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A NON-VOLATILE MICROPROCESSOR MEMORY
USING 4K N-CHANNEL MOS RAMS

INTRODUCTION

Most read/write semiconductor memories are volatile,
ie., if power is removed from the memory the stored
information will be lost. In many cases of power failure,
non-volatility for a specific period of time is required
either as a necessity (irreplaceable information) or as a
convenience (to avoid reloading the memory).

This paper describes the design of an 8192-byte non-
volatile memory system using dynamic RAMs and CMOS
control logic in order to significantly reduce the power
requirement in the standby mode of operation with respect
to the normal operating mode.

This system was designed to be an add-on memory for
the EXORGciser,* a system development tool in the M6800
Microcomputer family.

MEMORY DEVICE DESCRIPTION

The memory device used in this system is the
MCM6605A, a 4096-word x 1-bit dynamic Random
Access Memory (RAM). The dynamic characteristic of
this memory device requires that refreshing of the memory
cells be performed at periodic intervals in order to retain
the stored data. This device was chosen for the following
features: high bit density per chip and correspondingly
low price per bit, standby mode with low power
dissipation, TTL compatibility of inputs and outputs,
and speed characteristics compatible with microprocessors
and the EXORciser.

Figure 1 is a functional block diagram of the MCM-
6605A. The device uses a three-transistor storage cell
in an inverting cell configuration. The single external high-
level Chip Enable clock starts an internal three-phase clock
generator which controls data handling and routing on
the memory chip. The lower 5 address lines (AO to A4)
control the decoding of the 32 columns, and the upper 7
address lines control the decoding of the 128 rows within
the memory chip. The Chip Select (CS) input is used for
memory expansion and controls the I/O buffers: when
CS is low the data input and output are connected to the
memory data cells, and when CS is high the data input is
disconnected and the data output is in the high impedance
state. Refreshing is required every 2 ms and is accomplished
by performing a write cycle with CS high on all 32 columns

*Trademark of Motorola Inc.

selected by AO through A4. The read/write line controls
the generation of the internal ¢3 signal which transfers
data from the bit sense lines into storage.

All inputs and outputs with the exception of the high-
level Chip Enable signal are TTL compatible, and the out-
puts feature three-state operation to facilitate wired-OR
operation. The Chip Enable signal has ground and +12 V
logic levels. Power requirements are typically 330 mW per
device in the active mode from +12 V, +5V, and -5V
power supplies, and 2.6 mW in standby with refresh from
the +12 V and -5 V power supplies (the +5 V supply
powers the output buffers and is not required during
standby operation).

Memory timing is outlined in Figure 2 and operates as
follows for a read cycle (Figure 2a). The Chip Enable line
is brought high after the correct addresses are set up, which
starts the internal three-phase clock and latches the
addresses into an internal register. Chip Select must be
brought low in order to connect the data input and out-
put to the data cells, and the Read/Write line must be
brought high to inhibit the ¢3 cycle which writes data
into the storage cells. A write cycle (Figure 2b) occurs in
exactly the same manner as a read cycle except that the
R/W line is placed in the Write mode, which gates the input
data onto the bit sense lines, and enables a ¢3 cycle to
write into the data cells. A write and a refresh cycle are
the same with the exception of Chip Select, which is held
high for a refresh cycle and low for a write cycle.

The Read-Modify-Write cycle shown in Figure 2¢ is a
read followed by a write within the same CE cycle. CS is
brought low shortly after the leading edge of CE and R/W
is held high long enough for the Data Out to become valid.
The R/W line can then be strobed low for a minimum
write time to enter the Data In (which has been placed
on the input) into the data cells.

By holding the Chip Select high during refresh, the
input data is inhibited from modifying the bit sense lines
and the original data is returned to the data cells during
¢3 of the cycle. This refreshing action recharges the storage
cellsand must be done at least every 2 ms if the memory is
to retain the information. The fact that the data is stored
on a capacitor in a dynamic memory (rather than the “On”
transistor of a static memory) requires that the capacitor
be recharged periodically. This capacitive storage produces
a low power standby mode of operation where only re-
freshing takes place, which is the foundation of this low
current drain non-volatile memory design. The memory

Circuit diagrams external to Motorola products are included as a means of illustrating typical semiconductor applications; consequently,
complete information sufficient for construction purposes is not necessarily given. The information in this Application Note has been care-
fully checked and is believed to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information
does not convey to the purchaser of the semiconductor devices described any license under the patent rights of Motorola Inc. or others.



A10A9A8 A7A6 A5 AOA2A4
20 1918 17 16 15 1310 9

Chip
Enable © @1 Q ? 3]
—e 02
Read/Write 14 0— = ¢3
_J Bit Bit ‘_ _] Bit Bit l_.
4095 4064 2047 2016
] 3
£ £
4 4
b &
bt Rt
. o [
Bit Bit Bit Bit
] 3103 3072 [] - ?_1 1055 1024 [7]
Row
} 4 Decode ’ *
Al 21 O— And
-
Column Decode Bit Column Decode
A3 2 O———— SLe,"se
ine
* Select * T
._] Bit Bit l_. J Bit Bit Ll
3071 3040 - » 1023 992
@ (]
£ £
-4 4
25 29
o o
n %]
Rt Rt
[ ")
Bit Bit Bit Bit
’j 2079 2048 [_‘ '_] 31 0 l’_'
Preset 3 O- Data Control Cells I
Data In 4 o—%—f_\ 7 Data Out
1—-d_/ ’
Chip 8 o
Select
&5 CE Vpp = Pin 22
A11 Vgg = Pin 12
Vgg = Pin 1

Vee = Pin 11

FIGURE 1 — MCM6605A 4K RAM Block Diagram

device typically dissipates 330 mW in the active mode
but only 2.6 mW in the standby mode (refreshing only).

MEMORY SYSTEM DESIGN REQUIREMENTS

This memory system was designed with the following
major design goals:

First, non-volatility for a period of time in the range of
7 to 10 days from a reasonably sized battery. It is also
desirable for the system to operate from one battery
voltage during the standby mode to simplify the battery
requirements. Second, the memory size was desired to be
8K bytes on a PC card easily expandable upward and
addressable in 4K byte blocks. Third, the memory system
must be able to interface with the MC6800 microprocessor
which has a basic cycle time of 1 wus. Fourth, the
memory system controller must handle all refresh re-
quirements in a manner as invisible as possible to micro-
processor operation.

MEMORY SYSTEM DESCRIPTION

A block diagram of the memory system is detailed in
Figure 3. This block diagram can be split into three main

sections as follows. The first section is comprised of the
address buffers, Read/Write and Chip Select decoding
logic. The second section consists of the data bus buffering
and the memory array itself. The memory array consists
of sixteen memory devices (4K words x 1-bit) organized
into two rows of 4096 bytes each. The third section of the
block diagram comprises the refresh and control logic for
the memory system. This logic handles the timing of the
refresh handshaking with the EXORciser to request a
refresh cycle, the generation of the refresh addresses,
synchronization of the Power Fail signal, multiplexing
of the external Memory Clock with the internal clock
(used during standby), and generation of the -5 V supply
on the board by a charge pump method.

Figure 4 is a worst case timing diagram of the read
and write cycles of the EXORciser and the 4K memory
system. The timing is composed of two phases. During
phase 1 (¢1) addresses are set up and during phase 2 (¢2)
data is transferred. Figure 5 is a timing diagram of the
memory system in standby showing refresh cycles only.
This timing analysis will be referred to in the following
discussions of the memory control circuitry.
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ADDRESS BUFFERS AND DECODING

Figure 6 is a logic diagram of the address buffers, de-
coding logic and refresh address multiplexer. Address and
data lines from the EXORciser are buffered from the
capacitance of the memory array in order to provide a
small load to the bus. This increases the EXORciser
flexibility because it can easily be expanded. Since the
addresses are valid on the EXORciser bus 300 ns into
¢1, 200 ns is available to set up the address on the
memories. The worst case input capacitance on the
address lines of the MCM6605A is 5 pF/input. A system of
16 memory devices (8K bytes) presents a total capacitive
load on the address lines of only 100 pF (20 pF stray
capacitance). Since 200 ns is available to set up the
addresses on the memory devices, no high current buffers
are required to drive the memories. AO through A4 must be
multiplexed with the refresh addresses so that all 32
columns will be refreshed every 2 ms. Because of the
requirement of low current drain in the standby mode, an
MC14503* CMOS buffer with a three-state output is
used to meet the multiplexing requirement. The buffers
have sufficient current drive capability to drive the address
line capacitance within 100 ns. An open collector TTL gate
is used to translate to +12 V CMOS levels. AO through
All are driven with Ground and 12 V logic levels
so that +5 V is not required in the standby mode. AS
through A11 are clamped to Ground during a refresh cycle
so that they will remain stable.

The high order address lines (A12 through A1S5) are
used to decode one 4K block of memory out of the 16
total possible blocks in the 65K address map. The addresses
and their complements are routed through hexadecimal
switches to MC7430 NAND gates in order to create a CS
signal for each 4K byte of memory. By rotating the
hexadecimal switches (S3 and S4), all combinations of
true and complement addresses can be routed to the
NAND gates, thereby selecting one of the sixteen 4K
blocks. VMA and REF A are also inputs to these NAND
gates: VMA is a Valid Memory Address signal on the bus
indicating that the address lines are valid and REF, is a
control signal indicating that a refresh cycle is taking place.
During a refresh cycle, REFA goes low forcing CSA and
CSp high (a refresh cyclefor the memory devices is a
write cycle with the Chip Select held high). The output of
the MC7430 is translated to 12-V CMOS levels with the
open collector gates and buffered with the MC14503 three-
state buffer. The capacitive loading on each set of three
paralleled drivers is 60 pF, allowing Chip Select to be
decoded and valid 120 ns after addresses are valid on the
data bus. During the standby mode (Bat = “1”’) the CMOS
buffer is disabled allowing the 3.3 k ohm resistors to pull
CSA and CSB high for continuous refreshing.

The Read/Write signal is received by an MC8T26** and
then decoded in the following manner: A write inhibit
feature is provided using switches S1 and S2 for each 4K

byte block of memory so that in a ROM simultation
application the memory can be protected from extraneous

write operations due to programming or operator errors.

The Ready-Modify-Write cycle of the MCM6605A is used in
this application because it requires a shorter data valid
time (tData Stable) than a normal write cycle (see Figures
2b and 2¢). This feature is desirable because the EXORciser
places valid data on the bus for the last 300 ns of a Write
cycle. In order to delay the write pulse to the memory
array until the data is valid on the Data Inputs of the
memory array, a write inhibit pulse is combined with the
EXORciser R/W signal in the MC7420 NAND gates. This
write inhibit pulse is generated by the MC8602 mono-
stable multivibrator triggered from the leading edge of
the Memory Clock bus signal. The effect of this added delay
can be seen from Figure 4 when comparing the memory
array R/W line for a read and a write cycle. Note that for
a write cycle, the R/W of the memory array is inhibited
from dropping to the Write mode until memory input
data is valid.

The refresh control signal (REF A) is combined with
the output of the MC7420 in an MC7408 AND gate in
order to force a write signal on the memory R/W lines
while in a refresh cycle. Translation and buffering is ac-
complished in a similar manner as with the Chip Select
signals. When in the standby mode (Bat = “1”) the
MC14503 buffers are disabled allowing the 3.3 k resistor
to establish a zero level on the R/W line of the memory
array for continuous refreshing.

DATA BUFFERS AND MEMORY ARRAY

The EXORciser data bus is bidirectional, while the
MCM6605A memory has separate data inputs and outputs.
The MC8T26 data bus receiver/driver buffers the capaci-
tance of the memory array (very low, about 30 pF per
data line) and combines the Data Input and Data Output
of the memory array into one bidirectional bus as shown
in Figure 7. The Data Out of the memory devices is
inverted from the Data In, requiring an extra inverter
(MC7404) in the data path when working with a non-
inverting bus (i.e., the data is returned to the bus in the
same sense it was received).

During a memory write cycle, the data is valid on the
data bus 200 ns (TASD) after the leading edge of the
Memory Clock. With a 50 ns delay through the bus
translators, the data setup requirement of the memories
(210 ns) is easily met (see Figure 4). A memory read
cycle requires a data setup time on the data bus of 120 ns.
The access time of the memory from the leading edge of
the CE signal plus the bus transceiver delay is 305 ns,
which is compatible with the setup time required.

REFRESH AND CONTROL LOGIC

The refresh control logic shown in Figure 8 handles
the refreshing of the memory during both operating and
standby modes. The timing is shown in Figure 9.

The refresh timing is controlled by an astable multi-

qt +ad ith cntinaratar
or constructed with an MC3302 u’)ulpalatﬁx This

* MC14503 to be introduced-replacement for MM80C97.
**MC8T26 to be introduced-replacement for N8T26.
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device was chosen for its low current consumption (1.5
mA max) and single supply voltage operation, both
important for battery operation. The refresh requirement
of 32 refresh cycles every 2 ms is handled by stealing
cycles from the processor. This cycle stealing results in a
1.6% slower program execution rate than the basic micro-
processor clock frequency. During the refresh cycle, the
clocks to the microprocessor are “stretched” during the
¢1 high and the ¢2 low times by 1 us as shown in Fig-
ure 9. During this 1 us period, the memory executes a
refresh cycle. In order to minimize the effects of memory
refresh on microprocessor program execution, the 32 re-
fresh cycles are distributed over the 2 ms period, one
occuring every 64 us. Refresh could be done in a burst of
32 cycles every 2 ms but this would cause a larger gap in
program execution, which in this case was undesirable.

The MC3302 produces the 64 us signal shown in
Figure 5 to time the refresh requirement, and also is used
in the generation of the -5 V supply required by the
MCM6605 memory. Since these functions are required
in the standby mode, which is powered by the battery, a
CMOS buffer is used in a charge pump circuit to mini-
mize current drain from the battery. This charge pump
creates -5 V at 3 mA from the 12-V battery to satisfy the
bias requirements of the memory devices.

The Refresh Clock is used to increment the address
.counter (MC14024) and to clock the refresh handshaking
logic (MC14027). Refresh Request goes low on the leading
edge of the Refresh Clock, thus requesting a refresh cycle.
Logic in the clock generation circuitry stretches the high
portion of ¢1 and the low portion of ¢2 while sending
back a Refresh Grant signal. This stretching of the @1 signal
delays program execution during this cycle. The leading
edge of Refresh Grant starts the refresh cycle and cancels
Refresh Request. The trailing edge of Refresh Grant re-
turns the refresh logic to the normal state and the memory
is ready for a memory access. The trailing edge of the
Refresh Clock then increments the refresh address counter
in preparation for the next refresh cycle.

Decoding of the memory clock (CEA and CER) and the
circuitry to synchronize the Power Fail signal is shown in
Figure 10, with the timing given in Figure 11.

The memory device clock (CEA and CERB) during stand-
by is created by a monostable multivibrator (MC14528)
and buffered from the memory array by three MC14503
buffers in parallel. This clock is multiplexed with the
Memory Clock by use of the three-state feature of the
MC14503. The Memory Clock (used during normal oper-
ation) is translated to 12-V levels by use of an MC3460
clock driver. Decoding of the CEA and CER signals (i.e.,
clocking only the memory band addressed) to conserve
power is accomplished by internal logic within the MC3460.

Since the Power Fail signal will occur asynchronously
with both the Memory Clock and the refreshing operation
(Refresh Clock), it is necessary to synchronize the Power
Fail signal to the rest of the system in order to avoid
aborting a memory access cycle or a refresh cycle. An
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MC14027 dual flip-flop is used as the basic synchronization
device. The leading edge of the Refresh Clock triggers a
3 us monostable multivibrator which is used as a refresh
pretrigger. The trailing edge of this pretrigger triggers a
500 ns monostable which creates the CE pulse during
standby operation. The 3 us pretrigger signal is used to
direct set half of the MC14027 flip-flop, the output of
which, (B, then inhibits a changeover from the standby
to the operating modes (or vice versa). This logic prevents
the system from aborting a refresh cycle should the Power
Fail signal change states just prior to or during a refresh
cycle. The trailing edge of the 500 ns monostable clears
the MC14027 flip-flop, enabling the second flip-flop in the
package. The state of Power Fail and Power Fail is applied
to the K and J inputs of this second flip-flop and is
synchronized by clocking with Memory Clock. The outputs
of this flip-flop, labeled Bat and Bat, lock the system
into the refresh mode and multiplex in the internal
clock for standby operation when Bat = ““1”.

SYSTEM PERFORMANCE

Figure 12 is a photograph of the breadboard of this
dynamic memory system. This breadboard was interfaced
with an EXORciser system and tested using a compre-
hensive memory test program written in-house.

Figure 13 is a photograph of waveshapes associated
with alternate reads and writes in one 4K -bank of the
memory system. Included also is the M6800 program used
to generate these waveforms. This type of operation pro-
duces repetitive signals on the memory board in order to
aid troubleshooting. Note the refresh cycle sandwiched
in among the read and write cycles, and that the decoding
of the CE signals produces no clocks on CE (accesses are
to bank B), except during refresh.

Figure 14 shows the printed circuit memory array used
to interconnect the memories. The addresses are bussed
between the 4K memory chips in the horizontal direction.
Data lines are bussed in ‘the vertical direction. The
MCM6605 4K RAM has power and ground pins on the
corners of the package allowing wide, low impedance
power and ground interconnects within the memory array.
Decoupling capacitors were used as follows within the
memory array: +12 V - one 0.1 uF ceramic per package,
+5 V - one 0.01 uF ceramic for every three packages, and
-5 V - one 0.01 uF ceramic for every three packages.
Figure 15 is a photograph showing the ripple on the power
supplies caused by accesses to one 4K byte bank of mem-
ory as shown in the photograph. The +12 V line supplies
the most current to the array and is the one on which the
most care in decoupling (wide PC lines and distributed
capacitance) should be taken. Placement of the Vpp pin
on the corner of the package allows the designer the
option to do this easily.
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FIGURE 11 — Power Up/Down Synchronization




FIGURE 12 — Memory System Breadboard
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FIGURE 13 — Alternate Read and Write Memory Accesses
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The dc power dissipation of this memory system is
shown in Table 1. Of these current drains, the most critical
to non-volatile operation is the current requirement in the
standby mode in which the current would probably be
supplied from a battery. A breakdown of the typical cur-
rent required from +12 V to maintain the memory in
the standby mode is shown in Table 2.

By using CMOS for the refresh logic and capacitance

drivers, a dynamic memory, and a low current refresh
oscillator, the standby current has been reduced to a level
that can be supplied easily by a battery. Table 3 is a brief
list of various capacity 12-V batteries that could be used to
power a system of this type in the standby mode. Support
time runs from one-half to 35 days and can be made as
long as desired if sufficient battery capacity is available.

TABLE 1 — 8K x 8 Non-Volatile Memory System Power
Requirements (1-MHz EXORciser Clock Rate)

Current
Mode Power Supply Typical Maximum
+12Vv* 100 mA 300 mA
Operating
+5V 600 mA 860 mA
+12V 14 mA 20 mA
Standby
+5V No +5 V Supply required

*Because memory is dynamic, the +12 V current requirement is
dependent on rate of memory access.

TABLE 2 — Standby Mode Current Allocation

Circuit Section

Typical Current

+12 V Current (Vpp)
Charge Pump
Comparator

P ~t
Capacitaince wuiivers

Total

5 mA
3 mA
2 mA

A A
S inA

14 mA
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TABLE 3 — Battery Characteristics

Ampere- Size
Battery Hours (LxWxH) Weight Support Time*
Globe GC 12200 20 6.9 x 6.5 x 4.9" 16.75 Ibs. 35 days (850 hrs)
Globe GC 1245-1 4.5 6" x 2.5" x 4" 4.5 Ibs 8 days (192 hrs)
Globe GC 1215-1 1.5 7" x1.3" x 2.6 1.5 lbs 2.6 days (63.75 hrs)
Burgess MP 202 0.6 3.4 x 1.4" x 2.3"” 11.6 oz 1.25 days (30 hrs)
Burgess 0.225 3.5 H x 1" Diam. 4.65 oz 0.47 day (11.25 hrs)
12.0 V 225 Bh

*Assumes 20 mA average current drain (14 mA for memory and 6 mA for power fail
detection circuitry) and a battery voltage range during discharge from 13 to 11 V.

SUMMARY

This application note has described the design of an
8K byte memory system, based on the MCM6605A 4K
x 1 dynamic RAM, to provide non-volatile operation with
a minimum of standby current. Tests on the breadboard
memory system indicate standby currents typically 14 mA
from a 12 V battery. The discussion has shown that a
dynamic memory refresh requirement can be handled with

17

minimal control logic. For memory sizes in the area of
8K bytes, the higher bit density of the 4K chip makes the
system design cost effective when compared to an equiva-
lent static memory design. In the area of non-volatility, the
standby mode inherent in a dynamic memory makes it a
“hands down” winner when compared to a static memory
design of this size.



MOTOROLA Semiconductor Products Inc.

Printed in Switzerland



	05722123.tif
	05722124.tif
	05722125.tif
	05722126.tif
	05722127.tif
	05722128.tif
	05722129.tif
	05722130.tif
	05722131.tif
	05722132.tif
	05722133.tif
	05722134.tif
	05722135.tif
	05722136.tif
	05722137.tif
	05722138.tif
	05722139.tif
	05722140.tif
	05722141.tif
	05722142.tif
	05722143.tif
	05722144.tif
	05722145.tif
	05722146.tif
	05722147.tif
	05722148.tif
	05722149.tif
	05722150.tif
	05722151.tif
	05722152.tif
	05722153.tif
	05722154.tif
	05722155.tif
	05722156.tif
	05722157.tif
	05722158.tif
	05722159.tif
	05722160.tif
	05722161.tif
	05722162.tif
	05722163.tif
	05722164.tif
	05722165.tif
	05722167.tif
	05722168.tif
	05722168a.tif
	05722169.tif
	05722170.tif
	05722171.tif
	05722172.tif
	05722173.tif
	05722174.tif
	05722175.tif
	05722176.tif
	05722177.tif
	05722178.tif
	05722179.tif
	05722180.tif
	05722181.tif
	05722182.tif
	05722183.tif
	05722184.tif
	05722185.tif
	05722186.tif
	05722187.tif
	05722188.tif
	05722189.tif
	05722190.tif
	05722191.tif
	05722192.tif
	05722193.tif
	05722194.tif
	05722195.tif
	05722196.tif
	05722197.tif
	05722198.tif
	05722199.tif
	05722201.tif
	05722202.tif
	05722202a.tif
	05722203.tif
	05722204.tif
	05722205.tif
	05722206.tif
	05722207.tif
	05722208.tif
	05722209.tif
	05722210.tif
	05722211.tif
	05722212.tif
	05722213.tif
	05722214.tif
	05722215.tif
	05722216.tif
	05722217.tif
	05722218.tif
	05722219.tif
	05722220.tif
	05722221.tif
	05722223.tif
	05722224.tif
	05722224a.tif
	05722225.tif
	05722226.tif
	05722227.tif
	05722228.tif
	05722229.tif
	05722230.tif
	05722231.tif
	05722232.tif
	05722233.tif
	05722234.tif
	05722235.tif
	05722236.tif
	05722237.tif
	05722238.tif
	05722239.tif
	05722240.tif
	05722241.tif
	05722242.tif
	05722243.tif
	05722244.tif
	05722245.tif
	05722246.tif
	05722247.tif
	05722249.tif
	05722250.tif
	05722250a.tif
	05722251.tif
	05722252.tif
	05722253.tif
	05722254.tif
	05722255.tif
	05722256.tif
	05722257.tif
	05722258.tif
	05722259.tif
	05722260.tif
	05722261.tif
	05722262.tif
	05722263.tif
	05722264.tif
	05722265.tif
	05722267.tif
	05722268.tif
	05722268a.tif
	05722269.tif
	05722270.tif
	05722271.tif
	05722272.tif
	05722273.tif
	05722274.tif
	05722275.tif
	05722276.tif
	05722277.tif
	05722278.tif
	05722279.tif
	05722280.tif
	05722281.tif
	05722282.tif
	05722283.tif
	05722284.tif
	05722285.tif
	05722286.tif
	05722287.tif
	05722288.tif
	05722289.tif
	05722290.tif
	05722291.tif
	05722292.tif
	05722293.tif
	05722294.tif
	05722295.tif
	05722296.tif
	05722297.tif
	05722298.tif
	05722299.tif
	05722300.tif
	05722301.tif
	05722302.tif
	05722303.tif
	05722304.tif
	05722305.tif
	05722306.tif
	05722307.tif
	05722308.tif
	05722309.tif
	05722310.tif
	05722311.tif
	05722312.tif
	05722313.tif
	05722314.tif
	05722315.tif
	05722316.tif
	05722317.tif
	05722318.tif
	05722319.tif
	05722320.tif
	05722321.tif
	05722322.tif
	05722323.tif
	05722324.tif
	05722325.tif
	05722326.tif
	05722327.tif
	05722328.tif
	05722329.tif
	05722330.tif
	05722331.tif
	05722332.tif
	05722333.tif
	05722334.tif
	05722335.tif
	05722336.tif
	05722337.tif
	05722338.tif
	05722339.tif
	05722341.tif
	05722342.tif
	05722342a.tif
	05722343.tif
	05722344.tif
	05722345.tif
	05722346.tif
	05722347.tif
	05722348.tif
	05722349.tif
	05722350.tif
	05722351.tif
	05722352.tif
	05722353.tif
	05722354.tif
	05722355.tif
	05722356.tif
	05722357.tif
	05722358.tif
	05722359.tif
	05722360.tif
	05722361.tif
	05722362.tif
	05722363.tif
	05722364.tif
	05722365.tif
	05722366.tif
	05722367.tif
	05722368.tif
	05722369.tif
	05722370.tif
	05722371.tif
	05722372.tif
	05722373.tif
	05722374.tif
	05722375.tif
	05722376.tif
	05722377.tif
	05722378.tif
	05722379.tif
	05722380.tif
	05722381.tif
	05722382.tif
	05722383.tif
	05722384.tif
	05722385.tif
	05722386.tif
	05722387.tif
	05722388.tif
	05722389.tif
	05722390.tif
	05722391.tif
	05722392.tif
	05722393.tif
	05722395.tif
	05722396.tif
	05722396a.tif
	05722397.tif
	05722398.tif
	05722399.tif
	05722400.tif
	05722401.tif
	05722402.tif
	05722403.tif
	05722404.tif
	05722405.tif
	05722406.tif
	05722407.tif
	05722408.tif
	05722409.tif
	05722410.tif
	05722411.tif
	05722412.tif
	05722413.tif
	05722414.tif
	05722415.tif
	05722416.tif
	05722417.tif
	05722418.tif
	05722419.tif
	05722420.tif
	05722421.tif
	05722422.tif
	05722423.tif
	05722424.tif
	05722425.tif
	05722426.tif
	05722427.tif
	05722429.tif
	05722430.tif
	05722430a.tif
	05722431.tif
	05722432.tif
	05722433.tif
	05722434.tif
	05722435.tif
	05722436.tif
	05722437.tif
	05722438.tif
	05722439.tif
	05722440.tif
	05722441.tif
	05722442.tif
	05722443.tif
	05722444.tif
	05722445.tif
	05722446.tif
	05722447.tif
	05722448.tif
	05722449.tif
	05722450.tif
	05722451.tif
	05722452.tif
	05722453.tif
	05722454.tif
	05722455.tif
	05722456.tif
	05722457.tif
	05722458.tif
	05722459.tif
	05722460.tif
	05722461.tif
	05722462.tif
	05722463.tif
	05722464.tif
	05722465.tif
	05722467.tif
	05722468.tif
	05722468a.tif
	05722469.tif
	05722470.tif
	05722471.tif
	05722472.tif
	05722473.tif
	05722474.tif
	05722475.tif
	05722476.tif
	05722477.tif
	05722478.tif
	05722479.tif
	05722481.tif
	05722482.tif
	05722482a.tif
	05722483.tif
	05722484.tif
	05722485.tif
	05722486.tif
	05722487.tif
	05722488.tif
	05722489.tif
	05722490.tif
	05722491.tif
	05722492.tif
	05722493.tif
	05722494.tif
	05722495.tif
	05722496.tif
	05722497.tif
	05722498.tif
	05722499.tif
	05722500.tif
	05722501.tif
	05722502.tif
	05722503.tif
	05722504.tif
	05722505.tif
	05722506.tif
	05722507.tif
	05722508.tif
	05722509.tif
	05722510.tif
	05722511.tif
	05722512.tif
	05722513.tif
	05722514.tif
	05722515.tif
	05722516.tif
	05722517.tif
	05722518.tif
	05722519.tif
	05722520.tif
	05722521.tif
	05722522.tif
	05722523.tif
	05722524.tif
	05722525.tif
	05722526.tif
	05722527.tif
	05722528.tif
	05722529.tif
	05722530.tif
	05722531.tif
	05722532.tif
	05722533.tif
	05722534.tif
	05722535.tif
	05722536.tif
	05722537.tif
	05722538.tif
	05722539.tif
	05722540.tif
	05722541.tif
	05722542.tif
	05722543.tif
	05722544.tif
	05722545.tif
	05722546.tif
	05722547.tif
	05722548.tif
	05722549.tif
	05722550.tif
	05722551.tif
	05722552.tif
	05722553.tif
	05722554.tif
	05722555.tif
	05722556.tif
	05722557.tif
	05722559.tif
	05722560.tif
	05722560a.tif
	05722561.tif
	05722562.tif
	05722563.tif
	05722564.tif
	05722565.tif
	05722566.tif
	05722567.tif
	05722568.tif
	05722569.tif
	05722570.tif
	05722571.tif
	05722572.tif
	05722573.tif
	05722574.tif
	05722575.tif
	05722577.tif
	05722578.tif
	05722578a.tif
	05722579.tif
	05722580.tif
	05722581.tif
	05722582.tif
	05722583.tif
	05722584.tif
	05722585.tif
	05722586.tif
	05722587.tif
	05722588.tif
	05722589.tif
	05722590.tif
	05722591.tif
	05722592.tif
	05722593.tif
	05722594.tif
	05722595.tif
	05722596.tif
	05722597.tif
	05722598.tif
	05722599.tif
	05722600.tif
	05722601.tif
	05722602.tif
	05722603.tif
	05722604.tif
	05722605.tif
	05722606.tif
	05722607.tif
	05722608.tif
	05722609.tif
	05722610.tif
	05722611.tif
	05722612.tif
	05722613.tif
	05722614.tif
	05722615.tif
	05722616.tif
	05722617.tif
	05722618.tif
	05722619.tif
	05722620.tif
	05722621.tif
	05722622.tif
	05722623.tif
	05722624.tif
	05722625.tif
	05722626.tif
	05722627.tif
	05722628.tif
	05722629.tif
	05722630.tif
	05722631.tif
	05722632.tif
	05722633.tif
	05722634.tif
	05722635.tif
	05722636.tif
	05722637.tif
	05722638.tif
	05722639.tif
	05722640.tif
	05722641.tif
	05722643.tif
	05722644.tif
	05722644a.tif
	05722645.tif
	05722646.tif
	05722647.tif
	05722648.tif
	05722649.tif
	05722650.tif
	05722652.tif
	05722653.tif
	05722654.tif
	05722654a.tif
	05722655.tif
	05722656.tif
	05722657.tif
	05722658.tif
	05722659.tif
	05722660.tif
	05722661.tif
	05722662.tif
	05722663.tif
	05722664.tif
	05722665.tif
	05722666.tif
	05722667.tif
	05722668.tif
	05722669.tif
	05722671.tif
	05722672.tif
	05722672a.tif
	05722673.tif
	05722674.tif
	05722675.tif
	05722676.tif
	05722677.tif
	05722678.tif
	05722679.tif
	05722680.tif
	05722681.tif
	05722682.tif
	05722683.tif
	05722684.tif
	05722685.tif
	05722686.tif
	05722687.tif
	05722688.tif
	05722689.tif
	05722690.tif
	05722691.tif
	05722692.tif
	05722693.tif
	05722694.tif
	05722695.tif
	05722696.tif
	05722697.tif
	05722698.tif
	05722699.tif
	05722700.tif
	05722701.tif
	05722702.tif
	05722703.tif
	05722705.tif
	05722706.tif
	05722706a.tif
	05722707.tif
	05722708.tif
	05722709.tif
	05722710.tif
	05722711.tif
	05722712.tif
	05722713.tif
	05722714.tif
	05722715.tif
	05722716.tif
	05722717.tif
	05722718.tif
	05722719.tif
	05722720.tif
	05722721.tif
	05722722.tif
	05722723.tif
	05722724.tif
	05722725.tif
	05722726.tif
	05722727.tif
	05722728.tif
	05722729.tif
	05722730.tif
	05722731.tif
	05722732.tif
	05722733.tif
	05722734.tif
	05722735.tif
	05722736.tif
	05722737.tif
	05722738.tif
	05722739.tif
	05722740.tif
	05722741.tif
	05722742.tif
	05722743.tif
	05722744.tif
	05722745.tif
	05722746.tif
	05722747.tif
	05722748.tif
	05722749.tif
	05722750.tif
	05722751.tif
	05722752.tif
	05722753.tif
	05722754.tif
	05722755.tif
	05722756.tif
	05722757.tif
	05722758.tif
	05722759.tif
	05722760.tif
	05722761.tif
	05722762.tif
	05722763.tif
	05722764.tif
	05722765.tif
	05722766.tif
	05722767.tif
	05722768.tif
	05722769.tif
	05722770.tif
	05722771.tif
	05722772.tif
	05722773.tif
	05722774.tif
	05722775.tif
	05722776.tif
	05722777.tif
	05722778.tif
	05722779.tif
	05722780.tif
	05722781.tif
	05722782.tif
	05722783.tif
	05722784.tif
	05722785.tif
	05722786.tif
	05722787.tif
	05722788.tif
	05722789.tif
	05722790.tif
	05722791.tif
	05722792.tif
	05722793.tif
	05722794.tif
	05722795.tif
	05722796.tif
	05722797.tif
	05722798.tif
	05722799.tif
	05722800.tif
	05722801.tif
	05722802.tif
	05722803.tif
	05722804.tif
	05722805.tif
	05722806.tif
	05722807.tif
	05722808.tif
	05722809.tif
	05722810.tif
	05722811.tif
	05722812.tif
	05722813.tif
	05722814.tif
	05722815.tif
	05722816.tif
	05722817.tif
	05722818.tif
	05722819.tif
	05722820.tif
	05722821.tif
	05722822.tif
	05722823.tif
	05722824.tif
	05722825.tif
	05722826.tif
	05722827.tif
	05722828.tif
	05722829.tif
	05722831.tif
	05722832.tif
	05722832a.tif
	05722833.tif
	05722834.tif
	05722835.tif
	05722836.tif
	05722837.tif
	05722838.tif
	05722839.tif
	05722840.tif
	05722841.tif
	05722842.tif
	05722843.tif
	05722845.tif
	05722846.tif
	05722846a.tif
	05722847.tif
	05722848.tif
	05722849.tif
	05722850.tif
	05722851.tif
	05722852.tif
	05722853.tif
	05722854.tif
	05722855.tif
	05722856.tif
	05722857.tif
	05722858.tif
	05722859.tif
	05722860.tif
	05722861.tif
	05722862.tif
	05722863.tif
	05722864.tif



