Military 20-Pin PAL Devices

Features

Reglister and combinatorial outputs

Variety of speed/power options

Registers with feedback

Programmable three-state outputs

Security fuse prevents duplication of logic
Through-hole or surface mount device packaging
Neutron fluence (permanent damage): 1x10'* N‘em?
Dose rate (transient upset) junction isolatad Bipolar

Applications

High speed graphic controliers

High speed computers

High frequency state machines

High frequency counters

Microprocessor clock generation and Interface logic

20-Pin PAL Device Speed vs Power
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Military 20-Pin PAL Devices

Military 20-Pin PAL Device Pinouts
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Military 20-Pin PAL Devices

Military 20-Pin PAL Device Pinouts
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Military 20-Pin PAL Devices

Military 20-Pin PAL Device Pinouts
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Military 20-Pin PAL Devices

Military 20-Pin PAL Devices

Absolute Maximum Ratings

Operating
Supply voltage, VCC ........cc.cecovenen Leesbrat i e ea s s N oL N RS oS AR eE SR bk AR AR rRR SRR SRR S e En RO e s nna s ~05Vto7V
INPUL VOIAGE FANGE ...coecrrcriiiririicneetre s sssncts s e e ese s nensnstsnone ..—15Vt0o55V
Off-state output voitage... Leeeabessr e e aa Lo aLeas tee e s e SR ae s eREeA LRSS beR e SRR RRe s aRe R e ebReR R b Sue bt R R e e an e e 55V
Storage temperature ................... .—65°C to +150°C
Maximum junction temperature (Tl) ...................... 175°C
Lead temperature (SOIdering, 10 SOC MAX) ........cccvvrirriimiiuiaiminerm et s st e st oo esssos sestsas sasrs sa s tat se b s e ensseesbastossonssas pronesenronen 300°C
Maximum current density 5x1078 A/cm? per Mil-M-38510 ......cccocrririienrcs e sesiensenmiess s e emrrese asnsass e sssassessaness sesnnse < 5x10% A/cm?
Maximum 6, = 28°C/W for cerdips per Mil-M-38510

Maximum 0 = 22°C/W for flatpacks per Mil-M-38510 .............. -
Maximum 8, = 20°C/W for leadless chip carrier par Mil-M-38510 ...ttt < 20°C/W

X monontiio Bl Memories £ 5.428



Military 20-Pin PAL Devices

Military Standard 20-Pin PAL Series
PAL10HS, 12H6, 14H4, 16H2, 16C1, 10L8, 12L6, 1404, 16L2

Can be purchased to standard military drawings 81035, latest revision in effect.

Military 20-Pin Half-Power PAL Series

PAL10HS8-2, 12H6-2, 14H4-2, 16H2-2, 16C1-2, 10L8-2, 12L6-2,
14L4-2, 16L2-2

Operating Conditions

SYMBOL PARAMETER MIN MAX | UNIT
Vee Supply voltage 45 5.5 \
T, Operating free-air temperature -55 °C
! Te Operating case temperature 125 °C
| v, Low-level input voltage <0.8
V.. High-level input voltage 22.0

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only.
“ These are absolute voltages with respect to the ground pin on the devica and include all overshoots due fo system and/or tester

noise.

Electrical Characteristics Over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNIT
Ve Input clamp voltage Ve = MIN | =-18 mA -15 v
I, Low-level input current V.o = MAX V=04V —0.25 mA
L, High-level input current Vo = MAX V=24V 25 wA
Iy Maximum input current Ve = MAX V=55V 1 mA
V.= MIN 10H8, 12H8, 14H4, 16H2,16C1,
10L8, 12L6, 14L4, 16L.2
Vo Low-level output voltage 0.5 \
i 1o =4 mA 10H8-2, 12H6-2, 14H4-2, 16H2-2,
! lon = —2 mA 16C1-2, 10L8-2, 12L6-2, 14L4-2, 16122
1 1 V. = MIN 10H8, 12H8, 14H4, 16H2,16C1,
| 10L8, 12L6, 1414, 1612
i Vou High-level output voltage 24 \
i | ==1mA 10H8-2, 12H6-2, 14H4-2, 16H2-2,
| I " = -2 mA 16C1-2, 10L8-2, 12L6-2, 14L4-2, 16122
N Output short-circuit Voo =5V V,=05V -30 -130 mA
! current
D e Supply current 10H8, 12H8, 14H4, 16H2, 2
‘ 16C1, 10L8, 1216, 14L4, 16L2
‘ Vo = MAX mA
10H8-2, 12H6-2, 14H4-2, 16H2-2, 45
i 16C1-2, 10L8-2, 12L6-2, 14L4-2, 16L.2-2
4

* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.
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Military 20-Pin PAL Devices

Military Standard 20-Pin PAL Series
PAL10HS8, 12H6, 14H4, 16H2, 16C1, 10L8, 12L6, 1414, 16L2

Military 20-Pin Half-Power PAL Series
PAL10HS8-2, 12H6-2, 14H4-2, 16H2-2, 16C1-2, 10L8-2, 12L6-2,
14L4-2, 16L2-2

Switching Characteristics Over Operating Conditions

TEST
SYMBOL PARAMETER CONDITIONS MIN MAX | UNIT
10H8, 12H86, 14H4, 16H2, 16C1, 10L8, 12L6, 14L4, 16L2 R, = 560 45 ns
Input or R, = 1.1 KQ
teo feedback
to output | 10H8-2, 12H6-2, 14H4-2, 16H2-2, 16C1-2, 10L8-2, 12L6-2,| R, = 1.12KQ 80 ns
14.4-2,16L2-2 R, =22 KQ
Programmed devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1, 2, 3,7, 8, 9, 10, and 11.
X monoitnio Bl Memories 1 5.427




Military 20-Pin PAL Devices

Military Ultra High Speed 20-Pin PAL Series

PAL16L8D, 16R8D, 16R6D, 16R4D
Can be purchased to standard military drawing 5962-85156, latest revision in effect.

Military Very High Speed 20-Pin PAL Series

PAL16L8B, 16R8B, 16R6B, 16R4B
Can be purchased to standard military drawing 5962-85155, latest revision in effect.

Military High Speed 20-Pin PAL Series
PAL16L8A, 16R8A, 16R6A, 16R4A

Can be purchased to standard military drawing 81038, latest revision in effect.

Operating Conditions

20D 20B 20A
SYMBOL PARAMETER UNIT
MIN MAX | MIN MAX | MIN MAX
Veo Supply voitage 4.5 5.5 45 55 45 5.5 v
T, Operating free-air temperature -55 -55 -55 °C
T, Operating case temperature 125 ' 125 125 °C
Low 12 12 20
.t Width of clock (except 16L.8) ns
High 8 12 20
. Set up time from input or 15 P20 30 ns
feedback to clock (except 161.8) i
tr Hold time 0 Lo 0 ns
' Low-level input voltage <0.8 <0.8 <0.8 v
V. High-level input voltage 22.0 22.0 22.0 \

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only.

* These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise.

tThese are device set-up conditions, which are measured during initial qualification, and are not directly tested.

Electrical Characteristics Over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNIT
Ve Input clamp voltage Ve =MIN =-18 mA -15 v
N Low-level input currant Vee = MAX V=04V -0.25 mA
[ High-level input current V. = MAX V,=24V 25 RA
I, Maximum input current Vo = MAX V,=55V 1 mA
oL Low-level output voltage V.= MIN I, =12mA 05 v
Vou High-level output voltage Ve = MIN I, ==2 mA 24 v
b V,=04V -100 HA
Off-state output current Vo = MAX
lops” V=24V 100 nA
| on o
log™ Output short-cireuit current V=5V V,=05V ~30 -130 mA
lee Supply current V.. = MAX 180 mA

* O pin leakage is worst case of IIX or IOZX; i.e., lIL and IOZH. )
** Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.

5-428
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Military 20-Pin PAL Devices

Military Ultra High Speed 20-Pin PAL Series
PAL16L8D, 16R8D, 16R6D, 16R4D

Military Very High Speed 20-Pin PAL Series
PAL16L8B, 16R8B, 16R6B, 16R4B

Military High Speed 20-Pin PAL Series
PAL16L8A, 16R8A, 16R6A, 16R4A

Switching Characteristics Over Operating Conditions

SYMBOL

PARAMETER

} 20D 208 20A
TEST

CONDITIONS | MIN MAX MIN MAX MIN MAX

Input or feadback
to output (except 16R8)

‘ 15 20 30 ns

Clock to output or feedback
(except 16L8)

Pin 11 to output enable
(except 161.8)

Pin 11 to output disable
(except 16L8)

Input to output enable
(except 16R8)

R, =390 Q 17 25 30 ns
=750 Q

Input 1o output disable
(except 16R8)

State machine maximum
operating frequency
(except 16L.8)

Data path register
maximum opsrating
frequency (except 16L.8)

50 416 25 B
| |

*fMAX is calculated and measured on initial qualifications only.
FMAX (state machine) = 1/t + 1]
FMAX (data path register) = 11t +1,.] or 14, +t,, whichever is smaller.

ByU' h’

Programmed devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1,2,3,7,8,9,10 and 11.

2\ monoittiio ] Memories &1 5.429



Military 20-Pin PAL Devices

Military Half-Power 20B-Pin Series

PAL16L8B-2, 16R8B-2, 16R6B-2, 16R4B-2
Can be purchased to standard military drawing 5962-85155, latest revision in effect.

Military Half-Power 20A-Pin Series
PAL16L8A-2, 16R8A-2, 16R6A-2, 16R4A-2

Can be purchased to standard military drawing 810386, latest revision in effect.

Operating Conditions

20 B-2 20 A-2
SYMBOL PARAMETER UNIT
MIN MAX | MIN MAX
Vo Supply voltage 45 55 45 55 v
T, Operating free-air temperature -~55 -55 125 °C
T, Operating case temperature 125 °C
Low 20 25
tt Width of clock (except 16L8) ns
High 20 25
! Set up time from input or 30 50 ns
feedback to clock (except 16L8)
Lt Hold time 0 0 ns
A Low-level input voltage <0.8 , <0.8 \
v, High-level input voltage 22.0 22.0 )

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only.
* These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester

noise.

t These are device set-up conditions, which are measured during initial qualification, and are not directly tested.

Electrical Characteristics Over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNIT
Ve Input clamp voltage V.. =MIN | =-18mA -1.5 v
" Low-level input current Ve = MAX V=04V -0.25 mA
L High-lavel input current V. = MAX V=24V 25 pA

I, Maximum input current Ve = MAX V,=55V 1 mA
\% Low-level output voltage V. =MIN l.=12mA 0.5 v
on High-level output voltage Vee =MIN Iy ==2 mA 24
bor” V=04V -100 pA
Oft-state output current V= MAX
b V. =24V 100 pA
OZH o
V=5V |16L8B-2, 16R8B-2, 16R6B-2, 16R4B-2 -250
[ Output short-circuit current mA
V,=05V | 16L8A-2, 16R8A-2, 16R6A-2, 16R4A-2 | —30 -130
loe Supply current Vo = MAX | 90 mA

* IO pin leakage is worst case of IX or I0ZX; i.e., liL and 10ZH. o
** Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.

5-430
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Military 20-Pin PAL Devices

Military Half-Power 20B-Pin Series

PAL16L8B-2, 16R8B-2, 16R6B-2, 16R4B-2
Can be purchased to standard military drawing 5962-85155, latest revision in etfect.

Military Half-Power 20A-Pin Series
PAL16L8A-2, 16R8A-2, 16R6A-2, 16R4A-2

Can be purchased to standard military drawing 810386, latest revision in effect.

Switching Characteristics Over Operating Conditions

T 20 B-2 20 A-2
SYMBOL PARAMETER TEST UNIT
CONDITIONS MiIN MAX | MIN MAX
te Input or feedback to output (except 16L8) 30 50 ns |
to Clock to output or feedback (except 16L8) 20 25 ns
Pin 11 to output enable (except 16L8) R, =390 Q 25 25 ns
to Pin 11 to output disable (except 16L8) R,=750Q 25 25 ns
ton Input to output enable (except 16R8) 30 | 45 ns
toe Input to output disable (except 16R8) 30 45 ns
fState maclzine ma);ig}_usm operating 20 13.3
requency (except ) )
fMAX* MHz |
Data path register maximum
operating frequency (except 16L8) 25 20

*fMAX is calculated and measured on initial qualifications only.
fMAX (state machine) = 1/ft, +1.,]
FMAX (data path register) = 14t,, +t,,] or 14, +t,, whichever is smaller.

Programmaed devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1,2,3,7,8,9,10 and 11.

2\ Monottthio B Momories S 5-431



Military 20-Pin PAL Devices

Military Quarter-Power 20B-Pin Series

PAL16L8B-4, 16R8B-4, 16R6B-4, 16R4B-4
Can be purchased to standard military drawing 5962-88515 latest revision in effect.

Military Quarter-Power 20A-Pin Series
PAL16L8A-4, 16R8A-4, 16R6A-4, 16R4A-4

Can be purchased to standard military drawing 85065 latest revision in effect.

Operating Conditions

20 B-4 20 A4
SYMBOL PARAMETER UNIT
MIN MAX MIN MAX
Vee Supply voltage 45 55 45 55 v
T, Operating free-air tempsrature -55 -55 125 °C
Te Operating case temperature 125 °C
Low 25 40
tt Width of clock (except 16L8) ns
High 25 40
i, Set up time from input or feedback to clock (except 16L8) 50 90 ns
Lt Hold time 0 0 ns
' Low-level input voltage <0.8 <0.8
vV, High-leval input voltage 22.0 22.0

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only.
* These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester
noise.

t These are device set-up conditions, which are measured during initial qualification, and are not directly tested.

Electrical Characteristics Over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT
Ve Input clamp voltage V.= MIN |, =~18 mA -1.5 v
W Low-level input current Ve = MAX V=04V -0.25 mA
1 High-level input current V. = MAX V=24V 25 HA

l, Maximum input current Ve = MAX V=55V 1 mA
Vo Low-level output voltage Ve =MIN I, =4 mA 0.5

Vou High-level output voltage Ve =MIN loy ==1 MA 24 v
b V,=04V -100 KA
Oft-state output current V. = MAX

Iz V,=24V 100 nA
V. =5V | 16L8B-4, 16R8B-4, 16R6 B-4, 16R4B-4 -250

bog™ Qutput short-circuit current mA
V,=05V | 16L8A-4, 16R8A-4, 16R6A-4, 16R4A-4| -30 -130
16L8A-4, 16R8A-4, 16R6A-4, 16R4A-4 50

leg Supply current V. = MAX mA
161.8B-4, 16R8B-4, 16REB-4, 16R4B-4 55

* #O pin leakage is worst case of lIX or I0ZX; i.e., liL and IOZH.
** Not mare than one output should be shorted at a time and duration of the short circuit should not exceed one second.
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Military 20-Pin PAL Devices

Military Quarter-Power 20B-Pin Series
PAL16L8B-4, 16R8B-4, 16R6B-4, 16R4B-4

Military Quarter-Power 20A-Pin Series
PAL16L8A-4, 16R8A-4, 16R6A-4, 16R4A-4

Switching Characteristics Over Operating Conditions

20 B4 20A-4
SYMBOL PARAMETER TEST UNIT
CONDITIONS MIN MAX | MIN MAX
too Input or feedback to output (except 16R8) 50 75 ns
bk Glock to output or feedback (except 161.8) 25 45 ns
I R
to Pin 11 to output enable{except 16L8) R, =800Q 25 40 ns
o Pin 11 to output disable (except 16L8) R, = 1.56 KQ 25 40 ns
oy Input to output enable (except 16R8) 45 65 ns
to Input to output disable (except 16R8) 45 65 ns
State machine maximum 13.3 74
operating frequency (except 16L8)
fMAX* MHz
Data path register maximum 20 125
operating frequency (except 16L8)
*fMAX is calculated and measured on initial qualifications only.
fMAX (state machine) = 1/t, + t,,]
fMAX (data path register) = 14t,, + t,,] or 141, +t,, whichaver is smaller.
Programmad devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1,2,3,7,8,9,10 and 11.
2\ Monouithio LIl Memories C1 5-433



Military 20-Pin PAL Devices

Military Arithmetic 20-Pin PAL Series
PAL16X4

Operating Conditions

SYMBOL PARAMETER MIN MAX | UNIT
Vee Supply voltage 4.5 55 \
T, Operating free-air temperature -55 °C
T, Operating case temperature 125 °C

Low 25
tt Width of clock ns
High 25
.t Set up time from input or 55 ns
feedback to clock
tt Hold time o] ns
\ E Low-level input voltage <0.8 Vv
\ ! High-level input voltage 22.0 v

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only.

* These are absolute voltages with respact to the ground pin on the device and include all overshoots due to system and/or tester
noise.

t These are device set-up conditions, which are measurad during initial qualification, and are not directly tested.

Electrical Characteristics Over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNIT
Ve Input clamp voltage Vee = MIN | =—18 mA -1.5 v
e Low-level input current Vch = MAX V,=04V -0.25 mA
L High-level input current V.. = MAX V=24V 25 RA

l, Maximum input current V. = MAX V,=55V 1 mA
o Low-level output voltage Ve = MIN l,, =12 mA 0.5 v
on High-level output voltage Ve = MIN by = —2 MA 24 v
bon” V,=04V -100 A
” Oft-state output current V. = MAX
o Vy=24V 100 A
o™ Output short-circuit current V=5V V=05V -30 -130 mA
lee Supply current Vo = MAX 16X 4 225 mA

* /O pin leakage is worst case of 11X or [OZX; i.e., lIL and 10ZH.
** Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.

5.434 :l Monollthlom Memories :l



Military 20-Pin PAL Devices

Military Arithmetic 20-Pin PAL Devices
PAL16X4

Switching Characteristics Over Operating Conditions

SYMBOL PARAMETER COJIEI?ONS MIN MAX | UNIT
to Input or feedback to output 45 ns
o Clock to output or feedback 25 ns
tozx Pin 11 to output enable R, =200Q 25 s |
toxz Pin 11 to output disable R,=390Q 25 ns
toax Input to output enable 45 ns
tor Input to output disable 45 ns
FMAX | Maximum frequency 125 MHz
Programmaed devices conform to Mil-Std-883, Methad 5005, Group A, Subgroups 1,2,3,7,8,9,10 and 11.
&\ monortiie Ll Memories 1 5.435



Military 20-Pin PAL Devices

Military 20-Pin PAL Devices

Switching Waveforms

,— DONT CARE STATE
INPUTS, O, 3v
REGISTERED ( )( )(
FEEDBACK ov
tau ta— th twh twi
3V
CK 7- \ ov
av
e
ov
toLK Tpxz-+f tpzx
REGISTERED ) ) ) )—\—VOH‘“ V( é ( (
OUTPUTS A V005V

o tpxz —e etpz+|
Vor 0.5V
°°MB'%TT%‘3$'§ ZSTATE —»»9—[—(«
A Vor05V

Notes: 1. t,,is tested with switch S, closed. C_= 50 pF and measured at 1.5 V output level.
2. t,, is measured at the 1.5 V level with C_= 50 pF. S, is open for high impedance to “1” test, and closed for high imped-
ance to “o” test.
3. t,,istested with C_= 5 pF. S, is open for “1” to high impedance test, measured V,, -0.5V
output level. 8, is closed for “0” to high impedance test measured to V,,, +0.5 V output level.
4. Equivalent test loads may be used on automatic test equipment.

503133

Test Load
5V
} S1
R1
OUTPUT TEST POINT
R2 cL
503194
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Military 20-Pin PAL Devices

Military 20-Pin PAL Devices

Life Test/Burn-In Circuits
Complies with Mil-Std-883, Method 1005/1015, Condition D.

Circuit Configurations

Waveforms

“1" 100 KHz 1. All Burn-In will be accomplished at 125° C +5/~0°C
Y | | | | | I I | l | o 2.V, =525Volts+025V

3. All clocks (A0 to Ax) are square wave signals, 50+15%

“n Duty Cycls, with:

Al I I I I | a.‘0"=-05Vto+0.7V
- 0" 50 KHz b.“1"=4+24Vto V,,
e c. Rise Time (+0.7 Vto +2.4 V) < 1 usec

A2 | I I d. Fall Time (+2.4 V1o +0.7 V) < 1 usec
0" 25 KHz . Resistor Value

330 Q or 470 Q 5%
5. All Board Components to be compatible with 150°C

~

A3 10 Ax Follow in order 503 134 Ambient (Min).
PAL10H8/H8-2 PAL12H6/H6-2 PAL14H4/H4-2
PAL10L8/1L8-2 PAL12L6/L6-2 PAL14L4/L4-2
vce vCce VCC

U aa ey ] ] "]

o — 1 20 Ap — 1 20 Ap —~{ 1 20
Ay 2 19 A2 19 |- A Ay —2 19 |- A
Az 43 18 Az <3 18 vee Az -3 18 |- A2
Az —|4 17 Az ~ 4 17 Az — 4 17 vee
Av—S 16 As—5 16 Ay — 5 16
As — 6 15 As — B 15 As —1 6 15
As 47 14 Ag 7 14 Ag — 7 14
A7 18 13 Ar -8 13 Ay —8 13 An
Ag — 8 12 As — 9 12 |~ Ao Ag—9 12— A
_l_—-m 11 |- Ag _E—m 1 Ag —l—_—m

11 |~ Aq
503 135
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Military 20-Pin PAL Devices

Military 20-Pin PAL Devices

Life Test/Burn-In Circuits
Complies with Mil-Std-883, Method 1005/1015, Condition D.

Circuit Configurations

PAL1G6H2/H2-2 PAL16L8A/B/D PAL16R8A/B/D

PAL16L2/L2-2 PAL16L8A-2/B-2 PAL16R8A-2/B-2

PAL16C1/C1-2 PAL16L8A-4/B-4 PAL16R8A-4/B-4

vce vce vce

Ao — 1 20——1 Ao — 1 20 (CLK) Ag — 4 20

At -2 19 |—Ass Ay —2 19 |-~ Ay 2 19

A2 —3 18 |~ A Az 13 18 |-~ Az -3 18

Az — 4 17 |- A1 Az 4 17 Ao A3 — 4 17

Aq—Ss 16 vce Ay — 5 16 A4 Ay —S 16

As —16 153" As — 6 15 Ay As — 6 15

As —{ 7 14 A Ag -7 14 [~ As — 7 14

A; -8 13 |— Ay A7z |8 13 A A7 —8 13

Ag —{ 9 12 — A Ag —{9 12 A Ag — 9 12

Ham 10 1 Ay i 10 11— Ag N 10 11 Ag

PAL16R6A/B/D PAL16R4A/B/D

PAL16R6A-2/B-2 PAL16R4A-2/B-2 PAL16A4

PAL16R6A-4/B-4 PAL16R4A-4/B-4 PAL16X4

vce vee vce

CLK) Apg {1 20 (CLK) Ao — 1 20 {CLK) Ao — 1 20

Ay -2 19r-‘v-4 Ay —2 19 |~ A2 19 e

Az -3 18 ey Az -3 18 [~ Az —13 18 |

Ay — 4 17 b~ Ay —1 4 17 Az ~ 4 17 [

As—5 16 |~ As 5 16 4 Ay — 5 16 [~

As — 6 15 -~y As — 6 15 A As — 6 15 A

Ag — 7 14 =~ As — 7 14 [~ As — 7 14 A

A7 8 13 -~y Ar — 8 13 |-~ A7y g 13 Ay

Az — 9 12 As —19 12 Ag — 9 12 A

Hem 10 11 | Ag 10 11 |~ Ap 10 11— Ag

503 138
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