUT 1 
1 OF 8 OUT 2 

DECODER 7 OUT 3 N 1 12 OUT 4 
11 OUT 5 10 

N2 9 
OUT6 

EN OUT 7 
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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) 
1853 .......................................... -0.5 to + 13Volts 
1853C ......................................... -0.5 to + 7Volts 

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

OPERATING CONDITIONS at TA = Full Package Temperature Range 

Note:. Stresses above those listed 
I 

under "Absolute Maximum Ratings" 
may cause permanent damage to the 
device. This is a stress rating only and 
functional operation of the device at I 

these or any other conditions above I 

those indicated in the operational ' 
sections of this specification is not 
implied. Exposure to absolute maximum 
rating conditions for extended periods 
may affect device reliability. 

lS~0~:Ei);,,!f:;ii,i'_ '.J'l'!rID'~,,·,·'C""";;;;l~~iU 
.,;:~~."~';~{' ;<' .;:\'" ...•. '.,;., • ~.~~ . ;.; I" .':" • e",}',', 1 ; ';', ,i i (' 

.. · •• ·,.: .. :.. ••...•... >0 .. ',·'. ...../:}; / •..••• .M~I.·.·. :~:.... ..E:::'::· 
Supply-Voltage Range - - - 4 -

Recommended Input Voltage Range - - - VSS -

Static Electrical Characteristics at T A = _400 to +850 C Unless Otherwise Specified 

Quiescent Device Current, 'L -

-

Output Low Drive (Sink) Current, IOL 0.4 

0.5 

Ouput High Drive (Source Current), IOH 4.6 

9.5 

Output Voltage Low-Level, VOL' -

-

Output Voltage High Level, VOH -

-

Input Low Voltage, V,L 0.5,4.5 

1,9 

Input High Voltage, V,H 0.5,4.5 

1,9 

Input Leakage Current, "N Any 

Input 

3-State Ouput Leakage Current, 'OUT 0,5 

0,10 

Operating Current 'DD1' 0,5 

0,10 

Input Capacitance, C'N -

Output Capacitance, COUT -

"Typical values are for T A = +25°C and nominal voltage. 

NOTE 1: IOL = IOH = 1 uA 

-

-

0,5 

0,10 

0,5 

0,10 

0,5 

0,10 

0,5 

0,10 

-

-

-

-

0,5 

0,10 

0,5 

0,10 

0,5 

0,10 

-

-

5 - 1 

10 - 10 

5 1.6 3.2 

10 2.6 5.2 

5 -1.15 -2.3 

10 -2.6 -5.2 

5 - 0 

10 - 0 

5 4.95 5 

10 9.95 10 

5 - -

10 - -

5 3.5 -

10 7 -

5 - -

10 - -

5 - -

10 - -

5 - 50 

10 - 150 

- - 5 

- - 10 

NOTE 2: Operating current measured in a 1802A system at 2MHz with outputs floating. 
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10.5 4 - 6.5 V 

VDD VSS - VDD V 

10 - 5 50 

100 - - -
~A 

- 1.6 3.2 -
mA 

- - - -

- -1.15 -2.3 -
mA 

- - - -

0.1 - 0 0.1 

0.1 - - -

4.95 5 
V - -

- - - -

1.5 - - 1.5 

3 - - -

3.5 
V 

- - -

- - - -
±1 - - ±1 

±1 - - - ~A 

±1 - - ±1 

±1 - - - ~A 

100 - 50 100 

300 
~A 

- - -

7.5 - 5 7.5 pF 

15 - 10 15 pF 



)PERATING CONDITIONS, cont. H 1853/1853C 
", CONDITIONS LIMITS 

CHARACTERISTICS Vo VIN VDD 1853 1853C UNITS 
'" ' (V) (V) (V) 

Min. Typ," Max. Min. Typ." Max. 

Dynamic Electrical Characteristics at TA =-40 to +85°C, tr, If = 20 ns CL = 100 pF VDD ±.5%, VIH = 0.7 VDD, VIL =0.3 VDD 

Propogation Delay Time: - - 5 - 175 275 - 175 275 
ns 

CE to Output, tEOH' tEOL - - 10 - 90 150 - - -
- - 5 - 225 350 - 225 350 

N to Outputs, tNOH' tNOL ns 
- - 10 - 120 200 - - -

- - 5 - 200 300 - 200 300 
Clock A to Output, tAO ns 

- - 10 - 100 150 - - -, 

- - 5 - 175 275 - 175 275 
Clock B to Output, t BO ns 

- - 10 - 90 150 - - -
Minimum Pulse Widths: - - 5 - 50 75 - 50 75 

Clock A, tCACA - - 10 - 25 50 - - -
ns 

- - 5 - 50 75 - 50 75 
Clock B, tCBCB C8 

- - 10 - 25 50 - - -

"Typical values are for TA = 25°C and nominal voltage, 

~ OUTP~~ 

PROPOGATION DELAY TIMING: 

CLOCK A~8J,-:~_~_C_A_~ 
OUTPUT~ erO 

TIMING DIAGRAMS 

TPA-fl.-----Il---­

TPB~ 
CE~ : : I .--:-­

EN·~ 
OUTPUT~ 

a)CE TO OUTPUT (0-7) DELAY TIME c) CLOCK A TO OUPUT (0-7) DELAY TIME 

·OUTPUT ENABLED WHEN EN = HIGH 
INTERNAL SIGNAL SHOWN FOR REFERENCE ONLY ~ OUTPU~ 9:0 

~
-tCBCB-1 

CLOCK B tBO 

OUTPUT 

APPLICATIONS EXAMPLES b) N LINES TO OUTPUT (0-7) DELAY TIME d) CLOCK B TO OUTPUT (0-7) DELAY TIME 

The Figure shows two 1853 used to decode 
4K address into 16 groups of 256 address 
each. 

MA 8 represents the 8th binary address bit. 
(Le. 28 = 256) 

M 0 will address 0-255 
M 1 will address 256-511 
M 15 will address 3840-4095 

In the 1802A microprocessor systems, when 
more than three liD ports are required, the N 
lines can be decoded to specify up to 7 
different input and 7 different olltput 
channels as shown. 

By executing Input instruction 69 (N lines = 
001) for instance, the port 1 input register is 
enabled to the bus since MRD is high during 
the memory write cycle. The 1853 decode 

: line 1 will also be active high during an 
. output instruction, 61 (N lines = 001) but 
i MRD is low during the memory read cycle 
disabling the memory read cycle disabling 

. the port 1 input register from the bus. AtTPB, 
the valid byte from memory is strobed into 

: the port 1 output register. 
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ADDRESS DECODER: 
MATi MAlO MAS MA8 

MOM 1 M 2 M 3 M4 M 5 M 6 M 7 1018101910110 trill' M12M1SU14'M1S 

ONE LEVEL 1/0 SYSTEMS: 

~ ." CLOCK 

1 OUTPUT PQRTS 7 INPUT PORTS 



62-6F" 
INST 

CLOCK A 
CLOCK B 
CE 

1053 
NO,N 1, N2 

'62-6F" 
INST 

seCTIONS 3-7 

CLOCK A 

CLOCK B 
CE 

"53 
NO, N 1, N 2 '---j=t==~ 

"S2-8F" 
INST. 

SIGNAL DESCRIPTION 

110 

1 INPUT 
6 OUTPUT 

PORTS 

I/O 

7 INPUT 
6 OUTPUT 

PORTS 

110 

7 INPUT 

6~~~i~T 

, 
...... 

In the 1802A microprocessor systems, when 
more than 7input;or 7 output ports are 
required; a two level: 110 system can be 
designed as shown in the figure. 

A61 (N lines = 001) output instructionis,first 
executed to place an 8-bit device -selection 
code in the 1/0 device-select register, 1852. 
Subsequent execution of one of the 6 
remaining output instructions (62-67) selects 
one of 48 output ports, or subsequent 
execution of one of the 7 input instructions (69-
6F) selects one of the 56 input ports. 

With additional decoding the total number of 
input and output ports can be further 
expanded. 

Clock A, Clock B: The selected outputs stay true from the trailing edge of the Clock A (TPA) 
input to the trailing edge of Clock B (TPB) input, if the chip is enabled. The transition of both the 
clock inputs at the trailing edge should be the high-to-Iow. 

CE: The Chip Enable input enables the chip when high. All outputs will be low when CE = O. 

NO, N 1, N 2: These three inputs select one of eight decoded outputs when the chip is enabled. 
N 0 is the least significant input, N 2 is the most significant input. .. 

Output 0 - Output 7: One output can be selected at a time. The truth table is shown below. 

TRUTH TABLE 
. ~. .. 

1 0 
1 0 
1 1 
1 1 
0 X 

1 = High Level 
0= Low Level 
X = Don't Care 

0 On-1' 
1 1 

0 0 
1 1 
X 0 

*Qn-1 = Enable remains in previous state. 

',' 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 
X X 

~ . ' 
0 1 1 0 0 0 0 0 0 0 
1 1 0 1 0 0 0 0 0 0 

0 1 0 0 1 0 0 0 0 0 
1 1 0 0 0 1 0 0 0 0 
0 1 0 0 0 0 1 0 0 0 
1 1 0 0 0 0 0 1 0 0 
0 1 0 0 0 0 0 0 1 0 
1 1 0 0 0 0 0 0 0 1 
X 0 0 0 0 0 0 0 0 0 

i'nformation 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 resultfrom its use. 
No license is granted by implication or otherwise under any patent or patent rights of Hughes. 
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DESCRIPTION 

Hughes' 1854A is a CMOS Universal Asynchronous Receiver/Transmitter (UART).lt is designed to 
provide formatting and controls to interface serial and parallel data busses, such as a telephone 
modem to an 1802 microprocessor bus. The 1854A is capable of full duplex operation allowing 
simultaneous conversion from serial to parallel (receiver section) and parallel to serial (transmitter 
section). A local receiver clock (R Clock) and transmitter clock (T Clock) operates at 16 times the 
serial data rate to provide references for receiver sampling and transmitter timing. The mode control 
allows the UART to be used as a functional replacement for industry standard UARTs (such as the 
TR1602) in mode 0 while utilizing a single supply voltage; in mode 1 the UART can be selected as a 
bus oriented device for direct interfacing with the 1802 microprocessor as shown below. 

The 1854A operates over a 4-10.5 voltage range while the 1854C operates over a 4-6.5 voltage 
range. The UART is available in a 40 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 also available upon request. 

FEATURES 

• Static Silicon Gate CMOS Circuitry 

• Two Operating Modes 

Mode 0 - Functionally Compatible with 
Industry Standard UARTs such 
as TR1602A 

Mode 1 - Directly Interfaces with 1802 
Microprocessor without 
Additional Components 

• Full or Half Duplex Operation 

SYSTEM INTERCONNECT 

(MODE 1) 
LOCAL CLOCKS 

T CLOCK R CLOCK • • 
NO RSEL 
N1 CS1 

VSSa 
CS2 

RTS r--
N2 -----0 CTS ~ 

VDDa 
CS3 

MRD RD/WR 

1802A TPB TPB 

PERIPHERAL 
CPU INT ::- -UART ES ~ 

EFx INT 1854A PSI ~ 
EFx ------------- THRE 

EFx ------------- DA 
;~.o..---- FE 

• Baud Rate - DC to 250K at VDD = 5V 
DC to 500K at VDD = 10V 

• Selectable Word Length, 5, 6, 7 or 8 Bits 

• Programmable Parity and Stop Bits 
(1, 1 Y2, 2) 

• Parity, Framing and Overrun Error 
Detection 

• Single Voltage Supply 

• Low Quiescent and Operating Power 

PIN CONFIGURATION 

MOOED MODEl 

VOO T CLOCK VOO 
MOOE(VSS) EPE MODE (voo) , 

VSS WLSl Vss' 
RRO WLS2 CS2 

RBUS7 sas RBUS71 
RBUSS - PI R BUS6 
RBUS 5 CRL R BUSS 
RBUS4 TBUS7 R BUS4 
R BUS3 TeUS6 A BUS 3 
R BUS2 T BUSS R BUS 2 
RBUS 1 T BUS 4 RBUS1 
RBusa r T BUS 3 R BUS 0 

PE T BUS 2 iNTI 
FE TBUS1 FE 
OEC_ 15 TBUSO PE/OE 

SFO SOO RSEL 
R CLOCK TSRE RCLOCK 

OAR 23 THRL TPB 

TCLOCK 
CTS 
ES 
PS1 
NC 
CS3 
MRO 
T BUS 7 
TeUS6 
T BUSS 
T BUS 4 
TBUS3 
TBU$2 
TBUS1 
T BUS 0 
SOO 
RTS 
CS1 

EFx -----4' 
~ .. ~---- SOl ~ OA 22 ~ THRE liA THRE 

EM SYST 
CLEA R 

PEOE 
SDO f---+ 

BUS I TBUS 

CLEAR 
RBUS 
CLEAR MODE 

I I VDD 
NOTE: DOTTED CONNECTIONS ARE OPTIONAL 

OSI 21 MR SOl CLEAR 
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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 toVSS terminal) 

1854A .............................. -0.5 to + 11 Volts 
1854AC ............................ -0.5 to + 7 Volts 

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

OPERATING CONDITIONS at TA = Full Temperature Range 

Supply Voltage Range 
(At TA = Full Package Temperature Range) 

Recommended Input Voltage Range VSS toVDD 

Clock Input Frequency, fCL 5 DC-4 

(16 times bit rate) 10 DC-8 

Minimum Clock Pulse Width, 5 125 

twL, twH 10 100 

Minimum Master Reset, 5 500 

Clear Pulse Width 10 250 

NOTE: Stresses above those listed under II.,'.~,~' 
"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 operati.onal It 
sections of this specification is not implied. 
Exposure to absolute maximum rating condi­
tions for extended periods may affect device 
reliability. 

VSSto VDD V 

DC-4 
MHz 

125 
ns 

500 
ns 

STATIC ELECTRICAL CHARACTERISTICS at TA = - 40 to + 85°C, Unless Otherwise Specified 

Quiescent Device Current IDD 0,5 5 0.01 50 0.02 200 

0, 10 10 200 ~A 

Output Low Drive (Sink) Current IOL 0.4 0,5 5 0.55 1.1 0.55 1.1 

0.5 0, 10 10 1.3 2.6 
mA 

Output High Drive (Source) Current IOH 4.6 0,5 5 -0.55 -1.1 -0.55 -1.1 

9.5 0, 10 10 -1.3 -2.6 
mA 

Output Voltage Low-Level VOL2 0,5 5 0 0.1 0 0.1 

0,10 10 0 0.1 
V 

Output Voltage High-Level VOH 0,5 5 4.9 5 4.9 5 

10 9.9 10 
V 

0,10 

Input Low Voltage VIL 0.5,4.5 5 1.5 1.5 

10 3 
V 

0.5,9.5 

Input High Voltage VIH 0.5,4.5 5 3.5 3.5 

0.5,9.5 10 7 
V 

Input Current liN 0,5 5 ~10-4 +1 ~10-4 ~1 

0,10 10 ~10-4 +2 ~A 

Three State Output Leakage lOUT 0,5 0,5 5 ~10-4 ~1 ~10-4 ~1 

Current 0,10 0,10 10 ~10-4 ~2 
~A 

Operating Current IDD13 0,5 5 1.5 1.5 

0,10 10 10 
mA 

Input Capacitance CIN 5 7.5 5 7.5 

Output Capacitance GoUT 10 15 10 15 
pF 

NOTE 1: Typical values are for TA = +25°C NOTE 3: Operating current is measured at 200 kHz for VOO = 5 Volts an,d 400 kHz for 
NOTE 2: IOl = IOH = 1 "'A. VOO = 10 Volts in an 1802 system, with open outputs. 
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:UNCTIONAL DIAGRAM (Industry Standard Mode 0) 

MODE (VSS) TO TERM 2 

MATO TERM 21 

T CLOCK R CLOCK 

, , , , 
o ~ (\J C"l <:t L.() to r--. 
(/) (/) (/) (/) (/) (/) (/) (/) 
::J::J::J ::J::J::J:::J ::J 
co (Il co co CD CD III CD 

I- r- I- I- I-

23 a:ffifu~~ : ~ffi~t!:~~ DAR 
THRL :;: ~ CRL1SFO I- I-

t- 0:0 L.() '<t (") C\I ,.... 0 
(/) (/) (/) (/) (/) (/) (/) (/) 
::J::J::J:::l :J:::J::J::J 
co co co co !ll co co !Xl RRD 
(( a: a:: cc c: c: a:: a:: 

TRANSMITTER SECTION RECEIVER SECTION 

H 1854A/1854AC 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = - 40 to + 85°C, VDD ± 5%, tr, tf = 20 ns, VIH = 0.7 VDD, 
VIL = 0.3 VDD, CL = 100 pF, See Fig. 1. 

LIMITS 

CHARACTERISTICS VDD 1854A 

(V) Typ.1 Max.2 Typ.1 

Standard Timing - MODE 0 

Minimum Pulse Width: tCRL 5 100 150 100 
10 50 75 -

Minimum Setup Time: tcwc 5 200 300 200 
Control Word to CRL 10 100 150 -

Minimum Hold Time: tccw 5 100 150 100 
Control Word after CRL 10 50 75 -

Propagation Delay Time: tSFDH 5 200 300 200 
SFD High to SOD 10 100 150 -

SFD Low to SOD tSFDL 5 75 120 75 
10 40 60 -

RRD High to Receiver Register tRRDH 5 200 300 200 
High Impedence 10 100 150 -

RRD Low to Receiver Register tRRDL 5 100 150 100 
Active 10 50 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. 

TABLE 1. DYNAMIC ELECTRICAL CHARACTERISTICS 

MODE 0 OPERATION (MODE INPUT = VSS) 

A. Initialization and Controls 

1854AC UNITS 

Max.2 

150 ns 
-

300 ns 
-

150 ns 
-

300 ns 
-

120 ns 
-

300 ns 
-

150 ns 
-

The Master Reset (MR) is pulsed to initialize the UART; for example, after power turn on. It resets (zeroes) the 
Control, Status and Receiver Holding Registers and sets the Serial Data Output (SOO) signal to a logic high. After 
release of the Master Reset (return to a logic low), the internal timing is generated from the Transmitter Clock 
(T Clock) and Receiver Clock (R Clock) inputs which are divided internally by sixteen to provide the serial data bit 
rate. When the receiver data input rate and the transmitter data output rate are the same, as in two-way 
communications over the same channel, the T Clock and R Clock inputs may be connected together. 

To set the operational mode of the UART the control inputs: Parity Inhibit (PI), Even Parity Enable (EPE), Stop Bit 
Select (SBS), and Word Length Selects (WLS1 and WLS2) are strobed into the UART by the Control Register 
Load (CRL) input signal activation (logic high). The control bits may be dynamically changed or may be hard 
wired to the required voltage level (VSS) or VOO) with CRL hard wired to VOO. The 1854A is then ready for 
transmitter and/ or receiver operation. 
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CONTROL INPUT WORD TIMING 

CONTROL r--------------.....,.. .... ,...--­
WORD INPUT ---'~ ~"""-----

1...1 -.-.-------tcwc ---.... +1 ... tccw-i 
I I 

CRl -----i/~--- ___ ~\_-----i" tCRl 'i 

STATUS OUTPUT TIMING 

~~~~~~S------------~~---------~\~J----------~~ 
~tSFDH tSFDl~ r---
I , 
I I ....-------------1111------....;1 SFD _________ -' L.. ___ _ 

RECEIVER REGISTER DISCONNECT TIMING 

=~~~~-------¥-------------4: :~--------~f-----
_I t-- tRRDH ~ tRRDl f--

r-----------III-I ---;1 RRD ____ -' .... ______ _ 

FIGURE 1. STANDARD MODE 0 TIMING DIAGRAM 

I' 
I 
I 

B. Word Format , 

A diagram of the serial data word format is shown in Fig. 2. The data, 5-8 bits, is transmitted with the least 1 

significant bit (LSB) sent first. The parity bit, if enabled, is sent after the most significant data bit. The parity may be I, 

either odd or even as chosen by the Control Word. The data is enclosed by a Start bit (logic low) identifying start I 
of character transmission and either 1, 1 Y2, or 2 bit wide Stop bit(s) which identifies the end of character 1 

transmission and separates successive data words. The width of each data bit is normally 16 input clock widths 'I 

of 16/f where f is the clock frequency. , 

START BIT-I 

C. Transmitter Operation 

NEXT START BIT 

NEXT DATA WORD 

5-8 DATA BITS -l r- STOP BITS 1, 1'12 or 2 

--j I-PARITY BIT 

FIGURE 2. SERIAL DATA WORD FORMAT 

The transmitter timing diagram showing the start of data transmission are seen in Figure 3. At the beginning of a 
transmitting sequence the Transmitter Holding Register is empty (status signal THRE is high). A character is 
transferred from the transmitter bus to the Transmitter Holding Register by applying a low pulse to the 
Transmitter Holding Register Load (THRL) input. This causes the THRE status to go to a low state. If the 
Transmitter Shift Register is empty (Status signal TSRE is High) and the input clock is low, the next high-to-Iow 
transition of the clock loads the contents of the Transmitter Holding Register into the Transmitter Shift Register, 
preceded by a start (low) bit. Serial data tranmission begins one-half clock period later with a start bit, followed 
by 5-8 data bits, the parity bit (if programmed) and stop bit(s). The THRE status signal returns high one-half clock 
period later on the high-to-Iow transition of the input clock. When THRE goes high it signals that another 
character can be loaded into the Transmitter Holding Register for subsequent transmission immediately 
following the last stop bit of the previous character. This process is repeated until all characters are transmitted. 
When transmission is complete both THRE and the Transmitter Shift Register Empty (TSRE) status signals will be 
high. 
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H 1854A11854AC 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = - 40 to + 85°C, VDD ± 5%, tr, tf = 20 ns, VIH = 0.7 VDD, 
VIL = 0.3 VDD, CL = 100 pF, See Fig. 3. 

LIMITS 

CHARACTERISTICS VDO 1854A 

(V) Typ.1 Max.2 

Transmitter Timing - MODE 0 

Minimum Clock Period tcc 5 250 310 
10 125 155 

Minimum Pulse Width: tCL 5 100 125 
Clock Low Level 10 75 100 

Clock High Level tCH 5 100 125 
10 75 100 

THRL trHTH 5 100 150 
10 50 75 

Minimum Setup Time: tTHC 5 175 275 
THRL to Clock 10 90 150 

Data to THRL tDT 5 -100 -75 
10 -50 -35 

Minimum Hold Time: tTD 5 75 125 
Data after THRL 10 40 60 

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

Clock to THRE tCT 5 200 300 
10 100 150 

THRL to THRE tTTHR 5 200 300 
10 100 150 

Clock to TSRE tTTS 5 200 300 
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 2. TRANSMITTER TIMING MODE 0 

* TRANSMITTER HOLDING 
----l t '----- REGISTER LOADED 

tCH-l ~~ /** TRANSMITTER SHIFT 
_ .. tCL ___ 1 1__ REGISTER LOADED. 

TCLOCK~ 1 2 3 4 5 

I I I I 
THRL----. trHC-I -- I I 

!--__ ~I I : I 
1- tTHTH -J ~ I--tCD 
I I I II 

SDO--~I~--~I-~I ~ll 

I I I I I 

1854A<; ... UN.ITS 

Typ.1 Max.2 

250 310 ns 
- -

100 125 ns 
- -

100 125 ns 
- -

100 150 ns 
- -

175 275 ns 
- -

-100 -75 ns 
- -

75 125 ns 
- -

300 450 ns 
- -

200 300 ns 
- -

200 300 ns 
- -

200 300 ns 
- -

~ I 

/I 

n 
\l 

I 

I 
I 
I I 

---l ~tCD 
/1STDATA BIT 

I tTTHR ---J 'T --l t-- t I I ! r _____ C_T ___________________ l~V-----------------------
I I I I I 

THRE 

I 1---1 I--tTTS 

I : I~----------------~(~I---------------
TSRE 

f- tDT-J I- lTD -I 
TBUS0J< *r-----------J~~--------------
T BUS 7. DATA • • f' 

* THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF THRL 
** THE TRANSMITTER SHIFT REGISTER, IF EMPTY, IS LOADED ON THE FIRST HIGH· TO· LOW TRANSITION OF THE CLOCK WHICH OCCURS AT 

LEAST 1 12 CLOCK PERIOD + 'THC AFTER THE TRAILING EDGE OF THRL, AND TRANSMISSION OF A START BIT OCCURS 112 CLOCK PERIOD 

+ tCD LATER FIGURE 3. MODE 0 TRANSMITTER TIMING DIAGRAM 
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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. 

1..>G1. ·········>};i/.··.··········< .....•.... i [< .......... iii · .... ··.···•·· .. · .. ··.········ .... · ... <i.······i..t~:iTS .·.i£.····)i.L·.·>· .......... ~:t. I· ••• ':',Ln, .••... . ..•••..••• iii~~~o ••. · ••.• · . ••. ·<1.115#A< .... <··I>'\"Oj1't~"'" .. ' ..•......••.... 
I . ~ ~'.~"..'"" '~!'.,..,.i .' ....... !~;.~si;~; 

•..•. <....... •..••..•.•• '. .•. • ••.. I. '.',. <Ty\?l .. ·f .... M8l(.2>1y~A •....• 1.NljiI~;~ . 
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. 
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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. 

180 



!-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. 
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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 

RA2 RA1 RA<t> 
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LOGIC 

SELECT CONTROL 

REGISTER I 
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SELECT Z I I ~~~ __ --J 
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RESET OUT ~ 
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STB CLEAR SHIFT RD/WE 
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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. 
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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 

195 

H 1855/1855C 

EF 

BUS 

MRD TO 
TPB 1802A 
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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. 

196 



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 
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• 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. 
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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 
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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. 
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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. 
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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 

'" . . ...... >:., ..• """ >,:", '." 
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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 
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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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REPRESENTATIVES AND DISTRIBUTORS 
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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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