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The Data Storage C i rcu i.t - 1820-0993 
for Use with the HP-35 Processor 

Generql Description 
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The data storage circuit contains ten 56 bit shift registers and 
miscellaneous iogic on a 158 mi I by 149 mi I chip. The MaS process used is 
P·channel with ion implantation. 

The ava Uab iii ty of ten or more data' storage regi sters for use by 
. the A.& R chip greatly increases the scope of problems solvable with the 

HP-35 Processor. Up to three Data Storage Chips can be tied directly to the 
A. & R chip, which fixes a maximum of 30 registers. If a bi-directional 
buffer is placed between the A & R and the Data Storage Chips, then up to , 25 units can be paralleled, giving a maximum of 250 registers. 

Figure I illustrates how the Data Storage Chip fits into the 
processor circuits. 

The timing between the Data Storage Chip(s) and the CPU is taken 
care of by the START line from the A & R ch i p and the "ROM· is present" pu {se 
tnat occurs on the Is line at bit time I r. 

Data is transferred to the Data Storage Chip from theA & R chip 
via the BCD line. This data is either read as a register address or as a 
data word to /)8 stored. The BCD line is bi-directionaf and is alsQ to 
transfer data words to the A & R chip. 

Scan Copyright © MoHPC 
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There are three instructions recognized by the Data Storage Chip .. 
which are received directly from the ROl\1s via the Is line. These instruc·l-ions 
are: 

ATDS: Address from C register to Data Storage 
DTDS: Data from C register to Data Storage 
DSTC: Read from D. S. into C reg i ster 

The contents of the C register .is continuously being.. displayed on 
the seD line .. except when one of the "Data into C register" instructions 
is executed. DSTC is one of these instructions. Therefore~ it Can be seen 
that the instructions ATDS and DTDS are ignored by the CPU (and the I/O chip 
if one is used) and are decoded and executed by any" Data Storage Chip in.the 
system. The instruction DSTC is executed by the A & R and any Data Storage 
eh i p wh ich has p rev i ous I y been enab I ed .. The "enab I ! ng"of a. ch i pis covered 
in the next section. 

( 
\.........- Reg; ster Address i ns 

When a data transfer command occurs, either DTDS or DSTC,the command 
wilJonly be executed if and only if there exists at least one data storage 
register which has previously been enabled. Once enabled,p a register \vj II 
remain enabled until another ATDS is given \'Jhich addresses a different 
register. 

The numbering of each register is done in two portions. Internally .. 
the registers are numbered 0,1, •.• 8,9. The chips themselves are numbered . 

~ 

0,1, ... 62 .. 63. The actual chip number,. assigned to'''given unit~ is de-rermined 
externa I r y to the ch i p. The codi n9 for a 1.1 64 comb i nati ons is a I I o'.vab Ie 
for any chip, therefore there will not be a whoie family of different chips 
to be used. The chip address inputs are: 

81 
82 
83 
84 
AI. 
A2 

Least significant bit 
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If 81, B2, 83 and 84 is taken as a ~exadecimal number~ then only ten of the 
sixteen combinat"ions are legal BCD characters., As far as the 0.5. Chip is 
concei~ned; a I I are I ega I. Norma I add re'sses are those ut i I j zing the ten 
lega! BCD codes for the number "8". The special addresses are the remaining 
unused combinations. Normal register addresses wi 11 be given by O<D3~Ol<399 
where a I' three dig i ts are I ega I BCD numbers. 

If ~ is restricted to the hexadecimal numbers ten through sixteen 
then 240 special addresses are avai lable. These addresses are ,not readily 
generated by the'HP-35 Processor. 

I n order to "te I I a Data Storage Ch j pits add ress" it is necessary 
to enter the bInary (or BCD) code of the appropriate chip number into the A 
and B inputs. 
as J30 through 
The code (BCD) 

Therefore: 

For example, to establish the register addresses for a chip 
139 wou I d mean fhatthech i p shou I d be -i dent if lI§ld as 'chi p 13. 
for 13 is 01 0011. , 

A2 = o :: a volts 

Al = ;:: 6 volts 

84 = 0 :: 0 volts 
83 :: 0 :: 0 volts 

62 = I :: 6 volts 

81 :: = 6 volts 

The address decodihg logic of the Data Storage Chips is capable of 
handling floating point addresses., Under certain special conditions, these 
addresses need not be normalized. 

In order for an address to be I ega II y accepted by a Data Storage Chip 
the exponent must be +0, +1 or +2. Due to an error in logic design, an exponent 
of +3 must not be given, because the logic wou I,d then enab Ie chip zero, register 
zero. Except for addresses with an exponent of +3, a,ll illegal addreSSes wi II 
be indicated by the Data Storage Chip(s) as ei'~h9r an il legal address o~ the 
addre",s of a register nol found (see next ,section). 
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The sign of the mant i ssa is a r ~'1ays ) gnored by the Data Storage eh ips. A Iso ~ the addresses a re truncated to -t-he next lower who I e number. For eXii:lm£> J e~ the numbers.: 

-3.79 
3.1854 

+3.00 

-3.00 
would .. as addresses, enable register three. 

If an exponent of zero is given, then only the most significant digits of the mantissa will be interrogated to determine a register number ranging from 0 + 9. 

I f an exponent of + lis found .. then the two most s-i gn if i cant dig i_ts of the mantissa are interrogated to detentline a register number in the range 0+99; being as 0 + 9 is included in this field, then these numbers are not str i 'ct I y r'eq u i red to be norma I i zed • 

When an exponent of +2 is encountered in an address, the Three most significant digits of the mantissa,' are interrogated and checked for a number in the range 0 -+ 399. Obviously, the numbers in the range 0 + 99 would not have been normalized. 

Data Storage Flags 

. When an address is given (ATDS) and that address is legal and .exists (some regi ster was actua II y enab I ed) ~ then a f! ag is generated by The eh: p which contains the enabled register. This feature can bo ignored by simple leaving the flag output unused. For one to three registers, these flag lines can be hooked directly to the flag input of ths Contlol a::d Timing chip. If more thah threa Data STorage Chips are tied to the flag inpUT of the C & T .. then the flago'utput of tha I/O ch'ip (1820-0994) m~stbG used. The 1./0 chip has a gated pu I I-down dev i ce that can turn-off -i-he add it i oneil capac i 72 'lce of (' the Data Storage Chips 
L 

.. :: ..... 
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Use of a Bi-Directional Buffer 

If more than three Data Stor:age Chips are to be used in a system, then the A & R chip BCD driver is unable to handle the capacitive load. In this case a bi..;directiooaI amplifier is required. A sample amplifier is shown in Figure.2 •. In ord€r' to control·the "direction" of this ampl ifier a $teeri og 51 gna lis requ ired. Th i sis supp lied by the Data Storage Ch i ps themse I ves, by the BDE outp ut • Each ch i p vii I I recogn i ze the command DSTC hl0ependent I yof whether or not it was enabled', 
SOE:: 6 vol ts ~ DSTC 
801::· 0 volts> Data Storage is listening 

UsinQ Data StoraQe Instructions 

The b'it patterns' for the three i nstructi ons q.re: 
ATOS ~ 1001110000 
oros = 101 I I 10000 
DSTC = 1011111000 

The- desired address for a register should be placed in the C-rsgister of the A & R~ and then ATDS given. The enabled register will remain enabled until another ATDS is grven. Neither of the data transfer instructions can .foll.ow an ATOS"'instruction directlYJt at least one other instruction must be executed. This instruction might or might not be a NOP. 
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Absa lu te Na:,:im~G:l Ra tiD:gs 

DATA STORAGE CIRCuIT 

ELECTRICAL 'SPECIFICATIONS 

5 0 e G I, . 
, j 

Supply Voltage Voo ............. ...................................... .. .................. 
Supply Voltage VeG 

Voltage at any input or output 

Vss -lO .OV 

Vss . .-21.0V 

O "f " 0 'c .to 65 ·C 
. peratl.ng ree-al.r temperature range • .• •••••••..•••••••••.•• 

Storage t empe rature range .•••••••••••.••.••••.••••••••••• -55 "c to · 125 ·C 

Humidity' ............................................................................................ ;, 0 to 90% 

- I ·PAR..A.HETER I - HIM HAX UNIT 
'. ' 

-

CONNE~"TS 

1:. Supply Voo Supply Voltage 0.0 0.0 V. 

" ' Vss Supply Voltage +5.0 . +7.0 · V. Supply Voltages do n, 
necessarily track V, G Supply Voltage -10.0 -14.0 V. 

. 
100 Supply . Current (Vo D) - TIlD- rnA.., f-> J. 3@700; /. ~@, 

leG Supply Current (VeG ) - TBD ,,'-f-o.Z-4 @7t)°Cj 2..7 1 8 
* PT Total Chip Power - -(f ~ m~.] At o ·C with max volt-

"P?:7/ acres .0 and max frequenc 

External Clock . 
Descrip tion V¢(O) Clock "0/1 level Vss -·8 Vss V 

V¢ (1) Clock "1" level Vro ·:. \it; c+. 7 V I 

f Operating frequency 50 210 KC 

tp',.; Clock Puls e 11idth 625 1000 . ns I See Ti~ing Di agr.?:i1 

td Clock D~lay Time 6 0
-.. " 1000 n3 Figll!:"~ 1 

trt Ciock Puls e Rise Ti8': 50 150 ns 
(( 

tft Clock P'lls e Fa ll TL::'12 . 50 ~ jO . us i 
1 I ( I 

I I 

, f 
I 

* I t . , Tll-:1:& " s~pcc i s <! . cl~~ i.;::. , g;~l ~ :. .. 
".: ;:'; ::. 

I ': l; 1 . " ., ... . ' , .. . . ' - .... 



PARAHETER NI N 1-L~.X: 

inpu t I 
Vin(O) I npu-t , Voltage -Logic ti~ " 'Iss - 1.0 Vs s+·3 De .. C:;,c!:'ipt i on 

' , \{ Vin (1) Input Voltage - Logic 1/1 " - V,,-4.0 
I I 

'--- , 

. \;0 t e 1) tin . Ti m.:! a t ,·/hich input da ta 
is valid (be fa!;" the ¢ l clock) 

Inputs ,: St ar t .250 ' 
I SB 0.0 
AI, A2 3.0 
Bl, 112 , B3 , B4 3.0 
BCD 0.0 

.;, 
Cin - Input Capacitance 

Inputs: ¢I 20 ¢2 20 Start 6 
. 

ISB 
5 AI, A2 5 Bl, B2, 113, B4 5 BCD 10 

, , Output ' FtG OUTPUT 
Description 

, Vout (0) "f( , Logical "0 II output Open 
. , 

Voltage Source 
. :See .I. 'lo t e 3) Vout (l) Logical "1" output 

Vs ,,-4 . 5 Voltage . 
tdv (l) Time from Bit Time 2 

a ,t which If 1" level data 12 " is valid 

Isink DC current load during 
1.0 

, , 

the II lit state 

CL Capacitive load 300 

'. 
, "- BDE OUTPUT 

VTTL (0) Logica l "0" output 
'100 +2.4 out Volta ge 

, 

VTTL (1) Logical "1 II output 
Va 0 + . 3 

out Vol tage , 

·r t dv Tim~ , at 't~·h ich output 
? -

'" 
- - ) cata is v2.1id 

I$ink . DC cu=rent lo ad dt!t'i~g 

I ! 350 t he " lH state 

,": 

Th i j ~?3C i ~ a d~ si ;~ ~onl 

, 

I V. 

v. 

~s 

~s 

~s 

~s 

~s 

pf 
pf 
pf 
pf 
pf 
pf 

' pf 

, 

V 

V 

Jis 

rnA 

pf 

I I 

v .. 

v. 

tJ.S 

I 
" I ~ .. " 

I 
I 

See Figure 2 

See Timing Diagra m 

F i gui:'e 1 

-

, 

, 

See Figure 3 

The "FIg" output is i 
plernented us ing an op 
source buffer capab l e 
driving the lo ad to a 
MOS "1ft level but pre 

" e 

n 

senting a high impeda_ 
( Hoat ing output) dur :u 

' the "0 " state. 

See Figure 4 

The ' fJ)DZ " output .is ir!l~ 
mented us i ng a push pu1 
10:..1 - pO~'1er - TIT .. co.S?.:! tib 
Dut-put b!..lff2 r. 

'lout (0) , t c1v , T 
.... sOL!l""c e · 2nd " 'faiue.=:: v a l -"s a.r~ 

': -., . ., .:- '\-: -:2r. (~21. i22 _ J 

oper.?: t ed {,: i '.:.h 3.0 -:; 'f 
.s 6 . SV . 



, - -
I PAR.."J-iETER I NIN I }[AX UNIT CO~~·G!:NTS 

"Qutput . . Isource DC current load during the 
50 ~A D2scrip.tion "0" state 

(SC ~int.ied) 
CL Capac itance load 30 pf 

\-' Rs Buffer output res i st2nc e 
during a /fa II state outpu t 1.5 - K :1. 

BCD aUTIUT See Figure 5 

VOU!;(O) Logical "a" Output' 
Vss -.5 The f~CDfl output is Voltage imp.lemented using a pI 

cherge load device Vout (1) Logical 111 " Output 
Vss -4.5 capabie of pre-chargin Voltage to a Hill level all int 

nal and, pin capacitanc tdv Time at .. ,hich output is 
3.3 and a driver capable 0 ~s valid discharging a 400 pf 

load to arr MOS no" '. CL Capacitive ' load 400 

I 
pf "level. , 

.. 

• 

( 'rES: 

t: 1. All device pads ~ill be provided ~ith static discharge protection devices. In addition, inputs ISB, Star t, AI, A2, Bl , B2, B3 and B4 will be protected as per the requirements of Appendix C (Static Gate Protection Requirements). 

,{ 

,2. All logic levels referred to ~ithin this document are negative ,logJ.c levels: 

"0·" level = , High Voltage 
"I" level = Low Voltage -

3. All output buffers will b e provided with inte rna l test points ,·,hi ch t.;oe n e:...:ternally fo r ced to Voo wi 11 cause t he b uffer to go into a high .... output i mpedance state (floating outpuc) . Test pad . size : 1 X 1 "'illinch (Gate protection cannot be prOVided on these test points.) 

4. The logic design of the Data Storage Circuit requ i res that.for pro~er input or o~tput of ,..data on the. ~CD lit!e~ instruct ion ty?eS 12 ~"C 1
3

. must not d~rec tly rollo", an I I ~nstructLon on the lSB l~"e . 
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