
HP-41 Ie Specifications 

Containe-d in this package are several different HP-41 
Integrated Circuit Specifications. Included are: 

HP-41 
HP-41 
HP-41 
HP-41 
HP-41 
HP-41 
HP-41 
HP-41 
HP-41 

CPU Detailed Specification (42 pages) 
Display Driver (23 pages) 
HP-IL Electrical Specification (14 pages) 
HP-IL Detailed Description (9 pages) 
Data Storage IC Detailed Description (6 pages) 
Timer IC Electrical Specification (7 pages) 
Timer IC Detailed Description (31 pages) 
Interface IC Electrical Specification (8 pages) 
Interface Ie Detailed Description (7 pages) 

By opening this package, the user accepts that this 
information is supplied as is, and understands that all 
documentation is strictly Not Manufacturer Supported (NOMAS). 
Hewlett-Packard bears no responsi~ity for support or correctness 
of this documentation, and use of the information contained within 
is at the users risk. 

Any questions regarding the enclosed material may be 
addressed to: 

PPC 
P.O. Box 9599 

Fountain Valley, CA 92728-9599 USA 

Please respect the responsibility that acceptance of this 
i~formation entails. Only through the actions of each of our 
members can PPC continue to support our members by providing such 
services as NOMAS listings. 
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NOTE: This page provides a running history of ch~nges for a multi-pagE 
drawing which cannot conveniently be re-issued completely after 
each change. When making a change, list for each page all before 
and-after numbers (within reason; use judgement, and use 
"extensive" revision note if loss of past history is tolerable, 
retype complete page) and associate with each a symbol made up 0 
the change letter and a serial subscript to appear here and on t 
page involved (there enclosed in a circle, triangle, or other 
attention-getting outline). 
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I. GENERAL DESCRIPTION 

The ILE3 CPU is designed for 4lC and IIC,12C calculator. At wafer and 

package level, their part numbers are designated as follows: 

WAFER 

PACKAGE 

lIC 12C 

lLF5-01 

lLF5-0301 

4lC 

ILF5-Q2 

ILF5-0002 

Jhe difference between the two parts are programmed at metal mask (mask 7, 

CMOSV) 'The rest of masks are common to both. Electrically, the differences 

are 1n the two circuits: 

1) VCI, VCO CIRCUIT 

In 4lC mode, the VCI and VCO pins are provided to interface with a 

power supply. . When the CPU wi shes to wa ke up" it wi 11 pu 11 the VC I 

line high. It will then wait until VCO is pulled low by the power 

supply circuitry indicating that VCChas reached the desired level. 

In IIC and I2C mode"this function is bypassed, however, VCI will 

still be act1v~. 

2) POWER ON CIRCUIT 

In 4lC mode, a resistor voltage divider is connected across th PWO 

line so that a lower PWO voltage is provided to the power on circuit. 

When the battery voltage becomes low, and with the presence of the 

PHASE 1 CLOCK. the low PWO voltage will cause a hardware shutdown 

at VCC=4.0 volts. 

1-+-___ +-_____ -----1 "0:)(, I sn: NO. SEE fAuLE 
DETAILED DESCRIPTION CPU 
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In llC and 12C mode, this function is bypassed by disconnecting the 

voltage divider. The low voltage shutdown hardware circuitry resides 

in the display chip. 

The operating range of the two chips are also different and are sum­

. marized as follows: 

41C 

llC 12C 

VOLTAGE RANGE 

6.0 to 7.0 

3.0 to 5.0 

CLOCK FREQUENCY RANGE 

340 to 380 KHz 

200 to 230 KHz 

Other than the differences described above, both chips are functionally 

identical. 

The CPU is a highly intelligent, bit serial, low power, psuedo non­

volatile CMOS processor. 

All instructions and address communicate via a bit serial. bidirectional. 

ISA.line. The ISA is divided into 56 bit words each having 16 bits 

of address and 10 bits of instruction. This allows a maximum of 64K 

addressable ROM locations. The address is transmitted from bit time 

T14 to bit time T29 with the LSB ant T14. Instructions.are transmitted 

at bit time T44 to bit time T53 with LSB at T44. Data may be trans­

ferred (to data storage chips, peripheral equipment, display drivers, 

·etc.) via the bidirectional DATA line. Data, in the form of digits, 

is transferred in bit serial form with 14 digits transferred per word 

time~ 

Mo:m I sri. NO SEE TABLE . 
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For timing diagram refer to the electrical specifications. 

The CPU also controls keyboard scanning, flags in/out and clock 

generation. 

II. INSTRUCTIONS 

2.1 The instruction set is divided into 4 categories based on bit patterns 

of the first two bits of the instruction. 

TYPE 0 INSTRUCTIONS 

There are 16 groups of instructions in this category. Each group 

has 16 available instructions. In essence, this.category provides 

256 instructions for such things as pointers, status bits, data 

storage manipulations and any other non-branch (or jump) non­

arithmetic instructions. 

TYPE 1 INSTRUCTIONS 

These are two word time JUMP instructions that may jump any\.,here 

within 64K of ROM. During the first \'Iord bits 0-7 of the address 

are transfered, the second word transfers· bits 8~15. Decisions 

to JU:~P are based on the state of the carry FF • 

.. ..,::1. I STI: NO SEE TABLE 
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TYPE 2 INSTRUCTIONS 

This is the arithmetic category with 32 possible instructions. All 

arithmetic operations are performed on the field defined by TIME 

ENABLE "TE" 

TYPE 3 INSTRUCTIONS 

This defines a one word branch instruction \'Ihich may reach to any\,/here 

within +64 locations relative to the program counter. Decisions 

to branch are dependent of the state of the carry FF. 

.. :I:,. I Sfl "0 SEE TABLE 
DETAILED DESCRIPTION CPU 
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TYPE 00 I :-ISTRUCT I O~IS 

19 18 17 16 15 14 13 12 11 10 

~tOO I FI ER GROUP o a 
MASH 

19 18 17 16 15 14 13 12 MNEHONICS . 
i~OP 0 0 0 0 0 0 0 0 

T STATUS BIT "0" X X X X 0 0 0 1 So=o \'1here 0 is bit 

1 1 1 0 0 0 1 CLR ST 

X X X X 0 0 1 0 SO=l where 0 is bit 

RESET KBF 1 1 1 1 0 0 1 0 RST KB 

F STATUS BIT "0"=1 X X X X 0 0 1 1 ?50=1 where 0 is bit 

1 1 1 0 0 1 1 CHK KB 

N N N N 0 1 0 0 LC 

F POINTER "P" OR "Q" AT "0" X X X X 0 1 0 1 ?PT= 

DECREHE~T POINTER 1 1 1 1 0 1 0 1 DEC PT 

C~G (P, p+1) 0 0 0 1 0 1 1 0 G=C 

G·C (P,P+l) 0 0 1 0 0 1 1 0 C=G 

C-G (P, p+l) 0 0 . 1 1 0 1 1 0 CG EX 

C:'I'1 (W) 0 1 0 0 1 a M=C 

11~ (~~) 0 1 1 0 0 1 1 0 C=:1 

C-:1 (W) 0 1 1 1 0 1 1 0 CH EX or r~c EX 

SB-F (W) 1 0 0 1 0 1 1 0 F=SB 

F-SB (W) 1 0 1 0 0 1 0 SB=F 

SB-F (W) 1 0 1 1 0 1 1 0 FEXSB 

c-sa (DIGITS 0,1) 1 1 0 1 0 1 1 0 ST =C 

SB~C (DIGITS O,l) 1 1 1 0 0 1 1 0 C =ST 

B (DIGITS 0,1) 1 1 1 1 0 1 0 CST EX 

SET POUlTER "P" OR "Q" AT "0" 0 0 0 0 0 1 1 PT=O 

I~ICRGIEiIT POINTER 1 1 1 1 0 1 I~lC PT 

POP JSB 0 0 0 0 1 0 0 0 SPOP~lD 

P~1O OFF 0 0 0 1 1 0 0 0 POWOFF 

SELECT POINTE~ "P" 0 0 1 0 1 0-0 0 SEL P 

SELECT POI~TER "Q" 0 0 1 0 0 a SEL Q 

.. 001l ~,~ ... 0 SEE TABLE 

DETAILED DESCRI?TrO~ 
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TYPE 00 INSTRUCTIO~S CO~T'O 

IF P = Q 
19 

a 
CLEAR ALL REGISTORS {A,B, & C} a 
C-Rml a 

KEYS·C 1 

SET HEX 
SET DEC 
DISPLAY OFF 
DISPLAY TOGGLE 
RETURN ON "CARRY" 
RETURN ON "NO CARRY" 
RETURN 
PERI [N] (N=Q-15) 
C DATA [N] (N=O 15) 
IF FLAG N = 1 {N=O)-13 
C .. N 

C-N 

PUSH C 
POP-C 

KEY"'Ror~ 

C ADDR~SS 
CLEAR DATA REGISTORS 
C .. DATA 

C-ISA 
1:+A C 
If 
C.A-C 
DATA "1: 

OAT~ [N] C (N=l-lS) 
ROTATE "C~ RIGHT 0 DIGITS 
LLO 
LDI 

1 

1 

1 

1 

1 

1 

1 

N 

N 

N 

a 
a 
a 
o 
a 
1 

1 

1 

1 

1 

1 

1 

o 
N 

o 
a 
a 

18 17 16 

100 
1 1 a 
111 
a a a 
o 0 1 

010 
o 1 1 

1 0 0 

1 0 1 

1 1 0 

111 

N N N 
N N N 
N N N 
o 0 1 

P 1 0 

o 1 1 

1 0 1 

1 1 0 

000 

001 

010 
o 1 1 

1 0 0 

1 0 1 

1 1 0 

a a 0 

N N N 
ODD 
1 0 1 

100 

.. COli 

15 14 13 

1 a 0 

1 0 0 

1 0 0 

1 a 0 
1 0 0 

1 0 0 

1 0 0 

1 0 0 

1 0 0 

1 0 0 

1 a 0 

1 0 0 

1 0 1 

1 0 1 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 a 
1 1 a 
1 1 a 
1 1 a 
1 1 0 

1 1 1 

1 1 1 

111 
10 0 

1 1 a 

12 MNEHONICS 
a ?P=Q 
o ClRABC 
o GOTOC 
a C:: KEYS 
o SETHEX 
o SETDEC 
o OISOFF 
o DISTOG 
o RTN C 
a RTN NC 
o RTN 
1 SElPRF 
o REG N::C 
1 ?FN=l 
o ~=C 

o C = N 

o CN EX or NC EX 
o STK = C 

o C:: STK 
o GOKEYS 
o DADO:: C 

o 
o DATA::: C 
o CXISA 
o C:: CORA 
o C:: C.A 

o C:: DATA 
o C = REGN 
1 RCRO where 0 is digit 
o LOW LEVEL DETECT 

a LOAD INMEDIATE 

I \: ... 0 SEE TABLE 
I I 
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1. Use Table 1 to select correct codes for D. 

2. PO\~OFF is a two byte instruction, Byte #2 = 0000. 

*3. Cannot be used immediately after an arithmetic (type 2) instruction. 

TABLE I 

Digit position and N for the pointer and status bits are related as follows; 
to Set or Test the "P" and "Q" pointers at digit 0; use code N to Set. Reset 

or Test the status bits 0; use code N 

0 CODE N 

0 E - 1 1 1 0 

1 C - 1 1 o 0 

2 8 - 1 000 

3 o - o 0 0 a 
4 1 - 000 1 

5 2 - 001 0 

6 5 - o 1 a 1 

7 A - 101 0 

8 4 - 0 1 0 0 

9 9 - 100 1 

10 3 - 001 1 

11 6-0110 

12 o - 1 1 0 1 

13 B - 101 1 

F - 1 1 1 1 

Illegal 7 - a 1 1 1 

I I 
I I 

t--f-----i----------~ ":::1. I SIl NO SEE TAI3LE ' 
r---------------------L~~~~~~~------------

I I DETAILED DESCRIPTION CPU 
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TYPE 10 (2) INSTRUCTIONS 
ARITH~'ATIC INSTRUCTIO~S 

19 18 17 16 15 14 13 12 11 10 

OP CODE TIl>1E ENABLE 1 0 

MASM TU.,E ENABLE 
19 18 17 16 15 MNEMO~ICS 14 13 12 

a A 0 0 0 0 0 A=O 0 0 0 on pointer P 

0 B 0 0 0 0 1 8=0 0 0 1 exp & sign .-:X 

0 C 0 0 0 1 0 c=o 0 1 o word thr~ PTR W 
A B 0 0 0 1 .. 1 AB EX or BA EX 0 1 1 whole word W 

A B 0 0 1 0 0 B=A 1 0 o PTR P thru Q PO 
A C 0 0 1 0 1 ACEX or CA EX 1 0 1 exp sign X 
B C 0 0 1 1 0 C=B 1 1 o mantissa only M 
B C 0 0 1 1 1 BC EX or CB EX 1 1 1 mantissa sign S 
C A 0 1 0 0 0 A=C 
A +B A 0 1 0 0 1 A=A+B 
A+C A 0 1 0 1 0 A=A+C 
A+1 A 0 1 0 1 1 A=A+1 

. A-B A 0 1 1 0 0 A=A-B 
A-l A 0 1 1 0 1 A=A-l 
A-C A 0 1 1 1 0 A=A-C 
C+C C 0 1 1 1 1 C=C+C 
A+C C 1 0 0 0 0 C=A+C 
C+1 C 1 0 0 0 1 C=C+1 
A-C C 1 0 0 1 0 C=A-C 
C-1 C 1 0 0 1 1 C=C-1 
O-C C 1 0 1 0 0 C= -C 
-l-C C 1 0 1 0 1 C=-C-1 
IF B 0 1 0 1 1 0 ? B 0 
IF C 0 1 0 1 1 1 ? C 0 

. ""COil Isa .. 0 SEE TABLE 
I DETAILED DESCRIPTI0~ - CPU 
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TYPE 10 (2) INSTRUCTIONS CONT'D 

19 18 17 16 15 r4NEMONICS 14 13 12 

IF A C 1 1 0 0 0 7 A C 

IF A B 1 1 0 0 1 ? A B 

IF A 0 1 1 0 1 0 ? A 0 

IF A C 1 1 0 1 1 ? A C 

SRA 
SRB 
SRC 
SLA 

1 1 1 0 0 A SR 
1 1 1 0 1 B SR 
1 1 1 1 0 C SR 
1 1 1 1 1 A SL 

ADDRESSING 

The address field (of ISA) is 16 bits long giving a maximum addressable 
system of 64K words. Return addresses, for BRA~ICH and JU:.,P SUB instructions, 
are stored in a 4 deep by 16 bit wide register STACK which operates on a first 
in last out principal. 

There is a one word relative branch that can reach 64 locations relative to 
the program counter. There is also a two word absolute JUMP that can reach 
any place in 64K of ROM. All branches and jumps are conditional and depend on the 
state of the carry f1 ip-flop. Branches and jumps can be "if carry" or "if no 
carry" . 

TYPE 3 BRANCH INSTRUCTIONS 

. BRH C ADDRESS (branch on carry to address) 

19 12 
2~s compl. C/NC 

·11 10 
1 1 

One word branch instruction that will cause a branch to +63, -64 locations 
relative to the program counter if the carry flip flop has been set by 
an arithmetic or a "compare" instruction. 

~OOH I u~ .. o SEE TABLE 
t---;----t------t-------I OET A! LED OESeR I PT i O:j - C?U 
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TYPE 3 BRANCH INSTRUCTIONS CONT'D 

If the carry flip flop has not been set, the branch is not taken, and the 

instruction following the branch is executed. The 2's complement number is 

added to the address produc1rii the new address. BRN NC ADDRESS (branch 

on no carry to address) 
Same as above except branch is taken if carry f1 ip flop has not been set. 

TYPE 1 ADDRESS INSTRUCTIONS 
JUMP INSTRUCTIONS 19 

Bits 0-7 of 16 bit address 
11 10 
o 1 

Bits 8-15 of 16 bit address CINC 
JMP C ADDRESS (jump on carry to address) 

Two word jump instruction that will cause an absolute jump to anywhere 
in 64K of ROM if the carry flip flop has been set by an arithmetic or a 
"compare" instruction. If the carry flip flop has not been set, the 
jump is not taken and the instruction following the jump is executed. 
This instruction does not affect the address stack. During execution of 
the second word sync is suppressed. 

. JUMP SUB INSTRUCTION 19 11 10 

Bits 0-7 of lt bit address 0 1 

Bits 8-15 of 16 bit address 0 CINC 
JSB C ADDRESS (jump sub on carry to address) 
Two word jump-sub instruction to anywhere in 64K or ROM if the carry 
flip flop has been set by an arithmetic or a "compare" instr~ctfon. If 
the carry flip flop has not been set, the JSB i~ not execu~ed and the 
instruction following the JSB is executed. This. instruction will push the 
program counter onto the return address stack. During execution of the 
second word sync is suooressed. 

,.COIt 
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JSB NC ADDRESS (jump sub on no carry to ADDRESS) 

Same as stated before except JSB is executed if carry flip flop has not 
been set. 

III HARDWARE RESET 

The lLF5 incorporates circuitry to sense when the por input and either the 
key connecting key column 0 (KC~) to key row input 3 (KR3) or the key 
connecting KC4 to KR3 are both active. If these conditions are met the 
reset flip-flop within the CPU will be set, forCing the PWD output to the 
active state; the clocks to stop. etc. If the display is off when the 
reset circuitry is activated, the CPU will, following the reset, wake 
up with the carry set - i.e. from the deep sleep state, if the display 
was on when the reset occurred, the CPU will go into deep sleep following 
the reset. The metal mask for the IC can be easily modified to select 
KCD .AND. KR4 rather than_ .KCO~ AND. KR3, or to remove the reset functi on. 

"COil I \· ... 0 SFF TMLL 
DET,\ILE!) DESCRrprrl)~1 - CPIJ 
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IV. RETURN INSTRUCTIONS 

RETURN (return from sub routine) 

When this instruction is executed, the bit return address in the stack 

drops into the program counter and the program execution begins at that point. 

Note that a "NOP" at the beginning of a subroutine or a ROM not installed 

wi 11 cause a "RETURN". 

RETURN C (return on carry) 

This instruction follows an arithmetic or a "compare" instruction. 

If the carry FF has set, the program returns from subroutine uaing the 

\ first 16 L bit return address in the stack. Otherwise the return C is skipped 

and the following instruction is executed. 

RETURN NC (return on no carry) 

Same as above execept the RETURN is executed if the FF has not been set. 

V. ADDITIONAL ADDRESS AND STACK MODIFIERS 

KEYS ~ ROM ADDRESS 

The eight-bit key code is used as the address for the next instruction 

in the current 256 word stack of ROM. The key code gets substituted into 

the least significant a-bits of the program counter. 

C ~ROM ADDRESS 

Digits 3 and 4 of the C register are put'into the least significant 

eight bits of program counter. 

POP 

Subroutine stack is popped once without brahching to return address. 

"OO~" I S'" NO. 

DETAILED DESCRIPTION CPU 
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PUSH ~ C 

Digits 3. 4. 5. & 6 of Reg. C are p~shed onto the subroutine stack. 

The program counter is incremented as usual. 

POP ~ C 

The subroutine stack is popped with the lower address on the stack g6ing 

into digits 3. 4. 5. & 6 or register C. The program counter is incremented 

as usual. The other digits of the C-register remain unchanged. 

VI. If INSTRlICTIONS 

"I 'C 

• ., 0-27 •• 

The IF instruction is a one word test that causes the carry FF to be set, 

if the test is true. or reset if the test is false. The IF 

instruction will be followed by a BRAr~CH, JUMP. JUMP-SUB or a conditional 

RETURN instruction which follows for branching (or RETURUS) depending on 

the state of the carry FF. 

The instructions are: 

IF FLAG N =1 

IF POINTER "P" = POINTER "Q" 

IF POINTER = N(N=O~13) 

IF STATUS BIT N=1 (N=O,l13) 

IF Clo' 

IF B;tO 

IF AJl(} 

IF A¥C 

IF A<CB 

IF A<C 

"oo~" ,II NO. 

DETAILED DESCRIPTION CPU 
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The carry FF, when set by an FF instruction, will remain set for one 

word time and then be reset. The carry FF is always reset during non-arithmetic 

instructions. 

VII. PROCESSOR REGISTER 

The major registers in the CPU are the A, Band C registers which 

comprise thr working registers. 

In addition there two memory registers, M and N.These are 14 digit 

register that can be copyed into or exchanged with the C register.There is no 

arithmetic capability with the M and N registers. 

The registers are organized into different time enable fields to 

allow manipulation of different fields within the r.egtster. 

~1ANTISSA SIGN 

~ 
EXP SIGN 

J 
iHANTISSA 

Digits 0 and 1 are the exponent. Digit 2 is the exponent sign. 

Digits 3-12 comprise the mantissa. Digit 13 is the mantissa sign. 

The following instructions manipulate the five registers on the CPU. 

These are in addition to the arithmetic instructions. 

CLEAR REGISTERS 

Clears A, Band C registers. Does not clear M~r N. 

M/N EXCHANGE C 

EXchanges contents of M and N with contents of C. All 14 

I SI". NO 

DETAILED DESCRIPTION CPU 
TOM REVERE DAII 7/14/81 
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di gits. 

MIN t C 

Copies contents of M or N into C. 

C ~VN 

Copies contents of C into M or N. 

RCR D 

Rotate C right the amount the of digits specified by D. Left rotate 

may be accomplished by specifying 0 equal to 14 minus the number of left 

shift. 

VIII. ARITHMETIC INSTRUCTIONS 

A~ithmetic instructions use registers A, Band C as sources and registers 

A and C as destinations fir the data. In each arithmetic instruction, there 

is a TIME ENABLE field that spe~ifies the part of the registers (digits) 

to be operated on. Sums, differences, complements and shifts can be performed 

on different fields of the registers as defined by TIME ENABLE. 

'The following are the TIME ENABLE fields: ~antissa sign 

I l~lantissa' I Exp sign I Exp r 

On pointer PT 

Pointer P thru pointer Q PQ 

Exponent sign only XS 

Exponent and sign X 

Mantissa sign S 

Nantissa only t4 
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Whole word W 

Word through pointer WPT 

The 32 arithmetit instructions are: 

~ ::, A [TE1 

The TE field in the A register is reset to zeros. 

~ ~ B [TE] 

The TE field in the B register is reset to zeros. 

~ ~ C [TE] 

The TE field in the C register is reset to zeros. 

A~ B [TE] 

The TE fields are exchanged between the A & B registers. 

A~C [TE] 

The TE fields are exchanged between the A & C registers. 

BP>C [TE] 

The TE·fields are exchanged between the B & C registers. 

A ~ B [TE] 

The TE field in register A is loaded into register B. 

C ~ A [TE] 

The TE field in register C is .loaded into register A. 

B 7' C [TE] 

The TE field in register B is loaded into register C. 

A + B ~ A [TE] 

Sums the TE fields of A and B and puts result into A. 

A + C oJ' A [TE] 

Sums the TE fields of A and C and puts result into A. 
.. 0011 I 5111 NO 
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A + C ~ c [TE] 

Sums the TE fields of A and C and puts result into C. 

C + C ~ C [TE] 

Doubles the contents of the TE field in register C. 

A + 1- ~ A [TE] 

Increments the TE field of A. 

C + 1 + C [TE] 

Increments the TE field of C. 

A - B ~ A [TE] 

Subtracts the TE field B f-rom A and puts re~ults in A~ 

A - C ~"C [TE] 

Subtracts the TE field of C from A and puts result in C. 

A - C :,"A [TE] 

Subtracts the TE field of C from A and puts results in A~ 

A-I ~ A [TE] 

Decrements the TE field in register A. 

C - 1 ~"C [TE] 

Decrements the TE field in register C. 

o - C ~ C [TEl 

Forms 10's complement in DEC mode (16's in HEXf10DE), in TE 

field of C. 

o - C - 1 7 C [TE] 

Forms 9's complement of DEC mode (15's in HEX,,,ODE), in TE 

field of C. 

.. OOIl TSTl NO 
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SLA [TE] 

Shift the TE field in register A left by one digit.(O's shifted 

into end. 

SRA [TE] 

Shift the TE field in register A right by one digit. (O's shifted 

into end. 

SRB [TE] 

Shift the TE field in register 8 right by one digit. (O's 

shifted end. 

SRC [TE] 

Shift the TE field in register C right by one digit. (O's 

shifted into end. 

IX. IF INSTRIJCTIONS; ( also arithmetic) 

The if. instructions are followed by a branch, jump or return on carry 

or a brahch, jump of return on no carry instruction. 

The sense of the IF instruction used is decided by which kind of conditional 

branch, jump or return follows it. 

IF 810 [TE] 

If the TE portion of 8 is not equal to zero, the carfy FF is set. 

IFCIO [TE] 

If the TE portion of C is not equal to zero, the carry FF is set. 

IFAIO [T~] 

If the TE portion of A is not equal to zero, the carry FF is'·set. 

MODIC'· I SIll NO. 
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IF A C [TE] 

If the TE portion of A is less than C, the carry FF is set. 

IF A S [TE] . 
If the TE portion of A is less than S, the carry FF is set. 

IF A'I C [TE] 

If the TE portion of A is not equal to C, the carry FF is set. 

X. DECIMAL and HEXADECIMAL ~~DES 

There is a HEXIDECIMAL/DECIMAL flip flop which determines the mode 

of arithmetic operations. "Two instructions set the FF to its two states. 

DECIMAL-Sets the FF enable decimal calculations. 

HEXADE~I~~L-Sets the FF to enable hexadecimal calculations. The carry 

(borrow) bit is associated with the TE field operated on by the arithmetic 

instruction. A carry is generated if the most significant digit of the TE 

field goes fro~ 9 to 0 in the DECIMAL mode of from 15 to 0 in" the HEXADECIMAL 

mode after an addition. A borrow is generated if the most significant digit 

in the TE field goes from 0 to 9 in the DECIMAL mode or from 0 to 15 in thJe 

HEXADECIMAL mode after a subtraction. 

NOTE: If a register transfer, shift, rotate, "and" or "or" instruction is 

made in the decimal mode, the CPU operates in HEXADECIr~L mode long enough 

to make the transfer and then shifts back to DEClMAL.I~ this manner, non BCD 

digits are not destroyed during a register transfer. 

XI. Other instructions 
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AND 

Register A is "ANDED" to C with the result in register C. This instruttion 

operates on the whole word. 

OR 

Register A is "ORED"to register C with the result in register C. This 

instruction operates the whole word. 

CXISA (C exchange ISA) 

This is a two word time instruction that provides for reading ROM 

instructions and for pitting them into the "c" register. 

Doring the first word after CXISA is issued the ROil address residing in 

digits 3, 4, 5 and 6 of the C register is output; the instruction at its 

referenced ROM location is now read back.Nate that SYNC is suppressed during 

this word time. 

During the second word time the instruction is loaded into digits ~, 1 

and 2 of the register C. 

X I!. KEYBOARD 

The key code matrix consists of 7 column lines and 9 row lines. The 

columns are scanned one at a time from digit time ~ to digit time 6. when a 

key js pressed the keyboard flag is set and the 4 bit row and column codes 

are stored in the keyboard buffer. When this code is called for, by a 

KEYS~Ror~ or KEYS~ the codes are sent out at digit times 3(row) and 4 column. 

For codes use Table 1. 

-+-----J.-----+-----~ MOOn· I III ':'0 
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Keyboard instructions: 

CHK KB 

Checks to see if the keyboard F~AG is set; if so, the carry FF is set. 

If the keyboard FLAG has been re~et, then this instruction must be given 

before the FLAG can be set by a new closure. 

RST KB 

Resets the keyboard FLAG if the key has been released. If the key is 

still down at the time this instruction is issued, the bit cannot be reset. 

KEYS~C 

The keyboar8 buffer is loaded into digits 3 & 4 of the C register. 

KEYS~Rm1 

The keyboard buffer is loaded into the least significant bits of the 

program counter. 

TYPICAL KEY CHECK PROGRAM 
I 

V' 
I~ CHK KB lila i t for fl ag 

- BRN NC 

NOTE: This program 

provides the capabiltty 

'- DEBOUNCE I Soft\'Iare debounce 

'-"f----KeyS~ROm 

ofa two key rollover. 

, r----..... ·Return 

, 
---T RST KB 

I DEBOUNCE I Software deboance 

CHK KB 

'- BRH C 
I 
,~ 

MOOn.. I s,~ NO 
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-
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"0 

C REG DIGIT--} 4 3 

I TIME COLUMN ROW 

1 DO KeD OO_~____ KR0-0000-

--- .~~--.- -_._--- ~~ ~~~ ~ ~:~ ~~~~ 
-103------ -'Kc-j-l-ooo--"-'---" --KR-j-oOll 

04 KC4 1100 KR4 0100 

05 KC5 1110 KR5 0101 

__ ~D~6 ________ ~_K~C~6~11~1~1 ______ ~K~R~6_0~1~1~0 __ 

KR7 0111 

POR 1000 

When a key is depressed the row and column line are stored in the 

keyboard buffer and the key flag is set. 

""'0""0 D"f( 

'l·"·~"'" 

. 
.. 001l 

.. 
""0 

KEYBOARD CODES 

TABLE 1 

I ~, . NO 
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, 

FLAG = 0 
KEYBOARD 

. ENABLED , 
\. 1 -"----- .' 

J KEY DOWN 

(LAG = 1 
2 

KEYBOARD SCANNER 
STATE DIAGRAM 

nCHK KB" 

FLAG = ~ 
3 

("RST KB") AND (KEY CODE KEY NOT DOWN) AND 
(TWO KEYS ON SAME COLUMN ARE DOWN) 

wOOll sn NO. 
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XIII. POINTER OPERATIONi 

The processor has two pointers (p and Q), each of which can be shifted, 

initialized and tested. A pointer select is used that determines which of 

the two pointers will be operated on- the pointer operations. once a pointer 

is selected all operations will be on that pointer until the other pointer 

is selected. 

The following instructions are used for pointer operations: 

SELECT POI~TER P 

After giving this command, all pointer operations will be on pointer P 

until pointer Q is selected. 

SELeCT POINTER Q 

After giving thi~ command, all pointer operations will be on painter Q 

until pointer P is selected. 

LOAD CONSTANT N 

Loads a constant character (N) into the pointer position of the C 

register. The pointer is decremented by one position. 

IF POINTER IIp lt OR ItQIt=N (If pointer at N) 

A conditional branch instruction follows this instruction. 

The carry FF is set if the selected pointer is positioned at digit N. 

(N=0 13) The poiriter used is the pointer tHat was last selected. 

IF P+Q (If pointer P = pointer Q) 

A conditional branch, jump or return follows this instruction.If 

pointer P is equal to pointer Q set the carry FF. 

Mooh .. I SII NO 
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PT=N 

Sets selected pointer to N (N=0-13), uses last pointer selected. 

DEC PT 

Decrements pointer, if at digit 0 the pointer will wrap around to 

digit 13. Use' last pointer select~d. 

INC PT 

Increments pointer, if at digit 13 the pointer will wrap around to 

digit ~. Uses last pointer selected. 

XIV. USE OF POHITERS FOR TIME ENABLE 

The pointer tim~ enable field is poi~ter P~ pointer Q. 

POINTER P THROUGH POINTER Q 

(A) If pointer Q is to the left of pointer P, then time enable is 

from pointer P through pointer Q with the carry out being fron pointer Q 

position. 

(B) If pointer P is to the left of pointer Q, then the time enable is 

between pointer P and the left end of the register; (digit 13) with the 

carry out from the left end of the register. 

(C) If pointers aTe at the same position, pointer operation is on that. 

digit. 

ON POINTER 

All operations are performed on digit position indicated by pointer. 

WORD THRU POINTER 

The time enable is from the beginning of word thru the selected pointer 

with the carry out from the pointer position. 

.. oDh .. I Sll NO 
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xv. STATUS BITS 

There is a 14 bit status register that privides 14 bits for the 

programmer to store additional information. 

Bits 0 through 7 can be transferred to or from digits ~ and 1 of the 

C-register or the output flag register. 

The following instructions will test and manipulate the status bits: 

SET STATUS N 

Causes status bit N to be set to "1". 

RESET STATUS N 

Causes status bit N to be ~eset to"~~ 

CLEAR STATUS 

Clears 8 of the 14 status bits. (Bits ~-7). 

IF S8 il =1 (If status bit N to 1) 

A conditional branch, jump or return instruction·follows this 

instruction. The carry FF is set if status bit N is set or equal to 

1. (N ~~13) 

C~ Status 

Status bits 0-7 are exchanged with the C regieter at digits 0,1. 

C ~ STATUS 

Oigits 0 and 1 of the C register is transferred into status bits ~-7 

of the status register. 

STATUS ~ C 

Status bits 0-7 are moved into digits 0 and 1, of the C register. 

.. ooh .. I SII NO 
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XVI. G - REGISTER 

There is an 8 bit G-register that communicates with the C-register. 

Instructions are as follows: 

G is copies into the current pointer and pointer + 1 locations 

in the C-register. 

The current pointer and pointer + locations of the C-register 

are copied into the G-register. 

The current pointer and pointer +1 locations of the C~register 

are exchanged with the G-register. 

NOTE: 

If the se1ecter pointer is positioned at digit 13, then C register 

digits 0 and 13 will be used. 

XVII. DATA STORAGE 

The following instructions operate on the data storage registers; 

CLEAR DATA REGISTERS 

Clears all 16 data storage registers on selected chip. Some 

chips ignore this instruction, i.e. Sleeper chip. 

t--t-----I------+-------l "oo~" J SIC NO 
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C~DATA ADDRESS 

Digit 0 in C-register is used to select a specific data register 

and digit 1 is used to select a reglster chip if more than one 

is used in the system. The register remains selected until unselected 

by a REGN~C or C~REGn or anot!1er C~DATA ADDRESS instruction. 

C~DATA 

The contents of register C are loaded into the data register 

on the selected chip selected by the previous REGN~, wREGN, or 

~DATA ADDRESS instruction. 

DATAjC 

The contents of the data register on the selected chip selected 

by the previous REG~~C, C~REGtl or DATA ADDRESS instruction gets 

loaded into register C. 

REGf.J)C 

The contents of data register N on the selected chip are loaded 

into C. N can be from 1~15. 

C~REGN 

The contents of register C are loaded into data register N 

on the selected chip. N can be from ~ + 15. 

I STI NO 
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NOTE: 

All of these instructions are at least partially implemented 

in the data storage chip used, and are therefore subject to change 

or 6ther uses without affecting the NUT CPU chip. 

XVIII. INPUTS, OUTPUTS AND PERIPHERALS 

The NUT CPU has capability for seventeen flag inputs and eight flag 

outputs to allow increased interfacin9 to switches, lamp drivers, etc. 

In addition, there is a PWO output that tells the other chips to 

wakeup or go to sleep. 

There is also capability to turn over control to 16 different 'smart' 

peripherals. 

FLAG ItIPUT 

There is a single F1a~ Input line whose state during each of the 

14 digit times represent one of the 14 Input Flags. This line is tested 

during the "IF FLAG W instruction and result is true, if the FI line 

is LOW during and 01 clock of the digit time N. The flags are not stored 

by the hardware. The flag in line is pulled high by the CPU when open. 

A flag input can be realized by making connection between one or 

more of the seven column lines of the keyboard scanner (KCO-KC6) and the 

FLGIN (FI) port, or with a switch, a transmission gate or a negative pulse 

at the appropriate digit time between digits 0-13. The input flags are· 

MOO'fl·. I SIC NO 
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XIX 
." 

PC NO 

not stored and cannot be reset from the CPU. The flag resets as soon 

as the input stimulus ceases. The true states of the KCO-5 lines and Fl 

inPl!t port are "0:" or 10\'1. During P~IOF KC~-6 are all in the low state. 

FLAG OUTPUTS 

':A Flag output can be realized by controlling a transfster driver. 

transmission gate, etc. beb/een one or more of the seven column lines 

of the keyboard scanner KC0-KC6 and the FLGOUT (FO) Port. 

The peripheral being driven has to look for the output flag during 

the time the appropriate column line is being scanned. If all flags 

are either high or low the flag output line will be either high or low 

for the entire word time. 

INSTRUCTIONS 

FOXSB 

Exchange flag out register with bits 0-7 or status register. 

FOjSB 

Copy flag out register into bits 0-7 of status register. 

SB7FO 

Copy bits 0-7 of status register into flag out register. 

PHO OUTPUT 

The PWO output is a control to tell the chips in the system to power 

on or off. When PHO is high, the chips connected to the Pl~O 1 i ne are on. 
. 
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\~hen PWO is low, the external chips are off, the CPU clocks turn 

off and Sync pulses stop. ( If in the FFLY MODE then a one bit pulse will 

be ~utput at every T55 time on the Sync line, if in the NUT mode the Sync 

output will equal the DPWO Input. If the PHO line is forced 1ciw during 

any 0 pulse the chip will immediately power off, all clocks will stop, 

and the timing circuits will reset to their off status. This feature 

is provided to allow a hardware shut down. 

PWO LINE: 

PWOF (Pm'ler Off) 

The end of the next T53 time after this instruction marks the 

time when PWO goes low and turns off the external chips, as well 

as the greater portion of the CPU. The keyboard lines (KC0-KC6) 

all go to their true state. NOTE: That the clocks stop at T55 time. 

Refer to Fig. 2. 

P~IOF is a two byte instruction the second byte is sync will be 

present during the second byte. 

DP~1O INPUT 

Holding this line high allows the processor to wake up (assumes 

a PWOF was previously issued) in response to any key closure of 

the pulling of ISA line high. 

If DP\~O is low (and the CPU has received a PloJOF instruction) 

the only way to start operation again is to bring POR input low, 
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NO 

or ISA high; this will cause PWO to go high at the next T54 time. 

Note the clocks start at T52. Refer to Fig. 2. 

If the DP~JO line goes low at any time, then the carry FF will 

be ~et during the next work time. 

paR ItiPUT 

If the paR input goes low (when the CPU has previously powered 

down) the CPU wakes up, setting the P~IO line high at the next T54 

time and waking up the other chips. The system powers up at ~OM 

location 0~0 and does a wake routine. (Operation is the same for 

OPWO low). Note that the clock start at T52 time. 

The paR input is also a key row 1 i ne with row code =1000.' 
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NUT POWER OFF 

SYNC n~ __ ~r1 ________________ __ 
PWO 

I '---------_._--------
~ O-lOMINSEE 
~DISPLAY DRIVER SPEC DPWO -_ ... --...... -_ .. _-.---.-

(FROM DISPLAY) 

-11 

I 
VCI ----------------------, 

1 ___ -

VCO 
(TYPICAL) 

wooh . . . 

If 

I--i-------+-----f-----:---i ."D. .tI r C .. 0 0&11 

1'..,1' .ON' 'JO
,'" DI S 

."e:..".. .'0 .. -I: ...... O-JO'!)6., 
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. TOM REVERE 0&11 7/14/81 

-1"'111 "0 35 or 42 
o-c; NO A-llF 5-900?-1 



h' E W L £ TT- PAC KA RD CO. J1~' IJlJ 
~ 'IS) 'IS) r r < - < < ::c N - n n - ~ ~ 0 n ..... n n t.n ~ 0 N - 0 -< n - :t» - ~ I 

0 ;c ..... - 1 
-< ....., 
~ 

I 
• - ~ 

I 
i 

\ 
l ~ r 

I 

I 
I \ ....... I 
I 

I I 

I i I , 

~ 
" I \ 

:t» 1-' " I I 

C, t::::; ~- ::z 

~ 
-< -' c: I ;Q 

, 
0 

I ::z -- i 
~ 

,." 

;c ; 
R i .......... :t» I l- Ie ::z I 

I - 0 

I I I r:=,' 0 

< 3: 

I .. -. I 

• '-I c; 
I 

~ k::: I . 2 ~ 

I ,e::::: ,." 

J C:J I c:: , . 
~ ,_,- ~, I 

L ~J ,-- I ::z -' ~ c:: ''--, I ..... -- --, 2: = - '-c: 3: 

~ 
0 
0 

CJ ,:::j 
,." 

.--/ ..... 
i----I -.I ,." 

~~ 
'-I t.n 

~ C, ..... 
L.-J r-

0, 

,." ,." 

~ I ..... ..... n n 
----

..... 
U'I I U'I 

• : ., 

j 
- I 

! 
I 

..... 
0 I 

I • 

wODn, 1 '" NO 

DETAILED DESCRIPTION CPII 

If TOM REVERE 04U 71.l41Rl 
• "D , .... , NO- 36 o • 42 

III pc NO .A·"OWID 0411 

11",\'0'" \U·/HI Dn o-c; NO A-lLFS-9002-1 
.J10"'I'.. .'O--'-LY 0-)0::), ... 



I" .c 

HEWLETT-PACKARD CO. 

HARDWARE SHUT DOWN TIMING 

01 ------____ ~n~____~n~ ______________ __ 
.,2 ------__ --'n'-______ _ 
PWO 

SYNC 

l 
u-_~ ~-­
~---

- - - - -

SYNC = DPWO 

The states of Sync and VCI 
after shut down are dependent on the DPWO Input level. 
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VCI 

VCO 

co. ··-lJ-'-----

The VCI and VCO PINS are provided to interface with a power supply. 

When the CPU wishes to wake up it will pull the VCI line HIGH. When 

in NUT MODE the wake up will then wait until VCO is pulled lOH by the 

power supply circuitry indicati~g that VCC has reached the desired level. 

In FFlY mode this function is bypassed, hO\'1ever, VCI will still be active. 

XX.MANAGEMENT OF SMART PERIPHERALS 

.c NO 

A smart peripheral will be a chip with a board processing capability. 

This chip may look like more ROM to the CPU, and it may be given control 

with a subroutine call from the CPU. The subroutine may consist of 

instructions, but will also have a PERI (N) instruction which caused 

the SYNC pulses to cease and the CPU to ignore further instructions. 

The selected peripheral (N) will decode further instructions as well 

as manipulate data for further operations. Note the contents of the 

"C" register is continuously output on the data line except during a 

DATA C instruction. 

Control may be returned to the CPU with any instruction that has 
-

BIT 0=1 which will reinstate the SYNC pulse at the next work time. 

PERIPHERAL INSTRUCTIONS: 19 10 17 16 15 14 13 12 11 10 
IN U N r·d I 0 0 I 0 o I 

PERI N (N=O-15) 

Selects peripheral (to for control, manipulation and/or processing 

of data. -
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IF PFLAGN~l If peripheral flag N~l (N~~-15) 

19 18 17 16 15 14 13 12 11 10 
IN N N N I 0 0 0 0 1 1 r 

Each peripheral may have up to 16 flags that can be tested 

and multiplexed onto the ISA line at time TO. The CPU test this 

flag and sets the carry FF accordingly. This instruction returns 

control to the CPU. 

LOAD CHARACTER 19 11 10 
(8 Bi t Character o X I 

This instruction is used to transmit 8 bit characters (such 

as ASCII) to the selected peripheral. 

If 10=1 control is returned to the CPU. 

19 16 15 14 13 12 11 10 
OATA (Up)C I N 

The data line is read into'the C register. N may be used 

to select a register on the peripheral, or any other data storage 

chip. 

If 10~1 control is returned to the CPU . 
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' JiCi------------------. 
XXI. TEST FACILITIES 

There is a "Test input provided on the CPU that provides two functions: 

(A) If "Test" is driven high when POR is low, then an external 

-clock can drive the CPU through the LC inputs. 

(8) If "Test" is driven high when POR is driven high/low all 

output pins are put in tri-state mode. This allows a test 

CPU to be put in parallel with the tested CPU without opening 

lines. 
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NOTE: This page provides a running history of changes for a multi-page 

drawing which cannot conveniently be re-issued completely after 
each change. When making a change, list for each page all before-
and-after numbers (within reason; use judgement ,. and use 
"extensive" revision note if loss of-past history is tolerable, or 
retype complete page) and associate with each a ,symbol made up of 
the change letter and a serial subscript to appear here and on the 
page involved (there enclosed in a circle, triangle, or other 
attention-getting outline). 
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I. GENERAL DESCRIPTION 

This integrated circuit is an LSI CMOS LCD~driver. It will drive six 
digits of display, each consistinp of a 3 x 6 matrix of segments (see 
fi~ure 1). Thirty-nine of its 57 pads are outputs for display driving. 
It is designed to interface directly with the HP":41Cprocessor. It may 
be daisy chained to configure any length display, although the HP-41C 
is defined with a 12 character, 2 chip display system. 

Broken into blocks (see figure 2), the display driver consists of control 
and timi ng, 1 nstructi on decode, i nterna 1 regi sters, a 'character decode 
ROM, display timing, and display outputs. ~1, ~2, SYNC, and PWO provide 
clocks and synchronization. Instructions are issued from ROt·1 on the ISA 
line, and data to and from the re~isters is transferred via the DATA, DATA 
IN and DATA OUT lines. There are four internal re~isters; the A and B 
re~isters are organized in a 6 x 4 bit array, the C and E reaisters in a 
6 x 1 array. The flip-flops making up the re~isters are pseudo non­
volatile cells which allow retention of data when clocks are stopped. 
The character ROM is addressed by seven bits which orininate from data 
stored in the registers. The ROH outputs seqment inforMation \,/hich is 
stored in three bit recirculatin~ latches connected to the column drivers. 
Display timin~ is initialized by power on and instruction sequences and 
produces the appropriate drive waveforms which, \'/hen ~ated with all p,?ssible 
segment data, create the HP-41C character set (see figure 3). Annunciators 
are controlled independently of the other display characters. Note that 
this circuit is designed expressly to drive the HP-41C display; to make 
use of its annunciator and punctuation control, a non HP-41C display must 
be laid out correctly. 

An internal oscillator circuit, which requires an external capacitor 
allows display while the rest of the system.is dormant. The oscillator, 
in conjunction with internal status and a mask pr09rammable delay, controls 
the state of the DPWO line which 1sused in controllin~ the system power 
modes. Two features included on the chiD but not used by the HP-41C system 
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are a voltage divider to derive the drive voltages for the LCD and a 
temperature compensation circuit that adjusts the duty cycle through 
pulse width modulation of display outputs and. which requires three 

external components. 

II. SIGNALS 

.,. .. ,.., 

2.1 01 and 02 are non-overlapping, positive clock inputs. See the 
electrical specification for timing requirements. At 6 volts, 
this IC will operate typically from 400 KHz to 10 KHz. 

2.2 PWO - The rising edge and high state of PWO initializes the 
master timing and enables the internal clocks, respectively, 
thus synchronizing the display driver with the rest of the system. 
The leading edge must occur during T54 before 01 but after 02. 
See figure 4a. The low state of PWO resets the master timing 
and gates off the internal clocks. If internal status is appropriate 
it turns on the "light sleep" oscillator. The falling edge of 
PWO may occur asynchronously as long as it occurs a minimum of 
two word times after the last display instruction. 

2.3 SYNC is a 10 bit positive pulse expected from the rising edge 
of T44 to the falling edge of T53. See Figure 4a. Sync gates 
the ISA line and its absence causes a NOP to be decoded. This 
signal is us~d by the HP-41C chip set to discriminate a one byte 
instruction from a two byte instruction in which the second byte 
is additional bits of address needed to complete a long jump. 

2.4 DATA is a bidirectional system line over which the majority of 
data transfer takes place. In the HP-41C system, the CPU drives 
the data line by outputting its C-register at all times except 
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those word times when a type XX70a instruction is in effect. Du~ing 

XX70S instructions some enabled device--a data storage chip (Pam) 
display driver, card reader chip, etc.--will take control of the 
data line and output data appropriate to the XX?OS instruction 
issued. This data is written into the CPU's C-register. 

On the display driver, DATA is connected to the system data line 
and is used to input its peripheral address (see figure 4b) and 
to compare against two other lines--DATA IN and DATA OUT--to 
determine its position in a string of display drivers. On the displa 
driver, DATA has no output capability. 

2.S DATA IN and DATA OUT are bidirectional lines that the display driver 
uses to transmit and receive data. The display driver responds to 37 
instructions, 33 of which cause the input.or output of data. This 
data is either buffered in or read from the internal registers. 

A'"O\lIO 

The 33 read/write instruction specify the direction of information 
flow which determines DATA IN and DATA OUT as input or output pins. 
The internal registers have DATA IN connected to their left end 
and DATA OUT to their right. Left shifted reads and writes occur 
with DATA IN operating as an output and DATA OUT operating as an 
input. Right shifted reads and writes cause DATA OUT to be an 
output and DATA IN to be an input. 

Display drivers are cascadable as one would cascade shift registers. 
The normal convention is to connect DATA OUT of the preceeding 
stage to. DATA IN of the succeeding stage. The left-most chip ~as 
its DATA IN connected to the DATA OUT of the right-most chip which 
are both connected to DAT~. Figure 5 shows three possible config­
urations. Besides establishing the necessary data link, inter­
connection of DATA to DATA IN/OUT sets internal status which controls 
output onto the system DATA line and enables the internal oscillator. 
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"I am first" (IAF) is high when DATA and DATA IN are connected 
together; "I am last" (lAL) is high when DATA and DATA OUT are 
connected together. The start up (~~O) sequence presets IAF and 
IAL high; any exclusive or condition on the respective pairs of 

I 

lines clears the status bits low. The compare is synchronous and 
inhibited upon reception of the first read instruction. IAF high, 
with appropriate time out status, enables the internal oscillator. 
Note, for proper operation, some non-zero data should be placed on 
DATA. Otherwise, in multichip systems IAL and IAF may not clear 
correctly which would cause incorrect operation of the internal 
oscillator and loss of row synchronization. 

2.6 ISA--The display driver reads 10 bits serially, least significant 
bit first, from the ISA line durin~ SYNC time. The display driver 
responds to 37 instructions: 

2.6.1 

2.6.2 

2.6.3 

A"lavfD 
-.-.~..,. 

DISPLAY OFF (1340S)-This instruction resets the display 
status flip-flop to zero. \~ith DSTAT zero, all display 
outputs are driven to ~round, a non-destructive DC off 
condition for the LCD. If OSTAT is set to one, then all 
rows and columns free run with the appropriate 4 voltage­
wavefonns (V3V, V2V. VI V and GUO). 

DISPLAY TOGGLE (1440a)--DTOG tog~les DSTAT: If DSTAT 
is hi~h. DTOG will toggle it low; if DSTAT is low DTOG 
will tog~le it hiqh. 

COHPENSATI?N INSTRUCTION (l774a)-CI prompts the tempera­
ture compensation circuitry to be~in a compensation cycle. 
With no external components present CI will reinitialize 
the duty cycle to 100:. If TCI and Te2 are connected for 
internal co~pensation then CI should be issued after each 
block of display instructions and should not·be 

"OOIL I $TI{ NO lLA4-4001 
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2.6.4 

2.6.5 

2.6.6 

co. 
~-' -----

followed by a display instruction for at least 24 word 
times. This instruction is not tested or guaranteed. 

C~FAD (1760a)--PFAD causes the display driver to gate 
in the first 2 digits appearing on DATA immediately 
following the issuance of the instruction (see figure 4b). 
It treats these a bits as chip address, least significant 
bit first. If the correct address is issued at this 
time (FD16) the chip enabled flip-flop is set high, 
otherwise CE is set low. All except the above instruc­
tions are disabled when CE is low. 

. 
~/RITE ANNUNCIATORS (13608)-WA causes the first 12 bits, 
bit time 0 through bit time 11. appearing on DATA IN to 
be right shifted through the E-register and output by 
DATA OUT if IAL is low, and into the bit bucket if IAL 
is high (see figure 4c). There are 6 bits in the E­
register, each corresponding to an annunciator segment 
on the display. Storing ones in the E-register causes 
the annunciators to be activated. 

READ AUNUNCIATORS (S70a)-During the same window as WA, 
RA causes information stored in the E-register to be right 
shifted, output by DATA OUT irregard1ess if IAL, and to 
input data appearing at DATA IN. Besides driving DATA 
OUT independently of tAL, RA differs from ~A in the way 
the HP-41C CPU interprets the instruction. The CPU. 
tri-states its data line and buffers whatever it sees on 
data in its C-register. \-lhen connected in one or two 
chip configurations (see figure 5), RA performs ~ non­
destructive read of the E-register . 
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2.6.7 

. 
to' 

The other 31 read/write instructions address the re9isters 
and transfer data to them in a number of different modes. 
Right shifted operations cause data flow from DATA IN to 
DATA OUT; left shifted operations are the reverse of 
right shifted instructions. During writes, XXS08 instruc­
tions, the output pin will be driven if the corresponding 
status (IAF for DATA IN, IAL for DATA OUT) is low, other­
wise the output is tri-stated. During reads, XX7Q8 
instructions (excluding 5708)' the output pin is driven 
irregardless of status and the chip assumes that any other 
devices connected to the outputs are tri-stated. 

There are four fields during which transfers occur: 4· 
bit (1 Hexidecimal digit), 8 bits (2 digits), 12 bits (3 
digits), 48 bits (12 digits). See fiqure 4c. Each of the 
fields begins at the rising edqe of the valid word time. All 
4 bit transfers operate on one register. All ei~ht bit 
transfers operate on the A- and B- registers only. All 
twelve bit transfers operate on A-, B-, and C-. 48 bit 
transfers may operate on a single register, on A- and B-, 
or on A-, B-, and C-. Operations involving all three 
repeat the A-, B-, C- sequence gating digits to each 
register as many times as the field permits (as with 
all transfer instructions). A- and 8- can each buffer 6 
hexidecimal digits of data, every digit correspondin~ to 
a character position which it is displayin~. C- has 
capacity for only six bits; each digit written to C- has 
the first bit buffered and the other three ignored. When 
read, C- outputs a bit into the least significant of the 
appropriate digit. The other three bits are meaningless • 
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Lumping the A-. B-, and C-registers together, a 6 x 9 
bit organization can be ~ssumed. The 6 corresponds to 
the 6 character Dositions. Seven of the 9 bits are used 
to provide ASCII form addresses whichiare input to the 
character Rom. The remaining 2 bits comprise the punctua­
tion field; the four punctuations yield no punctuation 
(00). decimal point period (Ol). colon (10) and comma 
(11). See figure 3 for the character set and figure 6 
for the data structure. The seven bits are stored in 
the 4 bits of A-. the 2 least significant bits of B-, 
and the one bit of C-. C- is the most significant bit 
of the address, the least significant bit of A- is "'the 
least significant bit of the address. The 3 registers 
are independently addressable so that when a numerical 
display is desired, a mask may be set up and the entire 
display can be changed with one instruction. When 
displaying alpha, several instructions may be required 
to update the entire display. 

2.7 The WRITE INSTRUCTIONS are: 

SRLAD 005°8 Store right long (48 bits) in displa v 
regis ter A. 

SRLDB 015°8 Store right long in display register B. 

SRLDC 02508 Store right long in display register C. 

SRLDAB 03508 Store right long in display registers A-and B. 

SRLDABC 045°8 Store right long in display registers At B, 
and C. 

SLLDAB 055°8 Store left long in display registers A and B. 

SLLDABC 06508 Store left long in display registers A, B, and 
C. 

"001L I STII NO, lLA4-4001 
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SRSDA 075°8 Store right short (4 bits) in display 
register A. -, 

SRSOB 105°8 Store right short in display register B. 

SRSDC 11508 Store right short in display register C. 

SLSDA 125°8 Store left short in display register A. 

SLSDB 135°8 Store left short in display register B. 

SRSDAB -145°8 Store right short (8 bits) in display 
registers A and B. 

SDSDAB 155°8 . Store left short in display registers 
A and B. 

SRSDABC 165°8 Store right short (12 bits) in display 
registers A, B, and C. 

SLSDABL 175°8 Store left short in display registers 
At B, and C. _ 

2.8 The READ INSTRUCTIONS are: 

FLLDA 

FLLDB 

FLLDC 

FLLDAB 

FlLDABC 

FlSDC 

FRSDA 

FRS DB 

FRS DC 

007°8 

01708 
02708 

037°8 

047°8 

067°8 . 

07708 

107°8 

117°8 

Fetch left long (48 bits) from display 
register A. 

Fetch left long from display register B. 

Fetch left long from display register C. 

Fetch left long from display registers 
A and B. 

-Fetch left long from display registers 
A, B, and C. 

Fetch left short (4 bits) from display 
register C. 

Fetch right short from display register A. 

Fetch -right short from display register B. 

. Fetch right short from display register C. 

.. OOIL J Int .... 0 1 LA4-4001 
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FLSDA 12708 Fetch left short from display register A. 

FlSDB 13708 Fetch left short from display register a. 

FRS DAB 14708 Fetch right snort (8 bits) from display 
registers A and B. 

FlSDAa 157°8 Fetch left short from display registers 
A and B. 

FRSDABC 16708 Fetch riQht short (12 bits) from display 
registers At a, and C. 

FlDABC 17708 Fetch left short from display registers 
At a, and C. 

2.9 DPWO is a display driver output which when combined with PWQ,_ 
determines the HP-41C system power modes. The three modes are: 

PWO 
o 
o 

1 

1 

DPWO -o 
1 

o 
1 

POWER ~DE 
System donnant. 
System clocks off; system receptive 
to wake UD. Display on. 
III ega 1 state. 
System running. 

DPWO f tsel f is described by the following truth table: 

PWO CE DSTAT TOUT OP~10 --o - 0 X X 1 

0 1 a X ') 

0 1 1 a 1 

0 1 1 1 a 
. 

1 X X X 1 
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2.9 CE = Chip enabled flip-flop 
DSTAT = Dis~lay status flip-flop 
TOUT • Time out flip-flo~, output of a mask programmable delay. 

DPYO is provided so that an HP-41C system calculator may save 
energy. This is accomplished by turning off high power clocKs 
when an operation is complete and assuming a standby mode in 
which the display supplies its own clock throughout the delay 
period. When the display times out, it stops its onboard 
oscillator, grounds the display outputs and notifies the rest 
of the system by dropping DPriO. The mask progralTUTlable delay 
is presently set to ap~roximately 11 minutes. The delay is , 
calculated by the formula Delay = 9 x 216+n x internal oscillator 
period, where n= 0, 1, 2, 3 (presently n = 3). The rising edge 
of DPWO is coincident with PHO. 

2.10 051 and 052. These two ~ins are input and output for the internal 
oscillator. 051 is the input and should be connected to a 
capacitor to ground. The frequency varies proportionally to the 
value of the capacitor. OS2 is a tristate output which during 
standby mode also serves as the clock input to counters controlling 
the display timing. The oscillator is enabled only w~en PWO is 
low, DPHO and IAF are hi!;lh. Otherwise OSl is high and OS2 5s 
tristated. In the HP-41C system, OSl of the first chip is 
connected to a capacitor; 052 of both chips are tied together. 

2.11 TCl and Te2 are inputs to temperature compensation circuitry. 

..... "'''' .... 

In multi-chip syst~, only the chip doing the compensation needs 
its TCl connected; however, all TC2's must be connected together. 
Components required for the temperature compensation are a 
trimmer resistor, a thermistor,- and a capacitor to ground. See 
figure 7. Note this circuitry is not tested and not 
guaranteed to be functional." 
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Compensation is accomplished through pulse width modulation of 

the display outputs. The RC time constant of the compensation 

ne~~rk is inversely orooortional to temperature as are the 

drive requirements of the LCD. 
--, 

A compensation instruction tCI) initiates a compensation cycle. 

The RC network is allowed to charge up. When the voltage on 

TC2 passes an N-channel threshold, a compensation counter is 

reset, thus providing an endpoint to the pulse width. At 25°C. 

the compensation network should be adjusted to give just 100: 

duty cycle. When no components are present, a CI will cause 

l~O~ duty cycle. Every time a read or write instruction is 

issued, the duty cycle is reset to lOO~. Compensation instruc­

tions should not be ·issued with fewer than 24 word times betwe~n 

cycles so that the circuitry will be in a known state. 

2.12 VCC and GNO rrovide power for the display driver. 

2.13 V3V, V2V, and V1V are the voltage levels, in addition to ground, 

required by the LCD drive scheme. 

2.14 ROW 0, ROW 1. and ROW 2 are the row outputs from the display 

driver. The row outputs are connected to the backplane of the 

display and their waveforms are constant irregardless of the 

desired segment pattern. In a multi-chip display, the rows 

are synchronized, which permits bu~sing the three rows together 

(in general, bussing is required because individual row outputs 

were not desi9ned to drive the loads of large displays). 

The LCD is driven by a one-third multi~lexed. four level scheme 

that maximizes the on-to-off RMS voltaQe ratio which in turn 

maximizes the contrast ratio of the LCD. See figure 8. 

MOOIL STI. NO. 1 LA4-400l 
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2.15 

When the display driver is turned off, either through software 
control or time out, all display outputs are grounded. Read/ 
write instructions initiate a display update which occurs the 
word inmediately following the issuance of the i,nstruction. 
During the update, all display outputs are grounded. The update 
lasts 30 bit times and at its finish the rows start up. The 
rows and columns derive their timing from an internally generated 
SYNC while the system is running and from the internal oscillator 
while the system is timing out. One frame (half period) of a 
row waveform lasts 72 periods (mask programmable to 36) of the 
input signal. 

The HP-41C LCD is a btisted-nematic, field-effect device. 
Attached to the front glass plate is a polarizer; a polarizer 
and reflector are attached to the back plate. The directions 
of polarization are perpendicular. Translucent indium oxide 
conductors are placed on the front (columns) and back (rows) 
planes~ With no electric field applied across the liquid crystal, 
a 90 0 shift·in polarization is imparted to the light passing 
through it. Thus, light will pass through·the display and be 
reflected back with little loss. Applying an electric field 
greater than the threshold (ideally Vth • V1V) of the LCD 
causes, roughly speaking, the molecules to orient themselves 
in parallel with the field, and light passing between the polar;zers 
is absorbed. -This appears as a dark region on a light background. 

The contrast of the LCD is proportional to the ~~S voltage driving 
it. A four level drive produces a higher ~1S voltage than does a 
three level drive for the same duty cycle. 

Cno - C55 . There are 36 column outputs; 6 columns per character 
times 6 characters per- chip. Each column is identified by 2 

woon I STIC NO, 1 LA4-4001 
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numbers; the first denotes its character position, t~e second 
its column position within the character. For examole, C45 
refers to the sixth column of the fifth character. A column 
waveform is determined by the segment pattern. The character 

i 

"H" has one of column D's segments on, two of column lIs 
segments on, zero of column 2's segments on, etc. See figure 8 • 
During a frame an on column will be driven to the on voltage, 
V3V or VOV, that the correspondin9 row is not to achieve the 
greatest differential volta~e. The same is true for an 
off column except the drivin~ voltaaes are V2V and VlV. See 
figure 8. Columns CxS are dedicated to displaying punctuation 
on the HP-4lC display. Columns Cx4 have the third segment 
dedicated to displaying annunciators. 

I OIOS.YNCRACI ES 

3.1 When clocks are shut off, display counters are reset but se~ment 
patterns are left unchanged. It is unlikely that the segment 
patterns will be synced up with the counters. To refresh the 
correct synchronization, merely rotate the display 1 character 
right and then 1 character left after start up. 

3. 2 \~hen in peri phera 1 mode (DPHO a 1 ways hi qh), the osc i 11 a tor runs 
regardless of display status. 

3.3 If an address outside the 80 possible is issued to the character 
ROM, then a blank is displayed. 

3.4 IAF and tAL are preset high every start up (P\~O)". If there is 
more than 1 display driver in a display system and 2 or more 
have tAF status bits high, then those with IAF high will try 
to drive the on board oscillator. This "fi~ht" causes row 

"'001l 1 STII "'0 1 LA4-4001 

~.J-__ 4-___ -+-___ --I-_D~I~S_PLA~Y ...;.D_R_I V_E~R _--.,;D;;..:ET...;.A-.,;I:..::.L,;:.:E0r:-0E:..;:S..:..CR~I:;..;..P~TI;;..:O.;..;.N _____ ..\ 
If Hank Koerner o ... n 11-20-78 

t---I----+------J--------I "'''0 SHIlT ... O 14 0' 23 
lTi ; C · ... 0 ""'0'110 OAT! I-------------I------.,;..-----=~---l 

1\ " ".11:/'1'1_' 



( 

( 

Jr. 

HEWLETT-PACKARD CO. 11---

. ~ ~"" ...... -....... 

synchronization to be lost and the display to be garbled. In 
normal operation, 1 's and 0'5 will appear on DATA, DATA IN, 
and DATA OUT causing I.~F and IAL to·.be cleared to their proper 
states. The compare occurs until the first. fetch instruction . , 

after which it is inhibited. If no "1 '5" occur on DATA between 
start up and standby, then IAF and IAL are never reset properly 
and the fight will occur. 

Note also that if a slow device is connected to the DATA line, 
it may cause IAF and IAL to change state unexpectedly. If a 
device grabs hold at the data line and then tristates during 
part of its allotted time, the same thing may occur. 
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Ht:.VVLt:.1 I -r-'A~"'A~U ~ u . Hi 
ADDRESS CHARACTER ADDRESS CHARACTER 

000 I!. 02B 1-
001 r-I 02e -+ 
002 :a 020 ----. 

003 c: 02E -r 
004 C 02F I 
005 E 
006 F 030 'Z1 
007 is 031 r 
008 H 032 2. 
009 1: 033 ;3 

OOA ;J 034 Y 
OOB 1'< 035 "5 
OOC L. 036 Ei 
000 M 037 , 
OOE N 038 e 
OOF a 039 9 

03A Ii 
010 p 03B 7 
011 Cl 03C L. 
012 R 030 .--013 5 03E ~ 

014 T 03F '"? 
015 U 
016 \I loa t-
017 W 101 Q,l 

018 X 102 b 
019 'I 103 , c 
OlA Z 104 d 
01B C 105 tz.. 
01C , 106 -
010 - 107 ..J -r 
OlE ;;Ii 108 ;r-
OlF - 109 ~ 

lOA ~ 
020 lOB -

I ~ 

021 • 10C )-A 
022 11 100 r 
023 :±i 10E ~ 
024 ~ 10F £ 
025 
026 Xl 
027 I 

028 .< 
029 - > 
OlA --

FIGURE 3 
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START UP SEQUENCE - RISING EDGE OF PWO INITIALIZES TIMING. FROM EDGE TO EDGE OF 

02 DEFINES 1 BIT TIME. 
FIGURE 4A 

5Yt\C 

"MtA .... ········-ru ru 
SYNC AND PERIPHERAL ADDRESS TIMING - SYNC OCCURS FOR 10 BIT TIMES FROM T44 THROUGH . 

-II , C .000 ""·'ovfO ._-

T53. PERIPHERAL ADDRESSES OCCUR FROM TO THROUGH T7. THE. 

ADDRESS FOR THE DIAPLAY DRIVER, FD16 , IS SHOWN IN THIS EXAMPLE. 

FIGURE 4B 
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RELATIVE TIMING OF DIFFERENT LENGTH TRANSFERS FOR FETCH AND STORE INSTRUCTIONS 

FIGURE 4C 
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EACH BOX REPRESENTS 1 SiARBURST CHARACTER 

J Cf4 IP, 6 CH~R"CTE.R SYST"e..M 

2 C\4' P, 12. C~ -"RA.CTE.R SYSrE. M 

OAT,.. all 

3 C'H' p) 18 C.UARAC.TE.Ft SYSTEM 

INTERCONNECTION FOR 3 DIFFERENT SIZE DISPLAY SYSTEMS 

FIGURE 5 
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X Register C stores the first bit of a digit; it is used for upper/lower 

half ROM select. 

Y 83. 82 of the 8 register determine punctuation as follows: 

83 82 
0 0 No punctuation 

- 0 _ 1 period or decimal point 
1 0 colon 
1 1 cooma 

Z Character definition - 1 of 64 possible 

ANNUNCIATORS: Annunciators are specified by the contents of the E 
register. There is 1 annunciator bit per character. 

CHARACTER DEFINITION 
-

FIGURE 6 
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COMPONENT CONNECTION TO TEMPERATURE CONPENSATION CIRCUITRY 

FIGURE 1 
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172. CLOC.K pep. \00"' . I 
I...." I 

V3V -' I 
I 

\/z.v -
ROW 0 I 

VI'" -I 
I : 

Row 2. 

COLUMN 

O~"'ER 

COlUMW 

OR"'&''' 

I 

V -, 
0" , 

v'!" - , 
I 

V1Y­, 

I 
VoV -

"'IV -I 
I 

V2.V _I 

VIV ---I I 

I I I I 
\' _I ' 
YQV 1 1 I 

L.-COLUk\N ON 2 C'ltl£S""- COL.UM~ 
I ' I "~,, -
I I 

I 
I 

I 
I I 

I 

I 
OFF '3 eye LES --..., 

I I 
I I 
I I 
I I 

I I 
I I "CftI -, I , I , I 

jCOL.U~N ON FOR RtJwa.,.... COLUMN 'DRWER ON R?~ Raw -...J 

V~" -, 

I 
Yl..'1 -I 

V,y ---

OFF Felt R~'NS IJ 2. 0, 2. OFfi R:>R RDV't I I I 

VoV -I I I I I 
~ "'72. WOR.O i"Me:.~ WITH SYSTEM RUNNING - 10.6";s ~ :380 KHZ 

72. lt~rE:RNAL OSCILL.ATOA. eye LES. F"'I G. 8 
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NOTE: This page provides a running history of changes for a mUlti-page 
drawing which cannot conveniently be re-issued completely after 
each change. When making a change, list for each page all before-
and-after numbers (within reason; use judgement, and use 
"extensive" revision note if loss of past history is tolerable, or 
retype complete page) and associate with each a symbol made up of 
the change letter and a serial subscript to appear here and on the 
page involved (there enclosed in a circle, triangle, or other 
attention-getting outline). 
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I. ABSOLUTE MAXIMUM RATINGS: 

1.1 SUPPLY VOLTAGE VCC (GND = V) ........•....••... +10 VOLTS 
1.2 STORAGE TEMPERATURE .•.•••••..•.••.....•....••• -50°C to +150°C 
1.3 OPERATING TEMPERATURE .••••••.•.•..••....••.... O°C to 65°C 
1.4 HUMID1TY .•....••..••.•...•..•.•.•.••.•...••... 0 to 90% 

1.5 VOLTAGE AT ANY INPUT OR OUTPUT PIN ...•..•...•• GND -0.3V to VCC +0.3V 
1.6 INPUT TRANSIENT PROTECTION STANDARD ........... 500 VOLTS (SEE FIG. 1) 
1.7 INPUT TRANSIENT PROTECTION ON RXDO,RXD1,TXDO,TXD1 .... 5000 VOLTS 

II. OPERATING CONDITIONS: O°C < TA i 45°C 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT COMMENTS 

GUO GROUND 0.0 0.0 0.0 V 

VCC SUPPLY VOLTAGE 6.0 6.25 7.0 V 
(SUBSTRATE) 

ICCOP VCC OPERATING 2.5 mA VCC=6.5V OUTPUT 
CURRENT LOADS=MAX. 

FREQ.=MAX 
RXDO,RXDl,SCTL=O 

ICCST VCC STANDBY 1.0 uA VCC=S.OV, GND=OV 
CURRENT ISA, DATA, RXD0. 

RXD1. 01, 02. SYNC 
PWO=OV. All other 
pins open. 

ICCTR VCC OPERATING 3.5 mA VCC =6.5V FREQ.=MAX 

CURRENT WHILE - 1.6K LOAD BETWEEN 
RETRANSMITTING TXDO, TXDli Out-

put loads=max; 
Frame retransmitte 

INPUT PARAMETERS: 
every other frame 
time. 

VIH - INPUT LOGIC "I" VCC -1. 25 .avCC V All inputs except 
VOLTAGE LEVEL RXD0. RXDI 

VIL . INPUT LOGIC "0" .2VCC GND+1.25 V 
VOLTAGE LEVEL 

MODIL I ST. NO llB6-4QO't I 
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If. CARL I 4Nn~N~SS DAn 11-27-79 
2 14 

A"O SHlIf NO O' .C NO A,'.'('\V.'" OA" 

I, VI S . '. Su'ClUOIS owe> NO A-1L86-4tlOl:..l .. .. ..".-~-.., , ._ .. 



HEWLETT-PACKARD CO. 

SYtlHOl PARAMETER MIN. 

VRXH INPUT LOGIC "1" 4.2 
ON RXDO, RXDl 

VRXl INPUT lOGIC "0" 
ON RXDO, RXD! 

VRXTH+ HIGH LEVEL, _- 2.2 
THRESHOLD ON 
RXDO, RXDI 

VRXTH- lOW LEVEL 
THRESHOLD ON 
RXOO, RXDl 

1.25 

VRXHYS INPUT HYSTERISIS O.SV 
ON RXDO, RXDl 

ILIN 

ILIO 

INPUT lEAKAGE 
CURRENT ON INPUT 
PINS 

INPUT lEAKAGE 
CURRENT ON I/O 
PINS 

INPUT CURRENT 

IHTClK TSTClK HIGH 
CURRENT 

IlTClK TSTClK lOW 
CURRENT 

IHSCTl SCTl HIGH 
CURRENT 

IlSCTl SCTl lOW 
CURRENT 

CIN INPUT CAPACI­
TANCE 

-
OUTPUT PARAMETERS: 

-0.15 

0.05 

-50 

TYP. 

3.3 

2.3 

OUTPUT lOGIC "1" VCC -1.0 1.83VCC 
VOLTAGE lEVEL 

VOH 

Moon 

MAX. UN IT COMMENTS 

v 

GND+1.25V V 

4.2 V 

3.3 V 

V 

0.1 uA 

1.0 uA 

+50 nA 

-0.01 rnA 

+0.5 rnA 

nA 

8 pF 

V 

PIl FREQ=MIN. 

P Il FREQ=MIN. 
TRPW=MIN. 

AT 6.5V to G"O 
AND VCC' EXCEPT 
TSTClK, SCTl 

AT 6.5V to GND 
VCC. PINS TRI-
STATED EXCEPT lC] 

lC2 VCC =6.5V 

VCC =6.5V 

AT 6.5V 

AT ~V 

AT 6.5V 

AT ~V 

All INPUT AND 1/1 

PINS 

All OUTPUTS EXCE 
lCl, lC2 

I m NO llB6--4QOl 
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SYffiOL PARAMETER MIN. TYP. MAX. UNIT COMMENTS 

VOL OUTPUT LOGIC "0" o .17VCC GND+1.0 V ALL OUTPUTS EXCEPT 
VOLTAGE LEVEL LCl, LC2 

COUT OUTPUT CAPACITANCE THESE OUTPUTS WILL 
DRIVE CAPABILITY DRIVE THE SPECIFIE 

CAPAC ITANCE BE-
TWEEN VOL AND VOH 
WITHIN TDV. (SEE 
FIG. 2 & 4) 

DATA 200 pF 
FLGIN 150 pF 

OUTPUT CURRENT (DC) VCC=MIN .: 

IHISA ISA HIGH SOURCE. 0.5 rnA AT VOH CURRENT 
ILFIN FLGIN LOW SINK -0.35 rnA AT VOL 

CURRENT 
IHTXD TXOO,TXOI HIGH 8.5 65.0 rnA AT VCC -O.SV 

SOURCE CURRENT 

ILTXD TXPO.TXOl,~OW -65.0 -8.5 rrv\ AT 0:5V 
S INK CURRENT 

41C TIMING PARAMETERS': 

TP CLOCK PERIOD 2.63 2.78· 2.95 uS SEE FIG. 2 
TPWI 01 PULSE WIDTH - 500 2/8 of 750 nS SEE FIG. 2 

TP 
TPW2 02 PULSE WIDTH 500 2/8 of 750 nS SEE FIG. 2 I 

I 

TP 
TCD 01 to 02 DELAY 900 3/8 of 1200 ns SEE FIG. 2 

TP 
TR, JF CLOCK RISE, FALL 50 nS SEE FIG. 2 

TIME 

.. OOIl .1 Sf~ NO lLB6-401J1 
lLB6 ELECTRICAL SPECIFICATION 
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SYMBOL PARAMETER MIN. TYP. MAX. UNIT COMMENT 

TDV OUTPUT DATA 3/8 of 1000 nS AFTER TRAILING 
VALID TP EDGE OF 02. SEE 

FIG.2 FOR ALL LIN 
EXCEPT ISA AT A 
ZERO LEVEL AND DA" 
AT EITHER LEVEL. 

3/8 of 800 nS FOR ISA AT A ZERC 
TP LEVEL AND DATA Al 

EITHER LEVEL. 

TSU INPUT DATA SETUP 550 2/8 of nS BEFORE TRAILING 
TIME TP EDGE OF 01. SEE 

FIG. 2. ISA,DATA, 
SYNCtPWO" INPUTS. 

PIL TIMING PARAMETERS: 

THE FOLLOWING TIMING SPECIFICATIONS ARE FOR LAND C AS SHOWN. 

~ C CAPACITANCE 114.0 120 126.0 pF L C 
L INDUCTANCE 53.2 56 58.8 uH LC2 

RL INDUCTOR SERIES 6 .n. 
RESISTANCE 

TLC OSCILLATOR 475 500 550 nS MEASURED AT LCI 
PERIOD AND LC2 (MEASURII 

PROBE C<IpF) 
TCLK TSTCLK INPUT 450 500 550 nS 

PERIOD 
TCLKR TSTCLK RISE 50 nS 
TCLKF & FALL TIME 

TRXPW RXDO,RXD1 650 1.5 ns SEE FIG.4 
PULSE WIDTH 

TRXTR RXD~,RXD1 300 nS 
TRANS IT ION TI ME 

TRXSU RXDO,RXDI 50 nS BEFORE TRAILING 
SETUP TIME EDGE OF TCLK. SE 

FIG.4 

t--t---+-----+-------J MODEl I m NO lLB6-40'Jl 
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symoL 

·TRXHD 

T.RX~O 

TRXOY 

TTXPW 

nXTR 

TTXOV 

III. 

SIGNAL 

01, fJ2 
SYNC 

DATA 

ISA 

PWO 

TI , C NO 

PARAMETER MIN. TYP. MAX. UNIT CONMENT 

RXDO,RXD1 50 nS AFTER TRAILING 
HOLD T.IM~ EDGE OF TCLK. SEE 

FIG.4 
RXDO,RXDI LOW 1.3 uS 
TIME BETWEEN 
PULS~S 

. RXDO,RXDI OVER~ 0 300 nS 
LAP TIME 
TXDO,TXD1 PULS~ 950 2xTLC 1200 nS MEASURED WITH 
WIDTH OR 2xrCL 470pF LOAD. SEE 

FIG.S 
: 

TXD0,TXDl 120 nS MEASURED WITH 
TRANSITION TIME 470pF LOAD. SEE 

FIG.5 
TXD0,TXDl 0 120 nS MEASURED WITH 
OVERLAP TIME 470pF LOAD. SEE ... . 

FIG.S 

SUMMARY OF SIGNALS: 

I/O 

IN 
IN 

I/O 

I/O 

IN 

DESCRIPTION 

41C SYSTEM,CLOCKS 
PROVIDES SYSTEM TIMING.i AND INDICATES THE PRESENCE OF A SYSTEM 
INSTRUCTION ON THE ISA LINE. WHEN PWO IS LOW. SYNC=DPWO. 
USED TO TRANSFER 56 BIT SERIAL DATA (LSB FIRST) TO AND FROM CPU 
C REGISTER. DATA SOURCED FROM PIL ONLY DURING WORD TIMES FOL­
LOWING 2nd AND 3rd WORD TIMES~ OF A C=PIL INSTRUCTION (READ FRO~ 
PIL). TRI-STATED AT ALL OTHER TIMES AND ALWAYS DURING 02. 
USED TO RECEIVE ROM DATA (INSTRUCTIONS) AT T44-T53. ISA IS 
PULLED HIGH WHEN REQUESTING CPU TO WAKE UP FROM LIGHT SLEEP IN 
RESPONSE TO PIL FLAGS-IFCR+SRQR+FRNS+FRAV. TRI-STATED BY PIL 
WHEN PWO IS HIGH. 
HIGH WHEN IN RUN MODE. USED ALONG WITH SYNC FOR INITIALLIZING 
CIRCUITS. 

'"Il' NO 6 0' 14 
n Il~. 4001-1 
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SIGNAL 

FLGIN 

VCC 

GND 

1/0 DESCRIPTION 

OUT PULLS LOW DURING FIRST 3 BIT TIMES AND PULLS HIGH DURING LAST 
BIT TIME OF DIGITS 6-10 IF PIL FLAGS ARE SET AND FLAGS ARE EN­
ABLED (PROGRAMMABLE). OTHERWISE THIS LINE IS TRI-STATED. IT IS 
ALWAYS TRI-STATED DURING 02. 

IN POSITIVE VOLTAGE SUPPLY (SUBSTRATE). 

IN NEGATIVE VOLTAGE SUPPLY. 

LCI. LC2 I/O PINS FOR PARALLEL LC CONNECTION FOR PIL 2MHz OSCILLATOR. OSCIL 
LATOR IS UNDER PROGRAM CONTROL .. 

TSTCLK IN ALLOWS EXTERNAL CLOCK TO BE FED TO CHIP IN LIEU OF 2 MHz OSCIL 
LATOR. INTERNALLY PULLED HIGH. WHEN USED. LC2 MUST BE PULLED 
HIGH AND EXTERNAL LC DISCONNECTED. 

RXDO.RXDI IN RECEIVER INPUTS FROM RECEIVER TRANSFORMERS. SCHMITT TRIGGER BU 
FERS ARE USED TO PROVIDE NOISE IMMUNITY. 

TXD~,TXDI 

SCTl 

OUT TRANSMITTER OUTPUTS TO DRIVER TRANSFORMERS. 
IN WHEN TIED lOW, CHIP WAKES UP AS SYSTEM CONTROLLER. INTERNALLY 

PULLED lOW. 

IV. IC TEST CONDITIONS: 

The preceeding pages show specifications for the 41C chips for an 
operating range of 0 to 45 degrees C. To insure proper operations at 
these temperatures', VCC shaul d be adjusted to compensate for room 
temperature testing as well as providing enough guard band on the part 
during wafer and pa~kage tests for both high and low VCC' 

OPER. PT. 1 VCC=5.5V VCC=5.5V VCC=5.7V 
MIN. V. MAX F 41C FREQ=380K 41C FREQ=380K 41C FREQ=380K 

PIL FREQ=2.2M PIl FREQ=2.2M Pll FREQ=2.2M 

OPER. PT. 2 VCC=7.2V VCC=7.1V veC=7.0V 
MAX.V. MIN.F 41C FREQ=340K 41C FREQ=340K 41C FREQ=340K 

PIl FREQ=I.8M P Il FREQ=l. 9M PIL FREQ=1.8M 

The above table shows the different test conditions for the wafer test 

MODll I SIK NO IlB6-4a01 

t-t---+-----I------.... lLB6ELECTRICAL SPEC IF ICAlION 
-
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HEWLETT-PACKARD CO. ,_' ________ _ 

PARA 

VHRX 
VLRX 
VCC 
VIH 
VIL 
VOH 
VOL 

TP 
TPW1 
TPW2 
TCD 
TDV 
TSU 
TCLK 

ICCOP 
ICCST 
ILIN 
ILIO, 
ICCT-R 

package test, and thepart spec. (QA) test. All test programs should 
do functional tests on the part for both operating points. The table 
below shows a detailed breakdown of recommended values for these opera­
ting points, and a general guide for DC parametric test guard banding. 

WAFER PKG QA WAFER PKG 

LOW VOLTAGE HIGH VOLTAGE 

4.1 4.1 4.2 4.1' , 4.1 
1. 25 1.25 1.25 1.25 1.25 
5.5 5.5 5.7 7.2 7.1 
4.25 4.25 4.45 5.95 5.85 
1. 25 1.25 1.25 1.25 1.25 
4.5 4.5 4.7 6.0 6.0 

1.0 1.0 1.0 1.0 1.0 
HIGH FREQUENCY LOW FREQUENCY 

2630 2630 2630 2950 2950 
500 500 500 750 750 
500 500 500 750 750 
900 900 900 1200 1200 
1000 1000 1000 1000 1000 
550 550 550 550 550 
450 450 450 550 550 

DC PARAMETRIC TEST CONDITIONS 

2.0 2.25 2.5 VCC=6.5V, FREQ=MAX 

0.8uA 0.9uA 1uA VCC=5.0V, STATIC 

90nA 100nA -- VCC=lOV, VIN=GND and VCC 

.8uA .9uA 1uA , VCC=6.5V, ~IN=GND and VCC 

2.8 3.15 3.SmA VCC=6.SV FREQ=MAX 

-t---+-----I------I .. OOfl I UK NO IlB6· 4001 
llB6 ELECTRICAL SPECIFICATION 

l1 CARL LANDSNESS o ... u 11-27-79 
8 - "'''0 '"'" NO 

O. 
It PC NO "''',Ov,o 0 .. " 1----

1,,0 .. !< DWG .. 0 A-II ~ c • "-1 
- -

QA 

4.2 
1.25 
7.0 
5.75 
1.25 
6.0 
1.0 

2950 
750 
750 
1200 
1000 
550 
550 

14 
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HEWLETT-PACKARD CO. ij 
PARA WAFER PKG QA WAFER PKG QA 

DC PARAMETRIC TEST CONDITIONS 

IlTCLK -l20uA -l35uA -l50uA @0V 

IHSCTL 400uA 450uA 500uA @6.5V 

-

IHISA SOOuA 500 500uA @VOH @VCC (MIN) 

ILFIN -350uA -350 -350uA @VOL @VCC (MIN) 

IHTXD 9.0nV\ 8.7nV\ 8. SnV\ @VCC -O.SV 
(MIN) 

lLTXD -9.0nV\ -8.7nV\ -8.SmA @0.5V 
(~1AX) 

IHTXD 60mA 62nV\ 65nV\ @VCC-0.5V 
(w\X) 

lLTXD -60mA -62mA -65mA @0.5V 
(MIN) 

STRESS TEST COMMENTS 

VSTRESS lOV --- --- OPERATE PARTS AT MAX. FREQ. WITH vee 
VSTRESS FPR 1 LMLOAD. 
IGNORE FAILURES. 

.. OOIL I STK NO lLB6-40ql 
HRll FI Fr.TRICAl SPECIFIC~TION 

IV r.AQI IANn~NFSS o"u 11-27-79 
III , C NO "'''OvtO ""0 SHUT NO 9 0' 14 .. 

'(VnlON, III .. nwr: wn 1\ _ 11 0 ~ =t1nn 1 _ 1 



HEWLETT-PACKARD CO. 

It , C NO 

652SA 
POWER SUPPLY 

PUSHBUTTON PUSHBUTTON 
SWITCH SWITCH 

o~--o 

lOOpF 
SKV 

GATE PROTECTIO~ TEST CIRCUIT 

FIGURE 1 

" 
-+----~ ""0 

A'" _. _--it---=.:o".!!....-.. , .... 

0"'1 

1.1K 

DEV ICE UNDER 
TEST 

- 4001 

SHU' NO 10 o. 14 , , 
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T T 
5 STT T 4501 4 . 

02 1111111111111111111/11111111 J 1II1I11111II111 f II f 11111II1I111111111 

01· 

SYNC 

ISA 

nATA 

DATA 

P\.JO 

.' '( . 

101110121013100 1 01 102 1 03 104/05106/07108',091010/01110121 

1IIIIII 11III rill) 11111111/1 " , 1I1I111 III1111111 I1I1I1I111I1111 LU 
T T T 4 5 4 
4 3 4 

I I I 
T T T T T 
4 5 r 1 2 4 
4 3 0 4 9 4 

I I 0 I I I 
T T T T 

3 4 9 Q 

(OAOO=C) I REG I CHIP I 
T T T 
5 5 5 T 1 2 5 0 

(da ta wor~) Msi EXP 

U -. ---I 
---

!ll:l: ::'Hl:1:. I I 

NO ",·.oy,r .. r. 

TT 
IT 11 
78 12 
I 
I ES MANTISSA 

-------

NUT SYSTEM TIMING 

(Figure 3) 

----
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TRxTR 

RxDO 

VRxL 

RxD1 

TRxSU--~ 

TRxOV-. 

IG'&--- TRxTR 
TRxLO 

.~----,. 

TRxTR . ~ TRxHD 

TCLK I I I I I I I I~ 
FIGURE 4 - PIL RECEIVER TIMING 

TTxTR 

TxDO 

TTxOV 

TxD1 

TTxPW - TTxTR 
FIGURE 5 - PIL TRANSMITTER TIMING 

t--t-----f-----+------l MOOIl m NO lLB6· 4001 . 
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If·CARL LANDSNESS OAIf 11-27-79 

SHill NO 13 0' 14 



; 

I 

_----_}J/il 
HEWLETT-PACKARD co. iJI.---------

u.-

OUTPUT PIN 
UNDER TEST 

<----') 

VCC 

TEST CONDITION FOR OUTPUT PINS 
(Figure 4) 

ILOAD fo~ specified Cout is O. For testers with ILOAD 0, modify 

COUT to CNEW with the following formulas to compensate for the load. 

"Also ILOAD should maintain an equal sinking and sourcing level to 
make the modification valid. 

I _ dV 
AVE - C --:lj---

a Basic formula" 

lAVE ~ COUT X VOH - VOL 
----TDV---- Normal device drive 

I VOH - VOL 
LOAD = CMOD X ----T~n--- 1 C f 1 d uv Calcu ate MOO or extra oa current 

required for the device. 

CNEW ~ COUT - CMOD 
C - C I LOAD X TDV 

NEW ~ OUT - -VOA-:-VO[-- Modificatio"n formula 

------------------------------------------------------

SEE SHEET 1 
MOD'~ I sn NO 1LB6· 4001" 
lLB6 ELECTRICAL SPECIFICATIONS ." 

-
., CARL LANDSNESS OA'I 11-27-79 
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I. GENERAL DESCRIPTION 

This document describes the PIL Interface Chip. The PIL Interface chip 
communicates directly to the 41C I/O bus and to the PIL loop through several 
discrete components and 2 pulse transformers. The PIL Interface Chip, 
discrete components, and 2 41C ROMs are packaged in a PC hybrid. The PC 
hybrid, pulse transformers, and mechanical connectors are packaged in a 41C 
plug-in module. 

The PIL Interface Chip consists of 2 major portions, the 41C interface and 
the PIL interface: 

41C I/O 

PIL Interface Chip 

41C PIL 
INTERFACE INTERFACE I .. <IIE"---->=~ PIL LOOP 

I 
! 

The PIL interface portion 1s very similar to the PIL interface for the 
8SA and General Purpose interfaces as described in "PIL CMp ERSil by 
Dave Sweetser, June 1978. This document will describe the 41C interface 
portion and any differences in the PIL ·interface from the above mentioned 
ERS. Therefore. it is very important that the reader first read and 

understand that ERS. 

II. CHIP ARCHITECTURE 

III .c NO 

Shown in Figure 1. is a block diagram of the 41C PIL interface portion. 
The function of the major blocks will be described later. Communication 
with PIL is done by reading and writing.to 1 of 8 PIL reqisters. These 
Registers are defined in FIGURE 2 and differences from the GP chip. 

"OOB 

41C PIL INTERFACE CHIP DETAILED DESCRIPTION 

" CARL LANDSNESS OAfI 8-21-80 
- ""0 $HII' ".0 2 o. 9 

I .u~ •• t'Of' "",r. ..... A _ l' R':: • 



HEWLETT-PACKARD CO. 

FI 

DATA 

ISA 

SYNC 

In 
112 
PlIO 

register difinition are noted. Note that some registers are read or 

write only. 

DC 1> 
~~S i 3 PIt flAGS (RIR) 

7711£. L READ WRITE WRITE READ 
DATA 8US DATA [IUS STROOE9 E/lA8LES 

~~r 
I ~ 

-rpUWAKE~1 8 

COHTROl 8 8 

~AUTO lOY 
TA OVERRlOi-

snlO DY 

IR/W REGlSTER1-

0, 
8 CONTROL 

0 
",. PAU' S£R~ "'." J 8 

, I ..... 
0 

3 
;!', IN 8 81T SIIIFT UUT 2 0 IT rl AoUlllS~ -1 r---- ell( REGISTER . lK SIIIH 

r--i PIIH/SER PAR-OUT I I RE,GISTER 
load 
LIITCII 

8 I 3 

SOURCE/DEST '2 
COtUROl 

10 , 

0 
INSTRUCTION 

6 81 T (OUllTER 
(l I----

& DECODE -1 "UIO lOY c- TIME pwo - COUlnER 5§ 
PI 
PZ 
CII 
AUTO 
lOY - GESET 

RESET ~I r 

\11 , C NO 

RESET I lOGIC 
FIGURE I 
41( to PIL 
f FAC K I HER E ULOC 01 AGR/,M 

(IIHERFACE PORTION OIlL Y) 

C. lAflOSNESS 2/80 

NOTE; 

t:> IIIDICATES SICJIALS TO I'lL 
rORTION or CIRCUIT. SEE 
PIL ERS BY DAVE SWEETSER 
FOR DETAILS. 

41C PIL INTERFACE DETAILED DESCRIPTION 
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STATUS 
REGISTER ROR/W 

CONTROL RIR 
InTERRUPT 
REGISTERS RIW 

DATA R2R 
INPUT-OUTPUTR2W REGISTERS '. 

PARALLEL 
POLL 
REGISTER 

,C NO 

-

R3R/W 

A"''-
'\I~ .... 

FIGURE 2: ptL REGISTERS 

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

RFCR CLlFCR--
" SC CA TA LA SSRQ [(NOTE! ) foCL 

SlRDY CLIFCR 

SC - System Controller RFCR - RFC Received 
CA - Controller Active MeL - Master Clear 
TA - Talker Active SLRDY - Set Local Ready 

READ 
WRITE 

LA - Listner Active CLIFCR - Clear I Interface Clear 
SSRQ - Send Service Request Received l 

NOTE: SLROY and CLIFCR are self-resetting bits (resetting occurs 
1-2 uSec after end of write pulse). Reading ROR/W returns 
the value of CLIFCR (which is always a logic 0 if reading oc­
curs 2 uSec after any write of a 1 to the bit). 

C13 C12 Cll IFCR SRQR 

C03 C02 COl 
C13-C11 - Input Control bits from received frame. 

READ 

WRITE 

IFCR - Interface Clear Received. FRNS - Frame Received Not as 
SRQR - Service Request Received. " Sent. 
FRAV - Frame Available. ORAV - Output Register Available 
FLGENB - FTag Enable. Writing a ~ to FLGENB disables (tri-states) 

the .FI 1 ine. " 
C03-C01 - Output Control bits to be transmitted. 

018 017 016 015 014 013 012 
008 007 006 005 004 003 002 

018-011 - Input Data bits from received frame. 
008-001 - Output Data bits to be transmitted. 

OIl 
001 

"-
READ 
WRITE 

READ 

WRITE 
OSCOIS - Oscillator Disable. Writing a 1 to OSCDIS sets OSCENz~ 

OSCDIS AUTO PPIST PPEN PPSENSE P3 P2 PI lOY· 

if foCL=1. See CHIP INTIALLlZATION. 
AUTO lOY - Automatic lOY sourcing when 41C is in light sleep if CA=l 
PPIST - Parallel Poll Individual Status; 
PPEN - Parallel Poll Enable. 
PPSENSE - Parallel Poll Sense. 
P3-P1 - Parallel Poll Response bit designation. 

MOOH T 5U NO 

4lC PIL INTERFACE DETAILED DESCRIPTION 
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.... /'. 
~ 

LOOP ADDRESS R4R/W I I I ~DR4 hDR3 IADR2 -!ADRI ]Mi;O] READ/WRITE REGISTER -

\ READ/WRITE SCRATCHPAD R5R/W I I I I I I I I REGISTER 

_. 

SCRATCHPAD R6R/W I \ I I I I \ I J READ/WRIl REGISTER 

I D READ/WRIl SCRATCHPAD R7R/W I I I I 1 I REGISTER* 

* Denotes differences from 85A/GP chip. 
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III. INSTRUCTIONS 

H NO 

The following instructions are used to communicate with the PIL interface. 

Refer to NUT CPU description for 41C instruction formats and timing. 

INSTRUCTION 41C CODE MASM 
19 10 MNEUMONIC 

C-PIL(N) INNNOOOOOO PIL=C M1 

CHAR-PIL(N) ONNNIOOlOO HPL=CH M1 
CCCCCCCC01 CH= M2 

PIL(N)-C 1NNN100100 C=PIL M1 
0000111010 
0000000011 

, 

IFCR? 0101101100 1FCR? 

SRQR? 1010101100 SRQR? 

FRAV? 0100101100 FRAV? 

FRNS? 1001101100 FRNS? 

ORAV? 0011101100 ORAV? 

C-PIL(N) 

A one word CPU instruction C--.PIL(N) will transfer digits 0 and 1 of 

the 41C register to one of the eight 8 bit PIL registers selected by N. 

CHAR-PIL(N) 

A two word instruction CHAR---PIL(N) transfers an 8 bit constant directly 

from ROM to one of the eight PIL registers selected by N. The first 

instruction word is a CPU PERI(N) instruction where PIL registers are 

treated as 8 separate peripherals out of a possible 16. The second 

MOOfl I su NO 
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, c ... 0 

instruction word contains the 8 bit constant in bits 12-19 (I2=LSB) 

and returns decode control to CPU (10=1). 

PIL(N)-.C 

A three word .'nstruction PIL(N)--.C reads the contents of one of eight 

PIL registers selected by N into digits 0 and 1 of 41C C register. The 

remainder of the C register is filled with zeros. The first instruction 

word is a CPU PERI(N) instruction where N selects one of eight PIL 

registers and passes decode control to PIL. The second instruction word 

is a CPU DATA--.C instruction which reads the data from the selected 

register into C. The third instruction word returns decode control to 

the CPU. The third instruction word is only needed because the 41C CPU 

cannot presently execute a DATA---C and RETURN (10=1) as described in 

CPU description. 

FLAG TESTS 

The fi ve P IL 1:llte.r.r.lIPt bits (IFCR, SRQR, FRA V, FRNS, and! ORA V) 1 oca ted 

in RIR (Register 1 Read) are multiplexed onto the FLGIN line during 

digit times 6-10 to allow interrogation by CPU instructions: 

IFCR? sets carry if "Interface Clear Received" = 1 (Flag 6) 
SRQR? sets carry if "Service Request Received" = 1 (Flag 7) 

FRAV? sets carry if "Frame Available" = 1 (Flag 8) 
FRNS? sets carry if "Frame Received Not as Sent" = 1 (Flag 9) 
ORAV? sets carry if "Output Register Available" = 1 (Flag 10) 

These flags may be disabled (FLGIN line- tri-stated) by writing a ~ 

to FLGENB (LSB of R1W). 

MOOH I STK NO 

41C PIL INTERFACE DETAILED DESCRIPTION 
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IV. AUTOIDV MODE 

If the 41C is in light sleep (SVNC.PWO=l) and if CA=l and if AUTOIDV=l 

(bit 6 of R3), then the PIL chip hardware will generate an IDV frame 

every lamS to allow loop devices to insert a service request. No hand­

shaking is performed. If SRQR goes true, ISA will be pulled high. This 

will wake-up the CPU and a serial or parallel poll may then be performed. 

The 8 data bits of the automatically generated IDV are undefined, so 

it should not be used for a parallel poll. 

If 41C is in light sleep and CA=O and AUTOIDV=l, the PIL chip will remain 

running, but it will not generate IDV frames. However, it may still 

receive and transmit frames. If IFCR or FRAV or FRNS go true, ISA will 

be pulled high waking up the 41C CPU. 

AUTOIDV (bit 6 of R3) is not affected by MeL. However, AUTOIDV will power 

on low when power is first applied to the chip. 

V. CHIP INITIALIZATION 

lit , C NO 

This section replaces section 17 (Chip Initialization) in "PIL CHIP ERS" 

by Dave Sweetser. 

The 41C PIL chip provides for several levels of initialization. Complete 

chip initialization. occurs when an internal signal RESET goes true when: 

1). 41C 1 s .in deep sleep (PWO' SVNC=l). or. 

2).41C is in. light sleep (PWQ·SYNC=l) and PIL chip is not in AUTOIDY mode 
(bit 6 of R3=O), Boolean equivalent: RESET=pgo·SYRC+~·AOTOIDY. 

"OOfl 

41C PIL INTERFACE DETAILED DESCRIPTION 
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RESET provides the following initialization: 

1) Initializes 41C timing and decode logic. 

2) Turns off the PIl oscillator by resetting the oscillator enable signal, 

OSCENt to 0. 

3) Resetting OSCEN also forces Mel (lSB of R0) to be set to 1. This sig-

nal resets all the Pil Interface section logic. 

Mel provides the following initialization: 

1) IFCR=SRQR=FRNS=FRAV=O 

2) ORAV=l 

3) FlGENB bit in RlW reset to 0. 

4) The SC (System Controller) bit in RO is set to the state defined by 

external input SCTl. Input is internally pulled low. 

5) The internal latch RTSR is reset. 

6) Driver and Acceptor PlA's set to DIDS and AIDS. 

Shown below is a state diagram relating RESET, Mel, and OSCEN. The use 

of three states permits an orderly transition after power-on, i.e., 

first the oscillator is enabled and then Mel is set to 0 to permit 

chip operation. Write 0 to MSB 
RESET of R3 ." ------ --~---,.,... 

Write 0 to lSB of 
R0 to set MCl=O 

Normal Run 
Ol=OSCEN,MCl II 1.-1-"'- State: OSCEN=l Mel= 

Write 1 to lSB of R0 

DAn 

---~""D 0' 9 9 SHlIr NO 
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I DETAILED DESCRIPTION 

The CMOS Data Storage circuit (DS2D) is a modified circuit of the existing 

part (5061-0493). DS2D contains 16 registers of 56 bits ling. The 81 and 

02 clocks have been inverted to work with the 41C and the 30's CPU·s. The 

chip address has been increased to 6 bits ling to allow up to 64 chip 

addresses in the system. B6 is internally progranmed to "0" level, while 

Bl. B2. B3. B4 and B5 are brought out for external progranming. Internal 

pulldown circuit has also been added on these pins so that they are normally 

at a "0" level. To program the bit to a "1", simply connect the pad to VCC 

(or die attach area). 

II DS2D SIGNAL DESCRIPTION 

2.1 CLOCKS (01,02) - The clocks are active high clocks originated' 

from the CPU. 01 is the input strobe clock. while 02 starts the 

output transfer. A bit time is defined from the leading edge of 

02 to the next leading edge of 02. 

2.2 ISA - Instructions generated by the ROWS are read in from the 

ISA line during SUNC time. The chip decodes 5 instrucitons and 

ignores the rest. 
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2.3 SYNC - The SYNC signal is used to synchronize DS2D to the rest of 

the system. When SYNC is not present, instructions on ISA are 

ignored. 

2.4 DATA - data is a bi-directional line used to transfer data between 

the processor chip and DS2D. The DATA line remains tri-stated at 

all times except during read instruction. 

2.5 PWO - PWO is a power on indication coming from the CPU. After 

PWO goes high. DS2D goes active at the falling edge SYNC. As 

soon as PWO goes low, DS2D stops it's internal clocks and locks 

out everything to preserve the memory data. 

2.6 TEST - TEST is a normally pulled high input for test purpose. 

When TEST is pulled low (to GND). The DATA line is forced into 

tri-state through a minimal amount of logic. This prevents 

bad chips from effecting others. 

2.7 Bl. B2. B3. B4. B5 - Externally programmable pins for DS2D chip 

select. These are internally pulled low. 

III INSTRUCTIONS 

There are five instrucitons that DS2D responds to. 
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3.1 DADD=C,A 10 bit address is loaded into the DS2D chip from the 

DATA line during the next word time. The 10 bits comes in during 

T0 to Tg. Register address of 0 to 15 corresponds to T0 - T3 

(T0 = LSB). Chip address of 0 to 63 corresponds to T4-T9 

(T4 = LSB). A DATA word is defined from T0 to TSS' Once addressed, 

the chip remembers both addressed, the chip remembers both 

addresses until a new one is issued or with a new power on. If 

a chip is not selected, it ignores the following instructions. 

3.2 DATA=C,The contents of the C register on the CPU is written into the 

previously addressed register during the next word time (T
0

- TSS) 

via the DATA line. 

3.3 C=OATA,The contents of the previously addressed register is read 

out into the C register during the next word time. 

3.4 REGN=C,Contents of the C-register is written into register N 

(where N=O to 15) of OS2D during the next word time. N is the 

4 MSB's of the instructions, which overwrites the previous register 

address information. REG~=C is a direct write instruction for 

the enabled chip . 
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3.5 C=REGN, Contents of register N (where N=l to 15) of DS2D is read 

out into the C register during the next wordtime. C=REGN is a 

direct read instruction for the enabled chip, except for register 

O. Note that C=REG0 is equivalent to C=DATA. Therefore, register 

o can only be addressed indirectly. 

See Sheet 1 
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USED ON 

lLA7-0001 

lLA7-0002 
lLA7-0003 
lLA7-0004 
lLA7-0005 
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The tollow1ng specifications detail operatlnq limits and conoitlons .for 
tor the 1LF6 Timer Chip (lLF6-400l) in a 28 pin ceramic package (lLF6-010l) and 
a 20 pin plastic DIP (lLF6-000l). 

1. Absolut~ /.,axiinum Hatings: 

Supply Voltaqe Vec (Gnd=OV) • • • • • • • • • • • • • • • • • • 
Storage Temperature •••••••••••••••••••••••••• 
OperatinQ Temperature •••••••••••••••••••••••• 
Humidi ty ••••••••••••••••••••••••••••••••••••• 
Voltage at dny pin ••••••••••••••••••••••••••• 

Input Transient Protection ••••••••••••••••••• 

+ 10 V 
-50 C to tl~(} C 
OCto +6:> C 
o to 90% 
Gnd .. u.3 V to Vcc 
+ 0.3 V 
600 \ldc 

II. Recommended Operating Conditions: 0 C <= Ta <= 45 C 

-------------------------------~---------~------------------~-----~--------. 
I SymbOl Parameter Mtn 'fyp Max 

I 
llnit , Comments 

1 ______ --

Gnd 

vcc 

IccoP 

Iccsby 

ICcsop 

Ground 

POSe supply 

Operatlnq cur­
rent 

standby cur­
rent 

standbY Oper­
ating current 

~ __ - ___ I _______ I ______ -

0.0 0.0 0.0 

5.5 &.25 7.0 

0.5 

0.2 1.0 

10.0 

v 

InA 

UA 

UA 

system & signal 
ground 

Vcc = 6.5 V 
Freq = JijO kHz 

Vcc = 5.0 V 
System inactive 
Inputs grounoed 
Outputs trlstetea 
Osc In hlqh 

Vcc = 5.0 V 
System inactive 
Internal oscilla­
tor active 

-------- --~------------- ------- ------- ------- ------ -------------------
Input Parameters : 

------------------------.----~--------------~-------------------------------

Vih Input high 
voltage level 

Vii Input low 
voltage lev~l 

I1nlk Input leaKage 
(note 1) current on in-

put pins 

Il01k Input leakaqe 
(note 2) current on 1/0 

pins. 

Vcc .. .6 x 
1.25 vcc 

.4 x Vcc 
vcc 1.25 

5.0 100 

10.0 1000 

V 

+ V 

nA 

n/\ 

Typ value charac­
terized 

Typ value Charac­
terized 

Protection diodes 
reverse biased 
to b.5 V 

Protection diooes 
reVerse biased 
to 6.5 V 

-------- ---------------- ------- ------- ------- ------ -----------------_. 
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11. kecommended Uperatlng conditions: 0 C <= ta <= 4~ C 

~-----------------~---~---------------------------------------------------I 
I symbol Parameter Min l'yp Max Unit comments 
1 ______ --

Cin 
(note 3) 

Cinl0 
(note 4) 

lnput Capaci­
tance for in­
put pins 

Input capaci­
tance for I/O 
" Uutput pins 

-------
3.0 

~.O 

0.0 pf 

10.0 

Protection diad! 
make up the loal 

Protection diad! 
+ output driver! 
make up the loal 

-------- ---------------- ------- ------- ------- ------ ---------------_. 
Output Parameters : 

--------------------------------------------------------------------------
voh Uutput hiqn vcc - Vee V Typ value cnarac 

voltage level 1.U terlzed 

Vol Output low Gnd Gnd + V Typ value cnara( 
voltaye level 1.0 terized 

cout Output drive These outputs wj 

capability . drive tne speci-• 
fled capac 1 tanc.: 

DATA, fLAG 2uu 4UO pf' between Vol dna 
Voh witn!n 'fdv 

Alarm A " Ii 70 1~0 pr no DC loads. 
See figure 1 • 

ISA 100 200 pf' Typ values char; 
cterizea. 

-------- ---------------- - ______ 1 ______ - ------- ... ----- -----------------
Timing Parameters (see f1gure 1 tor parameter definitions) • . 

----~------------------------~--------------------------------------------
Tphf 

Tplf 

Tpw1 

Tpw2 

Ted 

Clock Period -
high trequency 

Clock Period -
low frequency 

Phase 1 ClOCK 
wldtn 

Phase 2 clocK 
wldtn 

Clock delay 

2.63 

500 

500· 

900 

1.05 

1,00 

21B 
of Tp 

2/8 
of Tp 

3/ij 
of Tp 

2.95 

750 

750 

1200 

uS 

uS 

nS 

nS 

nS 

Typ value chara< 
terized 

Max value chara( 
terized = 5 uS, 
but 10KHZ opera­
not un c 0 tn:n 0 n 

t'1in and max spec 
reflect test li,-, 
its. Narqln Indj 
cated by charac­
terization: 
Tpwl min = 60 n~ 

Tpw2 min = 200 r 

-------- -------~---~---~ ------- --~---~ ---~--- ------ -----------------
Title: lLf6 Electrical Spec 
Datel 6 Jan 1982 
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II. Recommended ~peratlng Conditions: 0 C <= Ta <= 4S C 

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

symbol Parameter "'in Typ Max Unit Comments 

-------- ---------------- -------- ------- ------- ------ -----------------_. 
Tr, Tf Clock rise ~ 50 ns 

fall times 

Tdv output data 500 1000 ns Typ value charac-
valid time terlzed 

TSU Input data 110 550 ns Typ value charac-
setup time terlzed 

-------- ---------------- ------- ------- ------- ------ -----------------_. 
Notel: The Iinlk spec applies to: Phase 1, Phase 2, sYNC, PWO. 

Osc In is connected, via the performance board, through a 22 M ohm 
resistor to Osc out; consequentlY, its spec Is +- 000 nA. 
Start A & B and stop A & a, all four are inputs, each have a 2.5 ~ 
Ohm pull down; only their positive gOing diodes are measurea at a 
leakage spec of 4 UA. 
PWO has a 250K ohm integrated p-well pUll do~n; only its positive 
going diOde Is measured tor leaKage. 

Note 2 : The liolk spec appl1p.s to: Alarm A, Alarm B, Osc out, fLAG, ISA, 
DATA. 

Note 3 : The Cin spec applies to: Phase 1, Phase 2, SYNC, Osc In, p~o, 
Start A, start u, Stop A, stop u. 

Note 4 : The Clnlo spec applies to: Alarm A, Alarm ~, Osc out, fLA~, ISA, 
DATA. 

Title: 1LF6 Electrical Spec 
Date: n Jan 1982 
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Ill. Test Specifications. 

----------------------~---~-----------------------------------------------
I I I I 
I parameter I Wafer I Pacl<aye I l.IA II wafp.r i paclCaqe I 
I _______ ----I----------I---------I----------i 1 __________ 1 _________ 1 _______ -

I I 
Low Voltaye (Volts) I I High Voltage (Volts) 

_______ ------------------------------------t -----------------------------
I ° I 

Vcc I 5.5 5.5 5.7 "1.'2 "1.1 1.0 
I 

V!h I 4.25 4.25 4.45 5.95 5.~5 5.75 
I 

Vil I 1.25 1.25 1.25 1.25 1.25 1.25 
I -' 

von I 4.5 4.5 4.1 I b.\) b.O I· b.O 
I I 

Vol I 1.0 1.0 1.0 1.0 1.0 loU 
------_-___ 1--________ 1 _________ 1----------1 - ____ ~ ____ I_---_____ I _______ _ 

High frequency (nS) Low freauency (ns) 

------------------------------------------- ---------------------~-------

TP 2b30 2b30 2b30 

l'pwl SuO ~OO SuO 

Tp"'2 500 !l00 500 

Tcd 900 900 900 

Tdv 1000 1000 1000 

Tsu 550 ~50 550 

----------- ---------- --------- ----------
DC Parametrics ( UA ) 

, 
----------------------~--------------------

lccoP 800 900 1000 

lccsby 0.8 °0.9 1.0 

lccsop 2~.O 23.0 24.0 

Ilnlk 0.09 0.10 

IlnlK 0.10 

11011< 0.8 0.9 1.0 

----------- ----------- --------- ----------
Stress Test ( Volts ) 

--------~-----------------~----------------I 
VStress I 10.0 

I 
.. _--

~9!)U 2y5(1 295u 

750 7~O 150 

750 750 150 

12uO 1200 1200 

10UO 100U 10uI} 

550 550 ~50 

--_ ... _----.... --------- ------_ .. 
Test Conditions 

--------------~~---~--------. 

Vee = 6.5 V @ HilJh roreq 

Vee = 5.0 V, System Inaetl' 

" " " " 

~ 10 V to Gnd ana vee 

@ b.5 V ~o Gnd ana Vee 

@ b.5 V to Gnd and vee 
1 ______ ---------------------_. 

comments 
1 ______ -----------------------
J 
I functional test at hiyh fre{ 

II Vce = Vslress. Ignore fails. 
-----------I---------_I~ __ ~ _____ I __________ I 1 ______ ---------------------_. 

Titlel lLFb £lectrical Spec 
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IV. Figure 1 - TIming Parameter definition and clock system wavetorms.· 

I<~~---------- Tp ------~----~----------------)I 

---~ ... ---
/ \ / \ 

Phase 2 / 1 \ I I \ 
_----1 I 

I 
1 1 

Tr--I<->I 
1 
1<--TpWL--> 

\_~----~-------~-----~~-----------I 
1 

<->I--T£ 

1 \ ___ • 

1 

1<----- Ted ------>1 

I \ 
~}haS e 1 / I \ 

_--~-----------__________________ I I \ ______________________ . 

1<--- Tdv --->1 
I 

1 
1 

1<--Tp'.II1-->, 
1 
1 
I 

------------------------- -----------------------------------------Voh ___ \ / 
output Data \/ 

Vol ___ /\ 

_----------------~----~--l 

----------------~----------

\_---------------~-----------------------. 
1 
I 
1 
I 
1 

1<-- Tsu -->1 
I 

---------------------------------------Vlh ___ \ I 

Input Data \/ 

Title: 
Datel 

ViI ___ /\ 

--------------~-~---~ ______ I \_----------------------~--------------. 

lLf6 £lectrlcal Spec 
6 Jan 1982 

By: HanK Koerner 
Page 6 of 7 

Dwg. No. 
A-llF6-9002-1 



'/ .. 2tf Pin ceramic packaqe pinout 

PIn • Signdl PIn 

1 vce 15 
2 HC 16 
3 t-IC 17 
4 NC 18 
5 Phase 2 19 
6 Phase 1 20 
7 Alarm A 21 
8 Alarm B 22 
9 SYf'4C 23 
10 OATA 24 
11 osc uut 25 
12 NC 26 
13 Osc In 27 
14 NC 28 

VI. 20 Pin Plastic DIP pinout listing: 

Pin # Signal Pin # 

1 SYNC 11 
2 DATA 12 
3 Osc Out 13 
4 NC 14 
5 Osc In 15 
6 FLAG 16 
7 ISA 17 
8 . P~IO 18 
9 Stop B 19 
10 Start B 20 

Title: lLfb ElectrIcal Spec 
Datet 6 van 1982 

If 

listing: 

Signal 

I~C 

.'4 C 
fLAG 
:'C 
ISA 
l-'wU 
.stoP B 
Start B 
i~C 

Start A 
NC 
stop A 
(ind 
r,C 

Signal 

NC 
Start A 
Stop A 
GND 
VCC 
NC 
Phase 2 
Phase 1 
Alarm A 
Alarm B 

Hy: ""'nk Koerner 
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tLF6 Detailed Description 

Tabl« of ConteDts ' 

I ntrodoct i on . . . . . . . . . . . 
~-.---

2~he Phineas Chip and·the 41-C S~Jstem Bus ........ . :3 

4 

2. 1 Back groond • ..••......•. .•..... 
... 
..:, 

2.2 Bit 'imas, wo~dti~es. and the two phase clock system. 

2 .3 PWO and system -:: enab Ie. . . • . . . . • • . • • • . . • 
3 
4 
4 
5 
5 
6 

2.4 ISA: in5tr.uction~-and~addresses-on the 41-C bus •• 

2~S SYNC: .periodic!S9nchronization. • •••• ~ ••••. 

2.6 DATA: data traasf'er in the 41-C. . • . • • • . • • • . 

2.7 FlAG and systam:int~rr.upt ..••..•••••••• 

2.8 Vcc and Gnd: s~st£!'P.-pol..,er supply. . .••.•.••• 7 

Hon-system lines on·th~ Phineas 
3.1 Osc In and-Osc.Out ..• 

chip. , • • • • • • • • • I €f 
8 
e 
'9 

• • • • • • • • • I • • 

3 • 2 A 1 arm A and B. . . . • . . 

3.3 Start and Stop:p in.. . . . 
. . . . . . . . . . . . . . 

The 
4. 1 
4.2 
4.3 

. . , . . . , . , 

Phineas Inst..r.oction Set . . • .. ..... . 

Enable Inst~uctions: CPFAD (1?60) and CDADD (1160). 

The PWO lo~ instr.oction, PWOFF (140). . •... 

Peripheral Instr.uctions l xxSO and xx70. • ...•• 

4.3.1 Data tra£lsfer instructions. .... . 

4.3.1.1 Wr.ite.Clock (50) ........ . 

4.3.1.2 Read.Clock (70) ....•..•. 

A. 3 • 1. 3 Illr. i te ~lnd Correct (150) . . . . . . 

4.3.1.4 Read-and Hold < 170) ....•.•. 

4.3.1.S Write Alarm (250) 

4.3.1 ~6 Read Alar.m (270) ........ . 

4.3.1.7 Wr.ite .status (350) • • . • • 

4.3.1.8 Read status (370) . .. . .. 

4.3.1.9 Write AccuroClcy Factor (350) . .. •• 

4.3. 1 . 1 0 Read Acc'.Jt'ac~J Factor (370) .. .. . 

4.3.1.11 Write Scratch (450) ....... . 

4.3.1.12 Read Scratch (470) .•. 

4.3.1.13 ~rite Interval Timer and Start (550) 

4.3. 1 . 14 Read I nter.wa 1 Timer (570) . . . 

4.3.2 Control Instractions. ... . .. 

4.3.2.1 Stop Interval Timer (750) ... 

4.3,2.2 
4.3.2.3 
4.3.2.4 
4.3.2.5 
4.3.2.6 
4.3.2.7 
4.3.2.8 
4.3.2.9 

. . Cle~r Test Mod~ (1050) 
Set·Test Mod~ (1150) 
Di5abl~ Alarm (1250) 
Enable Alar.m (1350) ... 
Stop Clock (1450) 
Start Clock (155Q) . 
S€t Point€r to 8 (1650) 
Set Point€r to A (1750) 

. . . . 

• {O 
• (0 
• f 0 
.11 

· t 1 
• 1 1 
· t 1 
• 12 
• 12 
· 12 
· 12 
• f 2 

t3 
· 13 
· 14 
· 14 
· 14 
• t4 
· 15 
· 15 
· . 15 
· 15 
• 15 
• t5 
• f 6 
· \6 
• t t-
• t6 

f6 

i 



tLF6 O.t~il.d Dcscr.iption 

5 The Statl.Js Register • • • • t7 
5.1 Alarm status" bits 0 through 5. · 17 

5. 1 . 1 ALMA < ALar.m A) · • • · • • · f3 
5.1 .2 DTZA (Decr:elllent Through Ze.r.o A) • te 
5.1 .3 ALMB <Alarm B) · • • • te 
5.1 .4 OT28 (D'!cecment Through .2e.ro 9) • • • 18 
5.1 .5 OTZ1T (Occr:cmcnt'Through Zero Inte.rqal T i RllEtr ) • IS 
5.1.6 . PUS ( Power. Up Status) • • • · . . • • • 18 

5.2 Hard",a,.. Status 6' bits 6 through 12. • • • • • ! " • • f9 
CKAEH (ClocK A .EHable) . " 

t9 5.2.1 • • • • • • • • • • • • • 
5.2.2 CRBEN (ClocK B Etlable> · • • • • • • • • • • • 26 
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+----------------------------------------------+------------------+ 
I 

Introdaction CHAPTER I 
I 

+----------------------------------------------+------------------+ 

The 1LF6 Ccodenamed'Phineas) is a g.ne~al .purpose CMOS LSI 
clock- chip. It_is desig~ed for Corvallis.Divison's 6u CMOSV 
process and it-m~asure~ 150 x 215 mils. The design of the tLF6 was 
begun in December of '979 and~character.ization of th~ circuit was 
complete in the fall of 1981. 

The lLF6 was designed as a periphe~al chip for the HP 41-C 
handh~ldcalculator. Its de~tgn is intended to allow it to 
implement any ti.eke~ping function consistent with the 41-C system 
design. Specifically. the lLF6 has been incorporated into a 
product known as the 'Tim~ Module' which provides th~ 41-C ~ith a 
larg~ number of timekeeping functions. Among them are a 100 hour 
stop watch with extensive split capability, a clock with or without 
constant display~ a 300 year calendar.. and a sophisticated alarm 
syste~ that allows from simple audible alarms·to interrapting 
progr.a~ alarms. 

The 41-C system commanicates via a56 bit serial bus. 
Generally, peripheral chips will transfer th€ contents of registers 
during communication with-the 41-C. The timer chip has nine of 
these registers: six are dedicated to timekeeping ta~ks and three 
provid~ general information. The six timekeeping registers consist 
of two independent 56 bit clocks, two companion alarms (also 56 
bits), a ~O bit inter~al timer, and a 13 bit register that allow~ 
.dju~tment to th4 chip's int€rnal time~ase. The r~maining thr.ee 
registers consist of two gener-al purpose sc~atch·register.s and a 13 
bit status regist~r which indicat~s the state of the circuit. 

A 32268 Hz quartz cr9stal provides th~ accura~y and stability 
for th~·th~ timer chip's timebase. The timer chip contains 
prescalers that'scal~ the input b~ a factor of 175/57344; this 
results in a 100 Hz signal that provides .01 second resolution to 
all the time keeping functioos. 5600 Hz clocks gate the 56 bit 
register3 so that they are recirculated'once every .01 seconds 
when~ver·the 41-C system.i~ inactive. Ho~~yer, when the system is 
.ctive. r~9isters are recieculated by th~:syst€m clocks once every 
.01 second, allowing commanication with-the 41-C to proc~ed without 
interruption. 

In addition to the above, the timer chip hai featur.€s which 
enhance its fle~ibilty-and-~apabilty. There is a lo~ voltage 
detect circuit that is activ~ when voltaQe is first applied or when 
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it drops 'below • lavel not sufficient to maint,ain proper cir.cuit 
operation of the clocks. There are four pins that give dir.ect 
control over the oper.ation of the clocks. The alarm~ ar.e br.ought 
to external pads so that"they can be monitor.ed directly. Finally~ 
therE is circuitry to aid in the t~st of the part; specifically, 
the test options make acc~ss to certain 'internal nodes and bypass 
the prescalers to allow easy synchronization with the part d~rin9 
test. 

The remainder of tbis document delineates the operation~ 
conditions for ~per.ation, and function of the 1LF6 timer chip. 
Ex.mples'are given of how',specific 'eatu~es art used within the 
context of the TiRe Nodule. Chapter 2 covers the 4t-C bus 1 bus 
reqUirements of the tLF6, and,bus functions implemented by the 
1LF6. Chapter J desc~ibes the non-system"signals requi~ed and 
created by the timer chip. The instruction·set is discussed in 
Chapter 4, as is the Status R~gister in Chapter 5. Figures and 
Tables re'erence~ througbout the text are ass~mbled in Chapter 6. 
Other useful documents ar-e: 

1. HP Dra~in9 Humber. E-1LF6-9001-50 : lLF6 Logic Oia9~am 
2. HP Dra~ing Humb~~ A-1LF6-9002-1 I 1LF6 Electrical Spec 
J. HP Drauing Humber A-82192-6990t-1 ~ Hybrid Electrical Spe~ 

The electrical specif.ications define timiog, level l and sopply 
limits and-requirements. ' 
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+----------------------------------------------+------------------+ 
I I 
I The Phineas Chip ~nd-the 41-C SY$tem SU$ CHAPTER 2 I 
I I 
+----------------------------------------------+------------------+ 

2.1 Backg~ound. 

The 41-C system bus~and calculator"chip $et have evolved from 
earlier calculator desigcs. In"par.ticular, the 41 CPU is a CMOS 
implementation, with enhaocements, of the Woodstock P~OS CPU which 
in turn was a derivation from the classic line processor circuits 
(ea. th~ HP 35). This·s~cti~n~is not-meant to be an exhaustive 
di;cussion of the 41-C bus~ but.to supply general information to 
help the user uode~stand~ope~ation of the Phineas chip. 

2.2 Bit tim~s, wordtimes, and the two phase clock s9stem. 

The fundamental ti~ing uoit is the-bit time. All timing 
specifications are .ad~ in re~erence to this unit. The 41-C bus 
us~s a two phas~ clock s~stemJ the two_clocks are called Pha$~ 1 
(Pht) and Phase 2 (pn2). The bit time-has:the sam~ p~riod (Tp) a$ 
each of the clocks; its boondaries are coincident with the ri$ing 
edge Ot Ph2. No_inally, the clocks have a pulse width CTpw) equal 
to 2/8's of the period; the clock delay (Tcd) is equal to 1/8 of 
the per.iod. Operating fr.eqoeocy is the re~iprocal of the bit time 
period. Output data valid time CTdv) is"measured from the trailing 
edge of Ph2; output one/%ero tr.ansitions will .be valid within this 
tim~. Inpat set up time (Tsu) is .easured from the trailing edge 
of Phl toward tha beginning·of the bit-time; input one/zero 
tran~itions will be valid~within this time. See figure 1 for a 
simpl€ diag~am and refer-to the lLF6 Electr.ical Specification for 
more inform~tion on tbeseJparameters. The Phineas chip inputs Ph! 
and Ph2, ~nables them with PWO, and uses the results as its own 
internal.clocks. 

The 41-C system bus operates on a 56 bit (bit time and bit ar€ 
equiv41ent,) cycle known as-a ~or.dtime. The 56 bit leogth allows 
for a 14 bcd digit word. The 41-C perform~ internal computations 
in floating poiot; the 14 ·digit computational word consists of a 2 
digit exponent# a 1 digi: exponent sign, a 10 digit mantissa. ·and a 
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t digit mantissa sign. All registers and Ram used in the 4t-C 
system are-designed in 56.bit·chunks to accomodate a 14 digit bcd 
word. Each bit in the word is numbered in-ascending order. the 
first or least significant bit is bit 0 (spnonymous t€rms are bit 
0, bit time O. time O. and TO). the last or most .ignificant bit i~ 
bit 55. Whenever data. add~ess. or instruction are transmitted on 
the 41-C's ~erial .bus. it:is transmitted least significant bit 
first. 

2.3 PWO and system enable. 

PWO is the line that·informs the system that th~ bus is 
active. Its leading edg€ ser:~e$ as initial timing synchronization .. 
Its inactive or lo~ _state is_used to reset system coucte~s and 
clam~ dynamic nodes. See .figure 2 for PWO timing. P~O is also 
used to enable the clocks. An integrated pull down of 
approximately 200K ohms·stabilizes PWO while power is first 
applied. In the Time Nodule. the pull down helps insure that 
internal clocks are inactive (assuming·the"calculator-is off) 
during insertion which often causes contact bounce. This in turn 
guarantees·that impor.tant·initiaJization ~tatus, such as the Po~€r 
Up Status bit. are not accessed .until all.system lines are stable. 

2.4 ISA: instructions-and:addresses on the 41-C bu~. 

During bit time~ 14 throogh 29 the CPU issues a 16 bit seriat 
addreSS on the instruction and address (ISH) line. A Rom connEcted 
to the system bus will decod~ the address and output a ten bit 
serial instruction. The instr.uction is ootput on ISA during bits 
44 through 53. All cir.coits·other than Roms input the 10 bit 
instructions; it is the mean~ by which the CPU controls actions and 
supervises data _communication with other chips in the s9stem. 

There arQ a class of instructions knogn as peripheral/data 
stora9~ instructions; th€ opccdes are r€presented by xx50 and xx7D 
octal. These instructioos ·:ontrol both Phineas and data storage 
(Ram). To avoid contention, Ram and pe~i;heral chips each hav€ 
separate chip enable instructions and addr.esse~J when enabling one 
of thesechipsl .care ~ust'be takEn to iosar€ one and only on~ 
device is enabled at the~same time. 

As $tatEd ~bove, instructions are output for 10 bits during 
the latt€r part of the wordtime. However. only On£ instruction per 

4 
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wordtime is issaad; tharefor~. instructions are valid for an entire 

wordtime'and their validity begins two.bit~ after Rom has oatput 

th€ last bit of the inst~oction. So. the'statement 'at the end of 

~n instruction' r~fers to'the la$t bit of the word for which the 

instruction applied. See~figur.€ 3. 

When the system bus,is inactive - PWO low - ISA has another 

system function. It is pulled high by peripheral chips to request 

service. In the 41-C this may occor when the calculator is fully 

off; before the CPU can p-espood. the switching power sopply is 

started and the supply voltage,Vcc is 'st~pped,up to nor~al 

op€rating levels. This'p~ocess'may take 50 mS or more. In any 

cas€. Phineas will drive,ISA high until the system ackno~ledges its 

service reque~t (signified,by bringing PWO high). The timer chip 

will then tristate its ISA d~iver and d~ive Flag 13. Read the 

sction below on FLAG. 

2.~ SYNC: per-iodic synchronization. 

SYNC is a to bit wide.pulse output.by the CPU., The pulse 

occurs at instrur.:tion time <bit'times 44 thro'.Jgh 53). It has a 

number of purposes", two ar.e'discussed here. The first USE: of SVH.c 

is to provide a periodic:syncnroni%ing,signal to the rest of the 

system. Use of SYNC in this,~ay allows recovery from disturbances 

causin9 temporary loss of communication. The second use of SYNC is 

to enable iostru~tions appearing on ISA. The CPU will suppress 

SYNC for one word time when'it executing a 16 bit goto or gosab; 

the data output on lSA while SYNC is supp~e$sed is address. not 

instruction, and should not:be decoded by chips other than the CPQ. 

Phineas inputs SYNC and implements both functions stated ,above. 

2.6 DATA~ data tr~nsfer'in the 41-C. 

~ATA is the line over which all data 'transfer tak~s place, 

data being distinct from~either addresses 'or instructioos. 

Normally: the CpO drives.DATA with the content~ of one of its 

registers; if instructed~a pe~ipheral device ~an bu~fer this data. 

Ho~ever. ~ series of instructions may be issued, commanding the 

peripheral devi~e to outpot its.oyn data. At that time. th~ CPU 

tristates its DATA driver'and inputs the information ~ppearing on 

the DATA line. 

Data transfer always:occurs 56 bits:at a time. The CPU alw.:a5ls 

5 
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output; a full d~t~ word. I~ fewer th~n S6 bit~ ~re required bV ~ 
peripheral~it simply igno~s the extra:bits. Similarly. the CPU 
alw~ys inputs a full data~word. A peripheral device should drive 
DATA to a valid logic le~el for the entire word even if only a 
portion contains real ,da'a. Data tran~fer occur~ with lea$t 
significant bit first. most significant last. With bcd data this 
tran~lates to least significant 'digit fir.st. etc. A digit or digit 
time is defined:as the four 'bits comprising a bcd digit. A word ~s 
devided into 14 digits in~a.£ending order. SeQ figure 3. 

2.7 FLAG and system in~err-upt. 

FLAG provides pe~ipbe~~l'devices with a means of requesting 
s€rvice from and/or indicating status to the CPU. The protocol of 
FLAG has 'changed since tbe o~iginal dQ$ign of the 41-C to allow 
greater flexibility and usage. There are 14 flags avail~ble; each 
is time multiplexed onto-the FLAG line. Each flag is coin~ident 
with its correspocding digit-time. ie. flag 8 occurs 
simUltaneously with digit,S. To indicate a valid ~lag. a device 
should drive FLAG low at-the-~ppropriate time and then dr.ive it 
high when it is done. The CPU has a high impedance pull up ~hich 
can maintain state~ but not-change it. See figure 4 for FLAG 
timing. All flags but Flag 13.should ,be-driven by a device only if 
that device is,s~lected. This convention promotes maximom ase of 
FLAG ~itbout contention. 

Flag 13 is the system service request flag. This flag is 
ch~ckQd at-thegnd of Qve~y kaY$troka and program stapf A 
peripheral davic~ requ£sticg ~ervice sbould drive this rlag. Since 
ther~ can be more than one-device requiring s~rvic€, Flag 13 
requi~e5 ~ 'wir€d or' con~Qntion. That'is~ all chips with valid 
flag. should pull flag low. but false flags must not pull it high. 
As berore. FLAG should be"r.eturned to its inactive state at the end 
of Flag 13 time. 

Phineas uses Flags 12 and 13. Flag 13. as stated above. 1$ 

driven to request se~vice-wheneyer an alarm condition exists. Flag 
12 is dri~en when the'abo~e cccdition is tru~ and Phineas is 
enabled. This second flag'reduces the-s~rvice re$ponse time in a 
loaded system. Additional ,status is obtained by directly 
interrogating the chip. 

6 
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2.8 Vee and Gnd: sy~t€m: power supply. 

The Phineas chip'has two power supply connections, Vec the 
positive lead. ~nd Gnd tbe'nQg~tive lead. All cir.cuitry is run 
rrom·this voltag~. and all inpats and outputs art rafer.enced to 
this It~el. $~e the 1lF6 Electr.ical Specifications, HP drauing 
number A~tLF6-9002-1, for opt~~ting li.it~ on the supply voltage 
and input.and oat pot sigDals. 

7 
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+----------------------------------------------+------------------+ 
I 

Hon-system lin~s on th~ Phin~as chip. CHAPTER J I 
I 

+----------------------------------------------+------------------+ 

Ther.a art eight pins~on Pnin~as in addition to tnosa described 
abov~. These.pins are either'necessary for corr~ct the operation 
o~ the chip or provide spe~ial _features not ~ound within the 41-C 
syste~ bus d~~icition. 

3.1 Osc In and Osc Out. 

Thes41 two pad».connect-the·chip's internal'oscillator to the 
outside wor.ld. The 'Pie~ce' oscillator has _~een designed to accept 
a standard 32768 Hz watch -_crysta 1 with a e.!oadJof 12.5 pF (eg. 
HDK's 'MU 206). Each·pad.is·connected to an integrated 22 pF phase 
shift capacit.or ·to ground.. P-WU 1 sour=ce 're3istors of 
appro~imat.ely 250K ohms ha~e also been int.egratedto reduce power 
consymption andinc~ease;stability due.to power supply variations, 
Osc Out, the output of tbe·oscillator, is input to a Schmitt 
·trigger which has been optimized for wide supply ranges. low power 
operation, and greatly reduced input levels. A high impedance bias 
resistor of 22M ohms is:connected to both pads in parallel with th€ 
crystal. Refer to the lEF.6 lcogic diag~am ~or a complete schemattc 
o~ the oscillator. Typical :performance o~ the oscillator at room 
temperature and with a 5 volt supply volt~ge is +- 0.5 seconds per 
day or approximately +- 6.ppm error usiog th~ crystal mentioned 
above. Supply variations:of +- 2 volts introduce additional error 
of +- 5 to 10 ppm. 

3.2 Alarm A and e. 

The alarm pads.serve .tw~ functions: 1. they provid~ ~xt€rnal 
conn€ction~ for Phineas' internal alar~s. and 2. they serve as 
test pads. Thera are two.clock re9iste~s. two alarm registers, and 
t.wo alarms on t·h~ Phineas ~chip. -. This allo~lS: h}o complet€ly 
indQP~nd€nt timekeeping functions. Alarms'become valid when' the 
alar~ register m~tches theilock r~gister. The alarm pads will 
reflect the state of the:alar~~ with the ~ppropriate control status 

e 
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(i.e. TESTA = TESTB • 0). In the Time Module the alarms viII 
remain valid for only the:tim~ it takes the 41-C to s~r.~ic~ them; 
this interval "is 1 - 50 mS in a normal system. 

During functional t€~tin9 of Phineas~ the ~ontrol status TEST~ 
and TESTS is alte~ed to bring ce~+'ain inter.nal nodes to the Alarm 
pads, This feature gr.eatly facilitates verification of several 
blocks of logic including~th~ pres~alers and the Accuracy Factor. 
Rcad"the"~€ction. on TES1A and TESTB for "mOrR information on the 
test ~acilities. In the "Time Module the internal ala~ms ate alwavs 
brought out. to·thc alarm"pads. Thc alarm pads are inverter. outputs 
with roughly half th~ d~~ve.capability of the DATA driver. 

3.3 Start and stop pins. 

Th€ four Start and Stop pins provide·remote control ov€r e~ch 
of the clocks on the chip~ one set of control pins for each clock. 
All piDS"~SSUme positive "true logic. Each "set of inputs is 
conn€cted -to an a~ynchronous_state machine-that has several 
purposes. 1. The inputs;ar~ de bounced for at least .01 seconds; 
th~ debounc€ period may not·be lbng enoogh for noisy inputs. 2. 
The state machine insures:oper.ation of star.t/stop instructions even 
when stuck at ~cro~one faults exist on·the -start~stop pins. 3. A 
toggle function is implemented when stop ~nd start are wir.ed 
toget.her allowing single;posbbotton control of the clocks. Pulling 
Start A high se~s CKAEH ~hich"starts Clock A. Pulling Stop A high 
clears CKAEH which stops.Clock A. When Start A and Stop A are 
connected pullin9 them high r __ sults in·th __ "+.oggle function; pulling 
them high once will start:Clock A~ pulling "thEm high .gain will 
stop Clock A. Start and- Stop B h~vc a simil.r __ ffact on Clock B. 
The start and stop pins h.ve integrated poly resistor pull do~ns of 
about 2.SK ohms "connectea:to .ach pad. 

9 
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+----------------------------------------------+------------------+ 
The Phineas Instruction Set CHAPTER 4 

+----------------------------------------------+------------------+ 

Phineas responds·to_24 instr.uctions. Twenty on~ of these are 
p~riph£ral instructioos~ either t9pe xx50 or xx70. The peripheral 
instructions fall into two c~tegories. data transfer and control. 
Of the three non-paripher.al or general s9stem instractions, two are 
enable instructions and·on~-is a po~er off instruction. Table·t 
pres~nts a summary of the~instruction set. The instrgctions 
desc~ib~d'below are follo~Qd.by their octal representation in 
parenthe~is. 

4.1 Enabl~ Instructions: 'CPFAD (1760) and CDADD (1160). 

CPFAD (cpu C register. to PeriFeral ADdress) is the instruction 
that enables and disables:th~ Phineas chip.as well as other 
peripheral chips. CPFAD enables Phineas in the follo~ing sequence~· 
1760 octal is output onto.ISA at instruction time followed two bit 
timQ3 later by Phineas' cbip~address~FB hex. least significant bit 
first. at bit times 0 thr.ough 7 (chip address time) on DATA. This 
s~quence.sets·th~ chip eoable flip-flop; peripheral instructions 
are ignored unless chip enable is s~t. Chip enable is reset when 
CPFAD is.issued with an .addr.ess:other than the Phineas address. 

CDQDD (cpu C register. to Data sto~age ADDress) is ·the system 
instr.uction used to enable data·storage cbips or Ram. Because Ram 
and peripheral chips lik~~Phineas share the s~me data transfer 
instructions. only one chip'at a ti~e may be enabled to avoid 
contention or 'bus fighting', To insurE that Phineas is neVEr 
enabled at·the same timelas:data storage, the CDADD instruction 
will reset chip enable regardles~ of tne d~ta appearing at chip· 
address time. 

4.2 Th~ PWO lo~ instraction, PWOFF (140). 

PWOFF (PWo OFF) ins~rocts the system that PWO will bE driven 
low during the curr~nt wo~dtime (the wordtime directly after PWOFF 
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is .cnt) at bit·time 54. Se~ figure 6 for PWOFF timing. Phineas 
incrtllEnt3 its clock registErs every .01. seconds as~mchron"usly 
with"respect to system timing. Ho~ever, when the sy~tem is activ~, 
the increment cycles~ thoagh·trig9~red ~very .01 seconds. will be 
synchroni,ed with word time:boondaries. This feature all~ws 
simultaneous dat~ transfer and incrementiDg. If the .01 second 
trigger occurs ~rter PWOFF i5sue~, incr~m~nting takc~ place at once 
rather than waiting for th~-next word bocndary to avoid losing an 
increautnt cyclc. 

4.3 Peripheral Instructions~ xx50 and xx70. 

There are thirty two:pcriphtral instructions which map be use~ 
by all-per.ipherals, Gener.ally, the xx50 instruction~ ar.e used to 
send data-to the peripher.al or inact a control function. xx70 
instructions arc used·to·rec~ive data from the pe~ipheralsl in anp 
case, an xx70 instruction~causes the 4t-C CPU to tristate its DATA 
driver and buffer into i\s C register wh.t«ver appcars_on DATA 
during this instruction. The .xx reprEseots the octal nambers 00 
through 17. 

Phineas uses twenty one ~e~ipheral iostructions. These are 
broken int.o twelve dat~transfer and ninc·control instructions. 
The data transfer instructions access regIsters on Phineas, the 
control instructions either-manipulate.status on Phin~as or cOllmand 
it to tak~ an action. 

4.3.1 Data transfer iostroctions. 

4.3. 1 . 1 Wr. i til Clock (SO) 

C~uses the currently accessed clock register to buff~r 56 bits 
~ppearing on DATA during-this instruction. Read the section on 
CKAEH for more intormation on clock registers. 

4.3.1.2 Read Clock (70) 

C~uses th£ curr£ntly acc£ss~d clock regi5t£r to output its 
contents I least signific~nt "bit first, _onto DATA during this 
in~trr:lction. 

1 1 
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4.3.1.3 Writ~ and Correct (150) 

Causes the sam~'action as Write Clock above. In addition it 
commandE·the correction ·cir.cuitr~J to either reset or to add t~o to 
th~ clock 'on the next increment cycle. Se~ Read and Hol~ telow. 

4.3.1.4 Read'and Hold (170) 

Causes the same action as·Read Clock abOVE. In addition it 
initiates a corr€ct cycle~ This teatur.e is used when a timE is to 
be read. ~odifiedl .nd r~stor~d·to Phiceas.without loss Ot accuracy 
(e.g. when adjusting tor·da91ight savings time), The correct 
circaitry allows the user .01 seconds to modify and restore the 
time. If an increment c?cle'occurE during-this time. the corr.ect. 
circuitry compEnsat~s .by adding two to the time on th~ nExt 
increment cycle. If no increm~nt occurs during the modify/restore 
process the correct circuitry is res~t. If modify/restore Exceeds 
,01 second~ then two is adde~ on the next increment cycle but 
accur.acy cannot'be Quaranteed. In a normal 41-C there are at least 

" ,"67, word' t i me~ ; per • (,1 second per. i od. The Read and HoI d instruct ion 
Linitiates the :correct cycle and it is concluded by Write and 

Correct .. The :correct 'stat~'machine will'not be reset to its at 
rest state unles~ a Wr.ite~and Correct follow~ a Read and Hold. 

4.3.1.5 Write Alarm (250) 

Causes the currently accesse~ alarm register to buffer the 56 bits 
appearing en DATA during-this instructicn. Read the section on 
ALAEN for more information'on alarm registe~s. 

4.3.1 .6 Read Alarm (270) 

Causes the currently acc~ss~d ~larm register to output its 
contents~ least 'significant:bit firstl onto DATA during this 
instr.acticn. 

4.3.1 .7 Yrite Status (350) 

If the pointer is on A. tbis instruction caoses the status registEr 
to b~ written. Actually, only the first six of th~ thirteen status 
bits can b~ written and·tbese only to a zero lev€l. To accomplish 
this the us~r must drive ·DATA lo~ for the first six least 
significant bits of a wor..-d; all .oth€r bits 'ar€ ignored during t.his 
instructicn. Internal hardware "S€ts thes~bits and the user r€sets 
them. Ref€r to the follo~ing chapter on ·th€ Status Regist€r. 
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4.3.1.S Read Status (370) 

If the pointer is on A, this ins+.ruction ~aus€s th~ statas r.egist€r 
to b~ read. The status r.egister ouputs "its thirteen bits, least 
s1gnir1~ant bit first. aDd then "drives DATA low for the remaining 
43 bit times. 

4.3.1.9 Write Accucacy~Factor (350) 

If the pointer is on 8. this instr.uction writes DATA to the 
Accuracy Factor. Hote that "the Accuracy Factor buffers only data 
appearing "at bit tiau~s 4 through 16. "The: Accuracy Fa~t"or is a 
thirteen bit registar"tha~ controls modif.ication of Phioeas' 
internal 10240 Hz timeba~e. The: first twelve bits fo~m three bed 
digits which represent an'inta~val in the form of +- nn.n seconds, 
This interval controls how of tan pulsesar£ added or subtr.acted 
from the 10240 Hz ra'eraace. The thir.teenth bit is a sign bit; a 
zero ~eans pulse~ are "added to the refer£nce. a one ~eans ~hey a~e 
subtracted. For example. an ~ccur.acy factor of +00.1 causes a 
pulse to be adde~ 10 times a _second; therefore the t0240 Hz 
re:ferenc~ becomes 10250 Hz. The error of a product using the 
Phineas chip ~an ba corract~d through us~ of the Accorac9 Factor. 
The following formulas relate the error-to-the Accuracy Factor 
se:tting. 

Intial Error = 10 A 6 ... <Tiadicated - Tactual) 

<Tactual - Tinitial> 
= "ERRppm 

AF = - 10"6 

10240 ... ERRppm 

Initial Frequency • t0240 + <ERRppm .... 0124) Hz 

Final Freqoency = Initial Frequency + 1/AF Hz 
(AF round€d to on~ significant figure) 

Final ERRppm = 10-6 * (Final Fr~quency - 10240) 

10240 

ERRspd =:ERRppm * .OaiA 

~here Tindicated = time indicated by the Time Module 
Tactual = th€-correct time when the error is measured 
Tinitial = the-time ~hen time is first set 
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4.3.1.10 

ERRpplII 
ERRsp-:t 
AF 

• Error'in parts:per million 
= Error'in seconds"per day 
= Accur-acy Factor 

Read Accu~acy Factor (370) 

If the pointer is on B~ this instruction cause3 the Accurac>J Factor 
to output .its 'contents onto DATA at bit time3 4 through 16, least 
significant bit first, sign .bit .last. DATA is driven low at all 
other time3 during this wo~d. 

4.3.1.11 Write Scr.atch (450) 

Causes the currently accessed· sceatch register to buffer the 56 
bits ~ppe~ring ~n DATA dor.ing this instruction. There are t~o 
gener~l pu~pose.56 bit sc~atch registe~s that are called A and B; 
access is controlled by th.·pointer. The intent of these registers 
is to provide the user with on chip storag~ for important status or 
variables. 

4.3.1.12 Read Scr.atch (470) 

Causes the currently accessed·sc~atch register to outpot its 
contents I le~st.significant·bit firstJ onto DATA during tbis 
instr.uction. 

4.3.1.13 

The Interual Tiller is a five bcd digit register that .ay be used to 
create per.iodic .alarms raoging from .01 to 999.99 seconds. The 
Write Inter.\l~l Ti~er and Start instruction causes the Interval 
Timer to buffer the least :significant fiv~ digits appearing on O~TA 
during this instruction as its terminal count and to enable it3 
interval counter by setting ITEN (see the"section'below on ITEN). 
The interval counter is cleared'and started; the counter increments 
from zero towards the·te~minal count. ~hen the terminal co~nt is 
r.ached. the counter is ~eset and the pr.ocess begins ~9ain. The 
terminal .~ount state sets'tha D~crement Through Zero Interval Timer 
(DTZIT) status bit which will C~USQ the Phineas chip to requ€st 
s.rvice regardless of whether the bus is ~ctive. DT2IT will re~~in 
set until cl~~r~d by ~ W~ite Status instr~ction. The Interval 
Ti~er is.used by the Time~Module to gener3te service requests for 
its continuous displ.y 'C[OCK' function; in this cas~ the Interval 
Timer is:set to either 1 second·or 1 mioote and th~ periodic 
service requests enable th~ Time Module to update th~ 41-C's 
display lik~ a digital clock. . 

14 
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4.3.1.14 

C.use~ the IntQrval Timer·to be r€ad. The interval Timer outputs 
its 20 bits, least significant bit first, onto DATA and drives DATA 
low dur1ng-the·rema1ning:36.bit·times. 

4.3.2 Control Instroctions .. 

4.3.2.1 Stop Interv~l Timer (750) 

This instruction clears·the ITEN status bit; ITEN is set only by 
the inst~uction Write Inter~al Timer and start. Clearing ITEN 
dis.bles·the Interval Timer-coanter; it·does not res€t the counter 
or clear DT2IT. 

4.3.2.2 Clear Test ·Hode~(1050) 

Causes the currently access~d Test Mode flip-flop to be cleared at 
the end of this instroction. 

4.3.2.3 Set Test Hode (1150) 

Ther~ are two Test Mode flip-flops that-are called TESTA and TESTS; 
access is controlled by the·pointer. The Test Hod~ bits are 
cleared for normal operation; setting Test Hode invokes special 
states that aid·in testing the part. Test featurs ar€ detailEd 
below in·tha saction on TESTA .nd TESTB. 

4.3.2.4 Disable Alarm (1250) 

Clears the currently accessed alarm enable status bit at the end of 
this instr.uction. The alarm &nable status.bit controls the 
comp~rison of th~ alarm ~egister with its:corresponding clock· 
register. If alarm enable is set, the compare is enabled; if 
clear, the compare is inhibitQd. Disabling an ~larm ~il) gate orr 
all clocks to th~ register; consequently, there is a slight 
decrease in power consumption. Thisinstr.uction doe3 not cl€ar 
curr~nt alarms, it inhibits or disarms·future alarms. SE€ the 
section de.scribing ALAEN· for ",or_e de.tail. 
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4.3.2.5 Enable Alarm (1350) 

Sets the currently acces~Qd alarm enabl€ $tatus bit at the end ~f 
this in3t~uction. This ~ill arm future alarms. but will not S€t 
current alarms. 

4.3.2.6 Stop.Clock (1450) 

Clears the currently accessed clock enable status bit at the end of 
this inst~uction. The clock enable bit "determines the state of the 
clock. If the clock enable is set, thc clock.is on and 
incre~Qntiog; if clear, th~ clock is off. Whcn clear, incrementing 
and alarm co~pari50n are"inhibited, and all clocks to the register 
are gated off, r.esulting in a slight decr.casc in power consamption. 

4.3.2.7 start Clock (1550) 

Sets·the currently accessed.clock enable status bit.at the end ~f 
this inst~uction. Start Clock enables·the·clock's incrementer. 

4.3.2.8 Set Pointcr·to~8 (165~) 

Sets·the"pointer flip-flop to the B state. Phineas has two clock 
registe~$, two alarm regt~ter.s, and t~o scratch registers. There 
'is one set of instractioDs to commonicate ~ith two sets of 
registers. To ~cce5S a specific register, the user most indicate 
which set of registers he,wants·to commanicate with. He does this 
by manipulating th~ pointer. To communicate with Alarm e, the 
pointer is-set to B. To·r.a~ or write·the Status Register. the 
pointer mU$t be set to A. Changing the "state of the pointer si~ply 
redir __ cts instructions to"th~ register spe=ified; it does not . 
effect the'~achine in"any other way. 

4.3.2.9 Set Pointer "to ·A (1?50) 

Sets "the'pointer flip-flop to the A state:at th~ end of thi3 
instruction. Set the'pa~agraph'above for additional information. 

16 
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+----------------------------------------------+------------------+ 
Th€ Status Register CHAPTER ~ 

+----------------------------------------------+------------------+ 

Th~ Status Regist~r~ a regtst~r o~ thir.~een·status bits, indicates 
to the user the st~te o~ ·correspooding hard~are. Each status bit 
is ph~J.ically loc~ted"nQar- the har.dware it'repr.esent~. Because of 
this# th~ register is ~cto~llya multiplexer which merges the bits 
onto a ~omm~n line. Howe~er~ representing-the status bits as a 
register provides a str.ai9htf~rward means of describing their 
function. 

The St~tus Register is·accessed by Read and Write status 
instructions. H~te that-the pointer must be set to A since thEse 
instructions share the sam __ "opcode as the Read/Write Accuracy 
Fa~tor instructions. Re~erto tbe paragraph» above describing th~ 
instructions. A re~d will caase the Stat~s Register to output its 
13 bits onto DATA beginning"at-TO. DATA is driven low for the 
remaining 43 bit tiaes. 

Writing the Status Registe~has a dirferent e~~ect than 
writing other registers. The Status Register contains t~o types of 
status~ alarm an~ hardwa~e'status. Alarm status comp~ises the 
first six bits in the Status Register; these bits. when set. will 
generate service requests. The "only way to clear one of these bits 
is by ~r.iting a zero to its "bit locaton dur.ing a Write Status 
instruction. Alarm status.is-set only by the internal hardw~re of 
the timer chip. For example. the status bit ALMA is set only when 
a valid compare between Clock A and Alarm A occurs. The remaining 
seven st~tus bits constitote·the Hardware status. Hard~are stato~ 

infora~ the user how the:part is "set up; these bits are set and 
clear~d only by the contr.ol iDstruction~. Therefore, writing 
status res~ts only the ~ir.st six bits in-the register and has no 
other effect. 

The following parag~aph~·describe:the function o~ each staeos 
bit in det~il. Note that:positive true logic applies to each 
status bit. For a summary, please rerer to table 2. 

5.1 Alarm statu$~ bits 0 through 5. 

There are six alarm'status bits; wh€n·~€tJ each of these .bits 
except the PUS.bit will reqoe~t serwice.by either pulling ISA high 
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wh«n th« ;yst«m is in~~tive or pulling FLAG low when the system is 
active. 

5. 1 • 1 ALMA (Al~rm A) 

This bit is set when Ala~m A matches Clock A. See ALAEH for more 
datail. 

5.1 .2 DTZA <Decr«ment ThrooghZer.o A) 

This bit is set when Clock A overflows whil« incrementing. When 
this Qcc~rs, the register--roll •. over to all zeros and continues 
incrementing. If a negative ten's compl€~ent number is stor.ed in 
the clock register, it will.be incrementEd tcwards zero. WhEn the 
count hits zero, the clock register overflow; setting OTZA. 

5.1 .3 ALMB (Alarm B) 

This bit is set when Alar.m B .a~bes Clock B. See ALAEH for more 
detail. 

5.1 .4 DTZB (Decr.ement Through .Zer.o B) 

This bit is set when Clock B overflows while incrementing. See the 
description for DTZA for"",ora details. 

5.1 .5 DT21T (Decrement'Through Zero Inter~al Tiaer) 

This bit is set when the .Interval Timer reaches its terminal count. 
Hote that the·terminal cQunt register is ~ompared bit for bit with 
the interual counter which is incremented.as bed; the terminal 
count should al;o be stored'as a bed number. See ITEH for ~ore 
detail. 

S.1.6 PUS <Power Up Status) 

This bit is SEt when Phi~eas first h~s~pow€r appl~ed or whenev£r 
th~ supply wolt~gE falls~below ~ level sufficient to sustain pr~p€r 
circuit operation (charact«rization indi~ates that the average trip 
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voltage is 2.5 V +- 0.3 ov~r a 0 to 65.degree C t€mpera~ure ranqe). 
Hate that this bit dO~$ not:generate a ~ervice request. PUS is 
used to inform the user·tbatthere may be meaningles~ data in the 
register. •. In the Time Nodule the chip i$·initiali.ed if PUS i$ 
set; the ti~e and date are reset to the'beginning of the calendar~ 
(12:00 AN. January 1# 1900) and all other'status i~ cleared. PUS 
uses a two thr~~hold d~tection scheme coopled to a ratioed 
flip-flop designed to poger up in a known state. Refer to the 1lF6 
logic diagram for a full' PUS circuit schematic. Th~ PUS detection 
circuit is clocked to reduce ?ouer consumption; the duty cycle is 
3.12~ and·the"circuit.is:gated on for 15.3 uS. The aver-age current 
drain at 6.5 Y is 0.1 to.O.5 uA. When PUS is set. service r.equests 
via the ISA and FLAG lines are inhibited. This prevents the Ti~e 
Module from disr.upting the system when it is first in.erted into a 
calculator. 

5.2 Hard~are Status. bits 6 through 12. 

The hardware status bits'reflect the state of the Phineas chip. 
Read Status interrogates~the·these bits. Write Status has no 
effect. Hard~are status.is s~t'and cleared by each of the 
respective set and clear instruc~ions. Refer to the chapter above 
on the Inst.r.uction Set. 

5.2.1 CKAEH (ClocK A EMable) 

CKAEH indicates whether Clock A is enabled'~nd incrementing. Eacn 
of the two clock registe~s consists of 56 bits or 14 bcd digits. 
Every .01 seconds the registers, if enabled. are recir-culated 
through a $erial incrementer. 'The registers are bcd corrected 
every increment cycle. I~ non-bcd is stor.ed to the register. it 
will be converted to bcd:on·tne first increment cycle. When the 
system bus is dormant. the clock register$ <and all timekeeping 
registers) are recircul~ted:continuously at. a 5600 Hz clock 
frequency, each increment.cycle.taking .01 seconds. When the 
system bus is active~ the~clock registers are reci~culat~d at 
sy~t~m clock frequency~ 340·to 3eOK Hz. Any timekeeping registers 
may be accessed at any time without h~ving to w~it for an increment 
cycle. -The increment pr.ocess. as far as data transfer is 
concerned, is completely tr~nsparent to th~ user. An incre~ent 

cycle lasts appro~imately 165 uS. The "clock registers are static 
during the remainder of the .01 second·pe~iod. The increment cycle 
is initiated at TO~ the beginnin~ of a wordtime. so that data 
transfers between Phineas!and the CPU proceed without interr~ptioo. 
Th€rs are twoa~ynchronous state machines that implement the clock 
switching function and the increment cycle synchroni •• tion 
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function; they arc ~.llad th~ Clock Enabl~ stata machine and the 
Update In Prog~ess statermachin€ re$p€cti~ely. 

5.2.2 CKBEH (ClocK B ENable) 

CKBEU indicate~ whether Clock Bis enabled-and incre~enting. 
Please read the pa~ag~ap'ns-describing CKAEH for more detail. 

5.2.3 ALAEH (Alarm A EHable) 

ALAEH indicate~ whether Alarm A is enabled-and sequentially 
compared to Clock A. Ther-£ are two 56_bit alarm registers. each i~ 

linked to a specific clock register. The-alarms are used to 5tor~ 
14 bcd digit ti.cs which are ~ompared bit for bit with their 
respective clock r~gister. If the alarm and clock match and the 
alarm register Is enabled~ then the alarm bit is set. Hota that a 
non-bcd alarm cannot result in.a valid compara with a clock 
register. Whan an alarm is dtsabled~ the clocks to that register 
are inhibited minimizing power consumption by that s~tion of 
logic. 

5.2.4 ALBEH (ALarm B EHabl€) 

AleE~ indicates whether Alarm B.is enabled-and seqcentially 
comp~red to Clock e. Please read the par.agr.aphs describing ALAEH 
for more detail. 

5.2.5 ITEN < Inter.val Timer ENable) 

ITEN indicates whether the Interval Timer is enabled .nd coonting 
up towar.ds the terminal cocnt. The Interual Timer, a 20 bit, 5 bed 
digit circuit, ~onsists of two main components, a terminal count 
register and an interval _cou~ter. The terminal cocnt is the 
register accessed by Read~Write Int€rval Timer instructions. It 
hold~ th~ number comparad to th~ interval counter. When the 
terminal count .~tch£s tbe interval cocnter. DT2IT is set, and the 
interval ~ounter is reset to zero and a9~in counts up towards the 
terminal count. In function. the terminal .count register i~ very 
similar to ~n alarm. Hot~ that a non-bed number stored ~s the 
tQrminal count will prevent the interval ~ounter fro~ matchirig. 
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5.2.6 TESTA 

The two test mode status"bits~ TESTA ~nd TEST8~ se~ve as cont~ols 
to test optlon5 on Phineas. Th~se bits·control the signals output 
to tha Alarm A ~nd 9 pads~ ~nd cont~ol b9pa5$ing input frequency 
pr~s~ale~s. For a summary refer to the-test opton truth table~ 
table 3. In noraal ope~ation internal Alar.m A and Alarm Bare 
outpot to tbeir rcspectiqe.pads·and theinpot frequency is fully 
prescaled. When TESTA is set and TESTB is clear the logical 'and' 
of ITCMP and IT~5 is outpct to ·Alarm A. 100Hz~ the final outpot of 
th~ pr.escalers~ is routed to Alarm B. This test mod~ does not 
bypas5 ~ny presc~lers. ITCMP~IT55 is a signal that i~ active 
during the last bit of an increment cycl~ if the terminal count 
register match£s thQ interval counter (both are part of the 
Interval Timer). The .dunation of this pulse is one bit time when 
the sy~tEm i~ active and.approximately 178 uS when the system is 
inactive (a~~uming the input frequency is 32768 H~). Theperiod 6 

on the aver.~ge~ is the same as the int€rval stored as the terminal 
count; jitter is induced into the period because the circuits used 
in the presealers generate 5hort term assymetrical w~veforms. 
100Hz triggers the entire increment cycl~ p~ocess. Its pulse width 
is the samE as ITCMP*IT55' and its period on the average is .01 
seconds, degraded also by the ji~tEr phenomena outlined above. 

When TESTB is set and TESTA is a 'don't care', node .832 6 an 
Accuracy Factor output. is routed to Alarm A. 100Hz is again 
outp~t to Alarm 9, but since"the prescalers are bypassed in this 
mode its frequency is the input frequency qeyided by 112. #932 is 
the signal that controls addir.g 'or subtr.act'ing a pulse froll the 
10240 Hz timebas~. Nomiaall~ #832 has a pulse width of ten input 
cycles .nd a period of sixteen input cycles. However, as a pulse 
is added (subtracted) the pulse width of 1832 varies to 12 (8) 
input. cycles; the period "remains the same. This will occur at an 
'inter~al ~qual to that stor.ed in the Acccc.cy Factor. 

The input fr€quency is normally 3276B H~ and the pres~alers 
devide it to cre~te the sianals 5600Hz and 100Hz. 56QOHz is used 
to clock the 56 bit tilleke;ping register.s when the 5yste....~m bus is 
inactive. 100Hz is used to initiate the increment cycl~. ~ith all 
pr€scalers in plac£, the input is multIplied by the constant 
175/57344 (multiplying 32768 by this constant results in 100). 
This constant is derived from several pr.escaler stag~s and the 
follo~ing symbolic~lly represants the seqcence of each stage: 
Finput x 1/2 x 5/8 x 5/8 x 7/8 xl/56 = 100Hz. A synchronous 
counter, combinational feedback .logic. and .clocked decodEd outp~ts 
comprise each stage. The output from the "previous stage is rippled 
to its succesor. The S/8 and 7/8 stages are mod a counters whose 
decoded outputs are puls€s that "have the same pulse width as as the 
numerators of th~ factors describing the st~ge~. When theSE pulses 
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.r~ used to generate the ripplt outputs tht resulting waveform. in 
thc case of the 5/8 sta9c~ is a pulse tr.~in of 5 pulses followed by 
J nulls. Two of th«se stagc$ cascadcd crt.t~ short term 
assymetrits that contribate to jitter. The absolute &rror caused 
by the jitter dOQS not eX~Qed +- 2.34~ of .01 second~ and the 
.ver.9~ ap'r-oaches zer.o in an interval as'.hort as 1400 inpot 
cycles. I~ 

5.2.7 TESTS 

For a description of TESTS read the paragr.aphs abovt in the section 
on TESTA. 
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+----------------------------------------------+------------------+ 
I 
I Figures and T~bles. CHAPTER 6 
I 
+----------------------------------------------+------------------+ 

Th~ following figu~es-~nd tables a~Q thos~ th.t hav€ been 
rtfered to throughout the text of this.descr.iption. In addition, a 
block diagram and 20x me~al -mask photo have betn included for 
compl~ten~ss. For detailed schematics, ref~r to the documents 
listed in Chapter 1. For mor,£ information on 41-C bus signals, 
refer to appropri.te circuit descriptions and the other system 
documentation. 
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6.1 Table 1: The Phineas Instr.oction Set Sammary. 

+-----------------------+-------+--------------------------------------------+ 
I 

Instr.uction I Oct.l 
I 

-----------------------1-------
Write Clock 
Read Clock 

I 
I 0050 
1 0070 
I 

Write Clock ~ Corr~r-t I 0150 
Read Clock ~ Hold I 0170 

Wr i t€ ALarm 
Read Alarm 

Write Status 
Read St.tus 

Write Accor.acy Factr. 
Read Accuracy Factor 

Write Scratch 
~ead Scr.atch 

Writ€ Int Tmr & Start 
Read Int Tmr 

Stop Int Tmr 

Clear Test Mode 
S~t Test Mode 

Disable Alat"m 
Enable Alarm 

Stop Clock 
Start Clock 

I S~t Pointer to B 
I S~t Point~r to A 
I 
I En~ble Peripheral 
I chin~a~ Addres~ a FB 
I 
I Enable Data Storage 
I 
I PWO Off 
I 

0250 
0270 

0350 
0370 

0350 
0370 

0450 
0470 

0550 
0570 

0750 

1050 
1150 

1250 
1350 

1450 
'550 

1650 
1750 

1760 

1160 

0140 

Description 

--------------------------------------------1 
Data xfe~ed from CPU to clock r.egister. 
D.ta xfe~ed from clock register to CPU. 

Sa~~ as above. Terminates correct-cycle. 
Same as abov~. Initiates correct cycle. 

Data xfe~ad from CPU to alarm r.egister. 
Data xfet"ed from alarm register to CPU. 

Wt"iting O's clears alar~ status. Ptr • A. 
Intcrrog.te~:state of chip. Ptr = A. 

Bit; 4 thru 12 map to/from nn.n of AF. Bit 
16.is sign bit: U = +, 1 = -. Ptr = B. 

~.ta xfcr.ed from CPU to scratch r.egister.. 
D.ta xfered from scratch register to CPU. 

CPU writes and'start Int~rval Timer. 
CPU reads Interval Timer. Pointer = x. 

Disables Interqal Timer incre~ent. 

Clears/Sets the Test Mode flip-flop. 
Womal mod~, TESTA = TESTB = O. 
tJ • ..---I 

Inhibits but .does not clear alar~s. 
Arm; but does not s£t .13rms. 

Disables clock increment~r. 

Enabl £s clock i ncrement~r .. 

Enables com~cnication wi B registers. 
Enables commo~ication wi A re9isters. 

, Setz chip enable f-~ wI correct addresE. 
I Cl~ars chip ~nable wi non-Phineas addr€s~. 
r 
I C1£ars chip ~nable regardless ofaddres5. 
I 
I System bus off com~.nd. 
I 

+-----------------------+-------+-----------------------~--------------------+ 
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6.2 Table 2: Phin~as Status~Bit Assignment 

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

Status Bit I No. I 
I I 

u-codc 
SQt Description 

------------ ----- -------- --------------------------------~--------------. 

ALMA 0 no -A valid compare of Alarm A wi Clock A sets 
-this-bit high. 

DTZA 

ALMB 2 

DTZB 3 

DTZIT 4 

PUS 5 

CKAEN 6 

CKBEH 7 

ALAEH S 

ALBEN 9 

lTEN 1 0 

TESTA 1 1 

TESTS 12 

no 

no 

no 

no 

n.o 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

S~t on overflow Cor d~crement ·of 10's co.ple­
~ment) of Clock A. 

Set on valid compare of Alarm B w/ Clock B. 

·Set on overflow of Clock B. 

Set by termiDal .coant state of Interyal Timer. 

·Po~er Up Status: set when Vcc-1st applied or 
when Vc~ falls.below Vsustain. 

Enables Clock A incrementers. 

Enables Clock B incrementer~, 

Enables compa~ator logic bctgeen Alarm A and 
Clock A. 

Enables ·compa~ator logic bet~een Alarm 8-and 
Clock :e. 

Enables Interval Timer incrementing and com­
par.ator logic. 

Enables-Test A Mode. 

+------------+-----+--------+-----------------------------------------------
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6.3 Table 31 Test Option~ 

+--------------+-----------------+-----------------+-------------------------. 
1 

TESTe TEST,A 1 
I 

Alarm A Alarm B 

--------------1-----------------"1-----------------
o o ALI'1A ALMS 

o ITCMP*IT55 100Hz 

o 832 100Hz 

832 100Hz 

Fr-cq.of tOOHz 

Finput * (175/57344) 

Finput * (175/57344) 

Finput,.. (1/112) 

Finput * (1/112) 

+--------------+-----------------+-----------------+-------------------------
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6.4' Figur~ 1: Phin~as Clocks, 
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6.5 Figur.~ 2: PWO Tiaiog. 
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6.6 Figure 3: 41-C SysteM Sigcals. 
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HEWLETT-PACKARD CO. i----------
I MAXIMUM RATINGS 

1.1 Supply Voltage Vee .......................... +10V 

1.2 Storage Temperature .......................... -sooe to + l500 e 
1.3 Operating Temperature ........................ Ooe to 65°C 
1.4 Humi d i ty ..................................... 0 to 90% 
1.5 Voltage at any input or output pin ........... GND -0.3V to Vee +O.3V 
1.6 Input transient protection ................... 1000 V 

II OPERATING CONDITIONS 

sm· PARAMETER 

POWER SUPPLY VOLTAGE 

GND GROUND 
Iecop SUPPLY CURRENT 

ICCST 

INPUT PARAMETERS 

VIN(H) INPUT VOLTAGE lEVEL 
(HIGH) 

VIN(L) INPUT VOLTAGE LEVEL 
(LOW) 

INPUT LEAKAGE 
CURRENT 

i TRI-STAT~ LEAKAGE 
. eURRE.H 
I 

MIN 

6.0 

o 

GND 

TYP 

6.25 

o 
1 

1 

.2 Vee 

MAX 

7 

o 

Vee 

G~D+ 1. 25 

0.1 

1.0 

UNIT 

V 

V 

rnA 

uA 

v 

v 

uA 

uA 

COMMENTS 

elK @ 380 KHz 
Vee @ 6.5 V 
elK @ 0 KHz 

Vee @ 5 V 

~.ll INPUT PINS 
Vee @ 6.5 V 

~11~ 110 PINS 
WHEN TRI-STATED 

.. OOll I $1. NO 1 LB4-4001 
I-I----+-----+------i INTERFACE CHIP - ELECTRICAL SPECIF-ICATION 

" Charl es Tan G.Ut 8-15-78 
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HEWLETT-PACKARD CO. 

I I I 

SYH PARAMETER MIN , TYP MAX UNIT I COMr~ENTS 
I 

CIN INPUT CAPACITANCE 8 pf EXCEPT VCC 

OUTPUT PARAMETERS 

VOUT(H) OUTPUT VOLTAGE LEVEL VCC-l.O I V 
(HIGH) 

VOUT(L) OUTPUT VOLTAGE LEVEL 

I 
GND+1.0 V 

(LOH) ! 
COUT OUTPUT CAPACITANCE I 

(DRIVE CAPABILITY) I 
ISA, DATA 200 , pf I 

! 000, paN 200 
I 

pf 

i 

T MING PARAMETERS I 

Tp CLOCK PERIOD 2.63 2.78 2.95 us SEE FIG. 1 

T PW(01) 01 PULSE WIDTH 500 (2/8 of 750 ns II II II 

TO) 

TpW(02) 02 PULSE ~~IDTH 500 (2/8 of 750 I ns II II II 

TO) I 
I 
I 

TCD CLOCK DELAY 900 3/8 of 1200 I II II II ns 
TO 

TR, TF CLOCK RISE, 50 ns II II II 

FALL TIME -

TDV OUTPUT DATA VALID (3/8 of 800 ns II II II 

(AFTER TRAILING EDGE T ). 
OF 02) a 

TSU DATA SETUP TIME 300 (1/8 of ns II " " 
To) 

I 

I I 
; I 

Moon I STK NO lLB4-4001 
INTERFACE CIRCUIT - ELECTRICAL SPECIFICATIONS 

n CHARLES TAN O"TE 8-15-78 
. ~ - .... - . 
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1j. HEWLETT-PACKARD CO. 

I 
. SYr4 PARAMETER MIN TYP MAX UNIT COMMENTS 
- -

i TIMING PARAMETERS FOR PERIPHERAL INTERFACE 
I 

TIME FROM DD2t TP+200 
• T DV2 ns SEE FIG.2 NO 001+ 

TILL VALID ALLOWED i "BUSY" ON 000 

! T PWl 001 PULSE TP+50 ns SEE FIG.2 
WIDTH 

I 

TOV1 TIME FROM 1st TP+400 I SEE FIG. 2 I ns 
001 t TILL VALID i "REF" ON DD0 . 

I 
:TR,TF RISE, FALL TIME 100 I ns SEE FIG. 2 , 

I 

I 
TDV3 T I r~E FRor~ 2nd 3TP+300 ns SEE FIG. 2 

AND SUCCEEDING 
I DOl t TILL VALID 

DATA ON 000 

j 
, T DV5 TIME FROM DD2-1- TP+200 ns SEE FIG. 3 

TILL 000 TRI-
STATED BY NPIC 

I' . , 

TDV4 TIME FROM 001 t TP+100 SEE FIG. 3 
TILL DATA ON 000 DATA MUST BE 
000 READ • VALID BEFORE THIS 

j TIME 

. T DH DATA HOLD TIME TP+100 SEE FIG. 3 DATA ON 
000 MUST BE HELD 

j VALID FOR THIS TIME. \ 

! 
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HEWLETT-PACKARD CO. iI 
PARA. WAFER PKG QA WAFER PKG QA 

-
LOH VOLTAGE (V) HIGH VOLTAGE (V) 

VCC 5.5 5.5 5.7 7.6 7.5 7.4 
VIH 4.25 4.25 4.45 6.0 6.0 6.0 
VIL 1.25 1.25 1.25 1.25 1.25 1.25 

VOH 4.5 4.5 4.7 6.0 6.0 6.0 

VOL 1.0 1.0 1.0 1.0 1.0 1.0 

HIGH FREQUENCY (ns) LOW FREQUENCY (ns) 
TP 2360 2360 2360 2950 2950 2950 
TPW1 500 500 500 750 750 750 
TP~~2 500 500 500 750 750 750 
TCD 900 900 900 1200 1200 1200 
TDV 1000 ( 1 ) 1000 ( 1 ) 1000 (1) 1000 (1) 1000 (1) 1000 (1) 

TSU 550 550 550 550 (2) 550 (2) 550 (2) 

DC PARAMETRIC TEST CONDITIONS 
ICCOP .8ICCOP .9ICCOP ICCOP VCC = 6.5V. FREQ = MAX 
ICCST .8ICCST .9ICCST ICCST VCC = 5.0V. STATIC 

IINL .9I INL IINL - - - @10V TO GND AND VCC 

IINL - - - - - - IINL @6.5V TO GND AND VCC 

IIOL .81 IOL .91 IOL lIOL @5.6V TO GND AND VCC 

STRESS HST COM~1ENTS 

VSTRESS 10V - - - - - - OPERATE PART AT MAX FREQ WITH VCC= 
VSTRESS FOR 1 LMLOAD. IGNORE FAILURES. 

NOTE: 
1. DATA and ISA (0) on 1LA5. and ISA on 1LA3 - - TDV at 800 ns. 
2. - DATA and ISA inputs on 1AL4 and 1LA7 - - TSU at 800 ns before trailing edge 01. 

MOOH I STK NO lLB4-4001 
INTERFACE CIRCUIT - ELECTRICAL SPECIFICATIONS 

IV CHARLES TAN DAlE 8-15-78 
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HEWLETT-PACKARD co. 
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HEWLETT-PACKARD CO . 

. THE NUT-PERIPHERAL INTERFACE CHIP 

ABSTRACT 

The Nut-peripheral interface chip (NPIC) is a bidirectional serial in, serial 

out buffer. This chip will allow Nut-CPU to interface with microprocessor which 
has different system clock, bus structure and speed. Two sets of 56 bits of 
data or information can be simultaneously input to or output from the NPIC. 
With a sin~le mask option, NPIC chip-select-addresses can be chanqed. With 
this option, two NPIC can be controlled independently by the same Nut-CPU. 
The NPIC will also include feature which enables the ~eripheral to wake up the 

Nut-CPU while Nut-CPU is in a "light-sleep" mode. Conversely, the Nut-CPU can 

wake up the peripheral through an assigned Nut-peripheral instruction. Providing 

that the Nut-CPU speed is not a problem or sufficient buffering is available, Nut­
CPU will be able to interface with any general microprocessor in existence. The 
3SxlOO mi12 CMOS chip will have 13 bonding pads. Currently, the NPIC is 
desi9ned to drive the Nut-peripheral printer (Helios). 

CIRCUIT DESCRIPTION 

The chip can be divided into four parts. They are timinq generator, instruction 
decoder, Nut-data buffer and transfer loqic and peripheral-data buffer & transfer 
logic. 

The timing generator keeps the NPIC and the Nut-CPU in synchronization. It also 
generates bit time T0 and T55 from the "SYNC" 1 ine. 

The instruction decoder detects the five NPIC instructions from the "ISA" line. 
They are ENPIC,LOAD. SAVE, SET. PRTON. Nut-CPU instruction (1144a) EHPIC switches 

Nut-CPU mode to NPIC mode. Any instruction that follows after the ENPIC 

instruction is a Nut-peripheral instruction. Durin~ NPIC mode the 10 bit instruc­
tions are ignored by the Nut-CPU. LOAD, SAVE, SET,PRTON instructions can be 
executed only durinq the NPIC mode. Any odd number Nut-peripheral instruction 

MODI! SIK NO 1 LB4-4001 

PERIPHERAL INTERFACE CHIP 
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HEWLETT-PACKARD CO. 

CIRCUIT DESCRIPTION (CONT.) 

will switch NPIC mode back to the Nut-CPU mode. With a single mask option 

different chip-select-addresses can be built into different NPIC chips. Pre­
assiqned ENPIC instructions can be used to select different NPIC chips. (10448) 
ENPIC instruction is already assigned for the second rJPIC chip. Command, status 

& data can be independently transferred using two NPIC chips. 

NPIC INSTRUCTION SET 

E[~PIC (11448) 
It enables NPIC mode and selects different NPIC Cflips. 

LOAD (XXX78) X = Don't Cares 
It loads data from CPU re~lister C into ~[PIC buffer 1. "Busy Flip Flop" is set 
after the data transfer. 

SAVE (XX728) 

It saves data from NPIC buffer 2 into CPU register C. "Read Flip Flop" is 
reset after the data transfer. An odd number (XXX58) peripheral instruction 

must follow the save instruction to switch back to the Nut-CPU mode. 
SET (XQ038); Q=O,1,2. 

It selects one of the three flags from NPIC and sent it into the carry bit of 
the Nut-CPU. Q is the flag select bit 

Q=O selects "Busy" flag 

Q=l selects "RFF" flag 

Q=2 selects "003" flag 

"Busy" indicates that data from the Nut-CPU are still in buffer 1 of NPIC. 

"Busy" is cleared after the data from buffer 1 are transferred out to the 

peripheral. "Busy" is set after a "load" Nut-peripheral instruction. "Busy" 

can be read by both the peripheral and the Nut-CPU. 

"RFF" indicates that data are ready to be saved into the Nut-~PU register C. 

"RFF" is set after the data from the peripheral are transferred into buffer 2. 

"RFF" is reset after a "save" Nut-periph~ral instruction. "RFF" can be read 
by both the peripheral and the Nut-CPU. 

r-t-------r---------~--------~:MO~0~fl~--------------I~sr-.-N-0--l-L-B-4--4-0_0_1 ______________ __ 
PERIPHERAL INTERFACE CHIP 
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NPIC INSTRUCTION SET CONT. 

"003" indicates that the peripheral is switched "ON". ~/hen the peripheral is 
disconnected or switched "OFF", "003" will be low. 

-H" taillS 0" tRC peripheral b,)l pwlli"~ PQff lir:lQ 19~~ fel" on~ "tlt ~'8rf4 time.-

NUT INTERFACE LINES 

· SYNC, ISA, DATA are the Nut-CPU serial bus lines which can transfer data and 

instruction to and from the Nut-CPU. To the Nut-CPU, NPIC works like another 
memory ch i p. 

PWO clears all NPIC's internal Flip Flops. whenever the Nut-CPU wakes up from 
"Deep" or "light-slee!J" mode. 

• 01 & O2 are the two-phase clock used by the tlut system. 

· vee is the 6 volt regulated power supply line from the Nut system. During Nut's 
"Light-sleep" mode, VCC is still at 6 volt, "SYNC" line is hi~h and 0

1 
& O

2 
clock is disabled. Durin9 r~ut's "Deep-sleep" mode, VCC ·is at 3.9 volt, "SYNC" 
line is low and 01 & O2 clock is also disabled. 

· GND is common to all systems. 

to "" 11- .... " rei ~ s h>r-
r\uJs 'O~ r 

~ 
PERIPHERAL I~TERFACE LINES 

· 000 is a bidirectional data line interfacing the peripheral and the NPIC. 

· 001 is 
ferred 

a strobe line controlled by the peripheral. Data or fla9 can be trans­

through the 000 1 ine sequentially by the strobing of DOL 
· 002 is a direction-select line. Data can be transferred from the peripheral 

to the NPIC when 002 is low. One or more DOl strobes, while 002 is 10\'1, 

follm"ed by a positive edge of 002 sets "RFF". T\"o or more DOl strobes. while 
002 is high. followed by a ne~ative edge of 002 resets "Busy". 

Hhen-DD2 goes high, the first bit on 000 line is the "Print Flip Flop". The 

second bit on 000 line is the "RFF". The 56 bits of data from buffer 1 follows 
after "RFF". "PFF" is the same as_ "BITS'Y". When NPIC is not connected to the 

"OOfi I sr. NO 1 LB4-4001 
... : PERIPHERAL IMTERFACE CHIP 
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HEWLETT-PACKARD CO. 

PERIPHERAL INTERFACE LINES CONT. 

peripheral OO~ should stay high indicating "Busy". 

When 002 goes low, 56 bits of data from the peripheral can be transferred into 

buffer 2 . 

. 003 can be any peri phera 1 fl ag. Normally it wi 11 be used to i ndi ca te peri phera 1 

on/off status . 

. PorI is a bidirectional power on for both the Nut-CPU and the peripheral. Normally 

PON stay high. When the peripheral pull dm'/n PON, \'/hile r~ut-CPU is in "Light­

sleep" mode, it wakes up the Nut-CPU. This is done internal to the NPIC by 

detecting "light-sleep" mode and pulling "ISA" line hiah until "PHO" line goes 

high. 

Hhen "Nut-CPU" sends a "PRTON" peripheral instruction, it pulls down the POU line 

for exactly one word time. If the peripheral is designed to detect this state, 

it will be able to execute a wake-up routine. 

TIMING REQUIREMENTS 

When transferrin9 data from the peripheral to the UPIC, 002 must be low. Valid 

data must be held stable on OO~ for at least two Nut-system clock after the positive 

transition of 001. 

When transferring data from the NPIC to the peripheral, 002 must be high. "PFF" 

will be on 000, one Nut-system clock after the positive transition of 002. The 

rest of the data will be on 000, bJO Uut-system clock after the positive tran­

sition of DOL 

1---+----+-----4------1 Moon I srK NO II B4-4001 
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RFF -1'02 I • ~ , 
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HEWLETT-PACKARD CO. 

l...---_~I -----..; 
CLEARS "BUSY" 

DD2 

DDl 

DD0 

DD2 

I I 
r. 

rpFF'RFF' I __ L __ I JPFF TRFF 'ojf - - - - - - "'o5~ 
'--_____ ...L1 __ .L _.L :.L J..: .::1 ___ _ 

56 BIT DATA FROM NPIC 
BUFFER 1 TO THE PERIPHERAL 

i_ 
_DD_1 ----lPt'--1 __ ~r tJI ~ J 1- _____ J!'-__ ---'r.~L. __ 

NOTES: 

1. VALID DATA MUST BE ON DD0 BEFORE DDl STROBES. 
2. RECOMMENT TO HOLD DATA FOR AT LEAST 2 :~UT SYSTEM CLOCK AFTER DOl STROBES. 

TIMING DIAGRAM OF THE NPIC-PERIPHERAL INTERFACE SIGNAL 

-FIGURE 2 
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