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DESCRIPTION

The PLUS105-45 is a bipolar
programmable state machine of the
Mealy type. Both the AND and the OR
array are user-programmable. All 48
AND gates are connected to the 16
external dedicated inputs (lp-I;5) and to
the feedback paths of the 6 buried State
Registers (Qpo-Qps). Because the OR
array is programmable, any one or all of
the 48 transition terms can be
connected to any or all of the State and
Output Registers.

All state transition terms can include
True, False and Don't Care states of the
controlling state variables. A
Complement Transition Array supports
complex IF-THEN-ELSE state
transitions with a single product term.

All buried State and Output registers are
edge-triggered clocked S-R flip-flops.
Asynchronous Preset/Output Enable
functions are available.

The PLUS105-45 is pin-for-pin and
software compatible with the Signetics
PLS105 and PLS105A Logic
Sequencers, as wall as other
commercially available 105-type
programmable logic devices.

To facilitate testing of state machine
designs, diagnostic mode features for
register preset and buried state register
abservability have been incorporated
into the PLUS105—45 device
architecture.

Ordering codes are listed in the
Ordering Information Table.

PLUS105-45

Programmable logic sequencer

(16 x 48 x 8)

FEATURES
® 45MHz operating frequency
- 55.6MHz clock rate
- No OR term loading restrictions

® Available in 300mil skinny DIP,
600mil-wide Plastic DIP and PLCC
packages

® Pin and software compatible with
other commerically available 105 logic
sequencers

® 16 input variables

® 8 output functions

® 48 transition terms

® 6-bit State Register

® 8-bit Qutput Register

® Transition complement array

® Positive edge-triggered clocked S-R
flip-flops

® Security fuse

® Programmable Asynchronous Preset
or Output Enable

® Power-on preset (to all “1"s) of
internal registers

© Power dissipation: 800mW (typ.)
® TTL compatible

® Single +5V supply

® 3-State outputs

APPLICATIONS
@ |nterface protocols

® Sequence detectors
® Peripheral controllers
® Timing generators

® Sequential circuits
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PIN CONFIGURATIONS
N Packages

cix 7] (28] Voo
7 (2] I
1s [3] 2¢] 1
15 (4] {25] lo
1 [5] 24] 144
15 €] 23] 12
12 [7] [22] b3
14 [2] [21] 14
o [g] [20] s
Fz [ag] [19) PROE
Fg [11] 1] Fg
Fs [12] [17] F4
Fa [13) [16] F2

GND {14] [15] F3

5 lg

N = Plastic DIP {600mil-wide)
N3 = Piaslic DIP {300mil-wids)

A Package
Iz CLK Voo lg 19

[¢1[3] [2] [} Pe] [o7] Foe]

Fs Fy

GND F3 F; Fy Fg

A = Piaslic Leaded Chip Carrer

® Elevator controllers

® Security Locking systems

® Counters
® Shift registe

s
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Programmable logic sequencer

(16 x 48 x 8)

PLUS105-45

FUNCTIONAL DIAGRAM
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PIN DESCRIPTION
PINNO. | SYMBOL NAME AND FUNCTION POLARITY
1 CLK Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this line Active-
is necessary to update the contents of both registers. High (H)
29, 26, 27 lg - Ig, Logic Inputs: The 13 external inputs to the AND array used to program jump conditions Active-High/
20-22 h3- 145 between machine states, as determined by a given logic sequence. True and complement Low (H/L)
signals are generated via use of "H" and "L".

23 lya Loglc/Diagnostic Input: A 14th external logic input to the AND array, as above, when Aclive-High/
exercising standard TTL levels. When |, is held at +10V, device outputs Fq - F5 reflect the Low (HL)
contents of State Register bits Py - P5. The contents of each Output Register remains unaltered.

24 lyg Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when Active-High/
exercising standard TTL levels. When I,y is held at +10V, device outputs Fy - F5 become direct Low (H/L)
inputs for State Register bits Py - Pg; a Low-to-High transition on the clock line loads the values
on pins Fq - Fsinto the State Register bits Pg - Ps. The contents of each Output Register
remains unaltered.

25 lo Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/
exercising standard TTL levels. When lyq is held at +10V, device outputs Fq - F; become direct Low (H/L)
inputs for Output Register bits Qp - Q,; a Low-to-High transition on the clock line loads the
values on pins Fy - F into the Qutput Register bits Qp - Q. The contents of each State Register
temains unaltered.

10-13 Fo-Fy Logic Outpuis/Diagnostic Outputs/Diagnostic inputs: Eight device outputs which normally Active-
15-18 reflect the contents of Output Register bits Qp - Q7, when enabled. When |,is held at +10V, Fg High (H)
- Fs = (Pg - Ps). When I, is held at +10V, Fy - F5 become inputs to State Register bits Pg - Ps.
When 1o is held at +10V, Fy - F7 become inputs to Output Register bits Qp - Q5.
19 PROE Preset or Output Enable Input:
A user programmable function:
® Preset: Provides an asynchronous preset to logic “1” of all State and Output Register bits. Active-
PR overrides Clock, and when held High, clocking is inhibited and Fq - F7 are High. Normal High (H)
clocking resumes with the first full clock pulse following a High-to-Low clock transition, after the
Preset signal goes low. See timing definitions.
© Output Enable: Provides an output enable function to buffers Fy - F from the Output Active-
Registers. Low (L)
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Programmable logic sequencer PLUS 5
(16 x 48 x 8) LUS105-4

TRUTH TABLE 1:2.3.4,5,6,7

OPTION
Vee PR OF ho I ha cK s R Qp OF F
H * * * X X X H H Or
L +10V X X T X X Qr L L
L +10V X X ) X X Qp H H
L X +10V X T X X L Qe L
L X +10V X T X X H Of H
L X X +10V X X X Qp fon Q
L X X X X X X Qp o o
H X X . X X X Op Or Hi-Z
+5V X +10V X X T X X Qp L L
X +ov X X ) X X Qp H H
X X +10V X T X X L Qr L
X X +10V X T X X H o H
L X X +10v X X X Qr Qr Qp
L X X X X X X Qo Qr Gr
L X X X ) L L Qe Qe Qr
L X X X T L H L L L
L X X X T H L H H H
L X X X T H H IND. IND. IND.
T X X X X X X X X H T-
NOTES:

1. Positive Logic:
SR=To+T1+To +.. Tz
Tn = (Co) (o, h. 12, ...) (Po. P4, ...Ps)

. Either Preset (Active-High) or Qutput Enable (Active-Low) are available, but not both. The desired function is a user-programmable option.
denotes transition from Low-to-High level.

*=HorLor+10V

. X =Don't Care (< 5.5V)

. When using the F,, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels
on the output pins are forced by the user.

7. IND. = Indeterminent; R =S = H is an illegal input condition.

oo AN

VIRGIN STATE

A factory-shipped virgin device contains

all fusible links intact, such that:

1. PR/OE option is set to PR. Note that
even if the PR function is not used,
all registers are preset to “1" by the
power-up procedure.

2. All transition terms are disabled (0).
3. All S/R flip-flop inputs are disabled (0).

4. The device can be clocked via a Test
Array preprogrammed with a standard test
pattern. NOTE: The Test Array pattern
must be deleted before incorporating a
user program.
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Programmable logic sequencer PLUS105-45
(16 x 48 x 8)
LOGIC DIAGRAM
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NOTES:

1. All AND gate inputs with a blown link float to a logic 1.
2. All OR gate inputs with a blown fuse float to logic *0".
3. Programmable connection.
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Programmable logic sequencer

(16 x 48 x 8)

PLUS10545

COMPLEMENT ARRAY DETAIL The complement array is a special sequencer  Consider the product terms A, B and D that
feature that is often used for detecting illegal represent defined states. They are also
states. Itis also ideal for generaling IF- connected to the input of the complement
THEN-ELSE logic statements with a mini- array. When the condition (not A and not B

P47 P46 P45S®e @S P PO mum number of product terms. and not D) exists, the Complement Array will
= | | | The concept is deceptively simple. If you d_eted this and propagate an A_chve~H|gh
co . . signal to the AND array. This signal can be
subscribe to the theory that the expressions .
{/A* /B * /C) and (A + B+ T) are equivalent, connected to product term E, which could be
ou will begin to see the value of this sin Ie' used in tum (o preset the state machine to a
U sees [Ej [J lyem\ NOR ga" a g known state. Without the complement array,
Y- one would have to generate product terms for
The complement array is a single OR gate ali unknown or illegal states. With very
co with inputs from the AND array. The outputof ~ complex state machines, this approach can
the complement array is inverted and fedback  be prohibitive, both in terms of time and
to the AND array (NOR function). The output ~ wasted resources.
of the array will be LOW if any one or more of
\ J the AND terms connected to it are active Note th.ql use of the Complement Array ?dds
v (HIGH). If. however, all the connected terms an additional delay path through the device.
TOOR ARRAY i Bt - Refer to the AC Electrical Characteristics for
are inactive (LOW), which is a classic dotails
unknown state, the output of the complement )
array will be HIGH.
ORDERING INFORMATION LOGIC FUNCTION
DESCRIPTION ORDER CODE
- - - Typicail State Transition:
28-pin Plastic Dual-In-Line, 600mil-wide PLUS105-45N
- " - — Q2 Q1 0o
28-pin Plastic Dual-In-Line, 300mil-wide PLUS105-45N3 e PRESENT STATE
28-pin Plastic Leaded Chip Carrier, 450mil-square PLUS105-45A
STATE REGISTER X-B-C-...
THERMAL RATINGS Q NEXTSTATE
TEMPERATURE
Maximum junction 150°C ss‘r%:::guz'oi'ao)'x's'c---
Maximum ambient 75°C RESET Q;:8;=0
Allowable thermal rise ambient to junction 75°C Ri=(02 Q" To)-X-B-C...
HOLD Q2: 5220
ABSOLUTE MAXIMUM RATINGS? Rz=0
RATINGS
SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage +7.0 Voe
ViN Input voltage +5.5 Ve
Vour Qutput voltage +55 Voc
lin Input currents -30 +30 mA
lout Output currents +100 mA
Tamb Operating temperature range 0 +75 °C
Tag Storage temperature range -65 +150 °C
NOTE:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.

May 9, 1990
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Programmable logic sequencer
(16 % 48 x 8) PLUS105-45

DC ELECTRICAL CHARACTERISTICS
0°C < Tam, S 75°C, 4.75V S Ve $5.25V

LTS
SYMBOL PARAMETER TEST CONDITION MIN | TYP' | Max | uwiT
input voltage?
Vi High Vee = MAX 2.0 v
Vi Low Vee = MIN 0.8
Vie Clamp? Veg = MIN, iy = —12mA 08 | -12 v
Output voltage?
Vee = MIN
Vou High lou = —2mA 24 v
VoL Low lor = 9.6mA 035 | 045 v
Input current
Ve = MAX
ls High Viy = Ve <1 25 pA
I Low Vi = 0.45V 20 | -250 pA
Output current
Ve = MAX
lo(ore) Hi-Z state Vour =2.7V 1 40 MA
Voyr = 0.45V -1 —40 BA
log Short circuit® 4 Vour =0V -15 -70 mA
lee Ve supply current® Voo = MAX 200 mA
Capacitance
Voo = 5.0V
Cin Input Vin = 2.0V 8 pF
Cour Output Vour = 2.0V 10 pF
NOTES:

1. Al typical values are at Ve = 5V, Tamp, = +25°C.

2. Ali voitage values are with respect 1o network ground terminal.

3. Testone atatime.

4. Duration of short circuit should not exceed 1 second.

5. lgc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open.
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Programmable logic sequencer PLUS105-45
(16 x 48 x 8)

AC ELECTRICAL CHARACTERISTICS

Ry =4700, R, = 1kQ, C| = 30PF, 0°C £ Tymy < +75°C, 4.75V S Vo $5.25V

LIMITS

SYMBOL PARAMETER FROM TO MIN l TYP? l MAx UNIT
Pulse Width
toxH Clock High CK + CK- ns
oL Clock Low CK- CK+ 8 ns
texp Clock Period CK + CK + 18 16 ns
terH Preset pulse PR+ PR - 10 8 ns
Setup Time
tisy Input Input £ CK+ 13 12 ns
tis2 Input (through Complement Array) Input £ CK + 23 20 ns
tvs Power-on preset Vee + CK - 0 -10 ns
tpRs Clock resume (after preset) PR - CK - 0 -5 ns
tNvek Clock lockout (before preset) CK- PR - 10 5 ns
Hold Time
ty Input CK + Input + 0 -5 l I ns
Dlagnostic Mode
tris Initialization of diagnostic mode ligor {11 + (to 8V) Fpnas inputs 50 25 ns
tRiH Clock for diagnostic mode CK+ Register input jam 50 25 ns
Propagation Delay®
texo Clock CK + Qutput + 8 9 ns
toe Output enable? OCE - Output — 8 9 ns
ton Output disable? OE + Output + 8 9 ns
ter Preset PR + Output + 12 15 ns
trrR Power-on preset Veo + Output + 0 10 ns
Frequency of Operation
fuax1 thitr:ztlgmentArray (m) Input + Output £ 450 50.0 MHz
fuaxe \évéur:l (—1—) thru Ci:ﬁ:lxement Output + 313 357 MHz

plement Array tis2 + tcko Array +
Internal feedback ( ] ) ) )
fuaxa without Complement | ———— Register Output + Register Input + 55.6 62.5 MHz
Array teke + texH
fmaxs ‘I:it;rréilnf:;elg‘:aecrﬁ Array (t) tﬁ?ﬂg([%:‘rera:[yggrtnp:r:t Register fnput + 435 50.0 MHz
fork Clock frequency CK+ CK+ 55.6 62.5 MHz
NOTES:

1. All typical values are at Vg = 5V, Tanp = +25°C.

2. For 3-State output; output enable times are tested with C_ = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C; = SpF. High-to-High impedance tests are made to an output
voltage of V1 = (Vou — 0.5V) with S, open, and Low-to-High impedance tests are made to the V = (Vg + 0.5V) level with S, closed.

3. All propagation delays and setup times are meausred and specified under worst case conditions.

May 9, 1990
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Programmable logic sequencer

(16 x 48 x 8) PLUS105-45

TIMING DIAGRAMS

3V
to_li5 :>(|.sv 1.5v
ov

[ 4s —™

[__ +3V
CiLx I.SV? 1.5V 1.5V
— — 1 )

r——- 4§ — P+ CKH oKL
CRP
N VoH
Fo-Fy 1.5V ‘ %st
[+ ¢k voL
aax top
3V
OE 1.5V 1.5V
ov
oE
Sequential Mode
R 43V
lo-ls 1.5V
R ov
3V
CLK 1.5V 1.5V 15V 1.5V
[ ov
s icko CKH—*+——1cKL
Fo_F7 1.5V 1.5V 1.5V
- VoL
)
[+ 'Fns—'t' Inve| t‘— cKo
/ Y 3V
PR 1.5V \\\\\\\ 1.5V
7 NN o
tPRH

Asynchronous Preset

+5V
L sy
Vee 7
ov
e wnﬂ
N ‘) Vo
Fo_Fr \ 1.5V [Fpl=1 1.5' [Fp+ 1]
NN \A
icKo
+3V
7 4 {
CLK 1.5V \ 1.5V 1.5V
S S—— N"_/ C o
KH—]
s
'EA’ *3V
lo-ls 1.5V 1.5V
ov
Ys — >+ 4y

Power-On Preset
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Programmable logic sequencer
(16 x 48 x 8)

PLUS105-45

TIMING DIAGRAMS (Continued)

aov

aov

+1W0V

«y

Fo_F7
(INPUTS) 1.5V

(FORCED Dyy) 1.5

CLK 1.5V 1.5V
_7 ov

(%) prr2PP 00K )

Diagnostic Mode—Output Register Input Jam

+10V

«V

Fo_F
aNBUTS) 15V (FORCED D) 1.5
t
i av
cK p 15V
ov

(8 201

Diagnostic Mode—State Register Input Jam

o-h Qv

h3-lis

o

+10V

12

—_— W
v
CLK X 1.5V
ov
INTERNAL __ __ \s _ckH —_— v
STATE REG. DC H
{Ps) (Ng)
Qg ~ Qg v = - —— VoL
Vo
Fo-Fs F 1.5V (Fne1)
VoL
I ko
[ Jp— ov

Diagnostic Mode—State Register Outputs
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Programmable logic sequencer

(16 x 48 x 8)

PLUS105-45

TIMING DEFINITIONS
SYMBOL PARAMETER SYMBOL PARAMETER SYMBOL PARAMETER
ty Required delay between ton Delay between beginning of tRUH Required delay between
positive transition of Clock and Output Enable High and when positive transition of clock and
end of valid Input data. Outputs are in the OFF-state. return of input 13 or Iy from
: Required dolay batw Diagnostic Mode (8V).
151 uire ay een Delay between beginning of
beginning of valid input and toe Outp{}t Enaf,?.f‘m?'gﬂﬂ'aﬁm tRis Required delay between
positive transition of Clock. Outputs become valid. inputs 11q of |,y transition to
. Foquired dolay betw Diagnostic Mode (8V), and
152 uiTE ay between when the output pins become
beg_lzimmg of y?hd Ir;;gjll a:d tPPR g:‘:vaeyrge:)”::g xt?gn(aoﬂuel;uts available as inputs.
pasitive transiton of OCK, become “wyn B
when using optional prasetat “1". tsAD Delay between input (1,5)
Complement Array (two — transition to Logic mode and
passes necessary through the tea Delay between positive when the Outputs reflect the
AND Array). transition of Preset and when contents of the Output
Outputs become valid at “1°. Register.
texH Width of input clock pulse Dolar bo - '
1 Width of preset input pulse. tsre ay between input
tokL Interval between clock pulses. PRH pre putp transition to Diagnostk‘:zMode
i it tpas Required delay between and when the Outputs refiect
foxo E:nasyiﬁgzﬁgfeg?og:sa‘%ewhen negative transition of the contents of the State
Outputs become valid (with Asynchronous Preset and the Register.
PR/CE Low). first pasilva transftion of tus Required delay between Ve
— i (after power-on) and negative
Texp M'g':;um guaranteed clock tan Required delay between transition of Clock preceding
perod positive transition of clock and first reliable clock pulse.
tavek | Required delay between the the end of valid input data (Fo i
negative transition of the clock — F7 as inputs), when jamming foLk fhrﬁ‘l;:;:;l:‘rgyg(\::;?;‘t;eggcglolgk
and the negative transition of data into the State or Qutput frequency)
the Asynchronous PRESET to registers in the Diagnostic
guarantee that the clock edge Mode. fmAx Minimum guaranteed
is not detected as a valid operating frequency.
negative transition.
TEST LOAD CIRCUITS VOLTAGE WAVEFORMS
430V~ — —
Voo T +5v -s/|
1 o
Cy Ca <R L J
P —J L] F L—
T Fol~ B30V e v
= | | L J_ 90%
| | R2 i: CL
t out I ov—— 0%
INPUTS |
oL —d s Fr 4 — S,_L_ _.l,_;,.
= MEASUREMENTS:
—— K o Al crcult delays are measured at the +1.5V level of
NOTE: inputs and outputs, uniees otherwise spackied.
C1 and C; are to bypass Vcg fo GND. = Input Pulses

LOGIC PROGRAMMING
PLUS105-45 is fully supported by industry
standard (JEDEC compatible) PLD CAD
tools, including Signetics’ SLICE and SNAP
design software packages. Signetics' AMAZE
design software may also be used to compile
PLUS 105 designs, however, the timing
simulator does not reflect the actual
performance of the device. ABEL™, CUPL™

ABEL is a trademark of Data VO Corp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.

May 9, 1990

and PALASM® 90 design software packages
also support the PLUS105-45 architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

PLUS105-45 logic designs can also be
generated using the program table entry
format, which is detailed on the following
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pages. This program table entry format is
supported by AMAZE and SLICE only. Both
AMAZE and SLICE design packages are
available, free of charge, to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic
equations (I, B, O, P, etc.) is assigned a
symbol. The symbols for TRUE,
COMPLEMENT, INACTIVE, PRESET, etc.,
are defined below.
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Programmable logic sequencer

(16 x 48 x 8)

PLUS105-45

PRESET/OE OPTION - (P/E)

l PRESET! l H

PR/OE

P=0
(PRESET
(ALWAYS DISABLED,
ENABLED) )
OPTION CODE [ opmon

| cooe |

I OE

|

PROGRAMMING THE PLUS105-45:

The PLUS 105-45 has a power-up preset feature. This feature insures that the device will power-
up in a known state with all register elements (State and Output Register) at logic High (H). When
programming the device it is important to realize this is the initial state of the device. You must
provide a next state jump if you do not wish to use all Highs (H) as the present state.

“AND” ARRAY - (I, (P)

vP Lp LP Lp
13 Lp
Tn Tn
STATE STATE [ cooE | STATE [ CODE I STATE [ cooe |
I INACTIVED: 2 ] 0 [ [ e [ w ] I 1P | | [ oontcare | - |
“OR” ARRAY - (N), (F)
Tn T T T
ni-] AT Re | v D R = P
R . M D e I i e I,
[ acmon [ acmon CODE | [ acmon [ acmon [ cooe |
{_nacve"3 | ) | | SET v | [ weser | L | [ nochanGe | - |
“COMPLEMENT” ARRAY - (C)
E;ﬁ € |: ﬁ € €
¢ < c
Tn Tn Tn
ACTION CODE [~ acmon [ cooe | ACTION CODE [ acmon [ cooe |
[ INACTIVE": 4 | 0 I [ generate [ A& | [ PROPAGATE | . ] | TRansparent | - |

NOTES:

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates T,.
2. Any gate T, will be unconditionally inhibited if both the true and complement fuses of any input (1,P) are left intact.
3. To prevent simuitaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see

fiip-flop truth tables).

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp,.
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Programmable logic sequencer

(16 x 48 x 8)

PLUS105-45

PLUS105 PROGRAM TABLE

PROGRAM TABLE ENTRIES

CUSTOMER NAME

PURCHASE ORDER #

SIGNETICS DEVICE # CF (XXXX)

CUSTOMER SYMBOUIZED PART #
TOTAL NUMBER OF PARTS

PROGRAM TABLE

REV

DATE

INACTIVE T o | [Lnacmve T o
GENERATE ' A = " H
I L
I —

PROPAGATE . . Cn RESET
TRANSPARENT! — NO CHANGE

INACTIVE | L
1P
1,P
DON'T CARE

|
mPs | Cppeser T n ]
PRESET ' H
e 1 ™

(<3 L L

AND

OPTION (P/E) T
OR

IRPUT ¢,
TERM [Cpy| - il

15| 4] i3]z ]i0] 0 [a] 7] 6[ S
L

N

PRESENT STATE (P} REMARKS HNEXT STATE (Ne)

§[4l3]2

OUTPUT (Fr)
o~ " """ """ slafa|2]]of7]%s 5'4'!'3 2[1]%

—_

0 (00 [~ o [on |4 o2 [ro | |2

%
1

(0 [ [ R A K

.ﬂ.----.. T.-.-..L... -T----

: AFFEHE A A A F A

VARIABLE
NAME

NOTES:

1. The device is shipped with all links initially intact. Thus, a background of “0" for all Terms, and an “H" for the P/E option, exists in the table,

shown BLANK instead for clarity.

2. Unused Cy, I, and Pg bits are normally programmed Don't Care ().
3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed.
4. Letters in variable fields are used as identifiers by logic type programmers.
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Programmable logic sequencer
(16 x 48 x 8)

PLUS105-45

SNAP RESOURCE SUMMARY DESIGNATIONS
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