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A Low Vth SRAM Reducing Mismatch of Cell-Stability
with an Elevated Cell Biasing Scheme

Hiroyuki Yamauchi

Abstract—A lower-threshold-voltage (LVth) SRAM
cell with an elevated cell biasing scheme, which
enables to reduce the random threshold-voltage (Vth)
variation and to alleviate the stability-degradation
caused by word-line (WL) and cell power line
(VDDM) disturbed accesses in row and column
directions, has been proposed. The random Vth
variation (ocVth) is suppressed by the proposed LVth
cell. As a result, the LVth cell reduces the variation of
static noise margin (SNM) for the data retention,
which enables to maintain a higher SNM over a
larger memory size, compared with a conventionally
being used higher Vth (HVth) cell. An elevated cell
biasing scheme cancels the substantial trade-off
relationship between SNM and the write margin
(WRTM) in an SRAM cell. Obtained simulation
results with a 45-nm CMOS technology model
demonstrate that the proposed techniques allow
sufficient stability margins to be maintained up to 6c
level with a 0.5-V data retention voltage and a 0.7-V
logic bias voltage.

Index Terms—SRAM, stability, static-noise margin,
write margin

I. INTRODUCTION

Demands for lowering the operating voltage Vdd for
system LSIs has been growing for the battery-operated
applications, such as mobiles. Scaling the minimum
operating voltage (Vdd_min) of embedded SRAM is one
of the keys to lowering a whole-chip operating voltage
for the system LSI.
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However, the scaling pace of Vdd _min for SRAM has
been slowed down due to decreasing stability caused by
increases in amount of random Vth variation (cVth) with
device size scaling. Since all the memory cells embedded
in the system LSIs have to guarantee those read/write
functionality with sufficient margins of SNM and
WRTM, a larger memory size SRAM design requires a
lower bit failure probability at a higher z-score. As a
result, cell-operating voltage is prone to be increased.
Consequently, the level of difficulty of scaling the
SRAM cell depends on the required memory size and
Vdd_min for the amount of cVth for SRAM transistors.

Fig. 1 shows the Vdd min of SRAM with a 45-nm
CMOS technology depending on the cVth without any
stability assist circuit techniques. Since the z-score
corresponds to the number of memory bits which has to
be guaranteed the stable operation, the bit failure
probability has to be reduced more as the guaranteed z-
score is larger. The Vdd min is defined as the voltage at
SNM=0 V, and is plotted in each cVth. It can be seen
from Fig. 1 that the stability for only 1.75-Mbit (56) memory
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Fig. 1. Vdd min of SRAM versus z-score corresponding to
memory size.
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cells is guaranteed with over 50-mV oVth below
Vdd=1.0 V. In other words, a higher operating voltage is
required to maintain sufficient data retention SNM for all
memory cells over larger memory size in a whole chip.
The correlation between the z-score and the memory size
is shown in Fig. 1. The design target is to maintain the
sufficient SRAM margins over the larger memory size
from several M-bits to G-bits. The corresponding z-score
is over 5 as shown in Fig. 1.

This paper proposes the robust cell design for an
embedded SRAM to improve the stability under a larger
oVth and to lower the Vdd min. As the Vth mismatch
between the pair transistors in an SRAM memory cell
increases at a higher z-score range of the variation, the
mismatch of the flip-flop characteristics shown by
butterfly curves increases.

In this paper, the Vth random distribution is assumed
as Gaussian distribution so that the distribution can be
expressed by only two parameters of 1) sigma: cVth and
2) median: pVth. The Vt shift amount at z-point caused
by random variation can be expressed by the following
equation (1)

§Vth= +/- cVth <z (1)

Thus, if z=40, WVth=300 mV, and cVth=50 mV, the
minimum and maximum Vths at z=4c are estimated as
Min-Vth= uVth-cVth<X4=300 mV-50 mV><4=100 mV
Max-Vth =uVth+oVth><X4=300 mV+50 mV><4=500 mV
Fig. 2 shows an example of the decrease in SNM
caused by the increase in the random Vth mismatch (4o
mismatch at the half side of the flip-flop). The stability
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Fig. 2. Increasing mismatch of butterfly-curve at higher z-score
of variation range (compared between Oc and 46).

of SRAM cell (SNM), which is defined as the width of
the nested square in the smaller side of the eyes,
decreases as the asymmetry of the butterfly curve
increases at higher z-score (40). Reducing this mismatch
of the stability is crucial to guarantee the stability in a
higher range of z-score which is actually required for a
larger scale embedded memory.

Another problem in cell stability is the substantial
trade-off relationship between the read and write
operating margins. For example, the conventional SRAM
has a substantial trade-off problem between WRTM and
SNM, because every column under a selected word-line
(WL) has to guarantee the disturbed SNM in the half-
selected cells even for a write access. Even if the best
possible balance between the read and write cell-margins
could be achieved to optimize the operating window, the
opening eye is closing quickly caused by the increasing
device variation and the memory capacity described
above.

To address the above issues and lower the bias voltage
of the logic and SRAM while maintaining the sufficient
stability, a lower-Vth (LVth) cell with an elevated
biasing scheme has been proposed by the author [1].
Since Vth and oVth are reduced by decreasing the
dopant concentration [2-4], the Vth mismatch in the high
z-score range can be reduced by the proposed LVth cell,
compared with the commonly-used conventional higher
Vth (HVth) cell. The mismatch of the cell-margin
characteristics is alleviated with the proposed LVth cell,
and the failure probability at an actually-required higher
z-score point is reduced. The cell bias voltage is lowered
by benefiting from the increased SNM for data-retention,
then the leakage power is reduced to the same extent as
that of the conventional HVth cell with the higher bias
voltage. Furthermore, a disturb-free biasing for the cell
and the peripheral logic, which suppresses the levels of
WL and bit-line (BL) and controls the cell Vss (VSSM),
is proposed. The trade-off relationships between
operating margins are cancelled and the peripheral logic-
bias voltage is reduced.

This paper is organized as follows. A technique for
reducing the mismatch of the cell-margin is demonstrated in
Section II. Following the discussion on the trade-off
relationships between cell margins, the proposed disturb-
free cell biasing is described in Section III. After
showing the simulated results of stability over the high z-
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score rage in Section IV, the conclusion is given in
Section V.

II. REDUCING MISMATCH OF CELL-MARGIN
CHARACTERISTICS

Lowering the SRAM operating voltage results in the
decrease in SNM for the data retention. Reducing the
oVth, resulting in a smaller variation of SNM, is one of
the key to reduce the bit failure probability at a higher
point of z-score at a lower Vdd.

In general, a higher-Vth transistor is employed to
increase the mean value p of SNM even if the variation ¢
of SNM is increased. Thus, it is true that a higher-Vth
transistor decreases the failure probability of SRAM in
the range of the lower z-score, that is, in the range of
smaller memory capacity. On the other hand, the LVth
cell can increase the failure tolerance more than that for
HVth in the range of a higher z-score, because lowering
Vth with a lower dopant concentration leads to smaller
o Vth, resulting in a smaller variation of SNM (cSNM).

The oVth is expressed as equation (2), where @y, is the
Fermi level, V, is the body bias, &g is the dielectric
constant of silicon, &, is the dielectric constant of oxide,
q is the unit charge, Na is the doping concentration, Tox
is the oxide thickness of MOSFET and Leff and Weff are
the length and width of the transistor, respectively [2].

(2(2¢bi - Vbs)* &ESi* q3 * Na)1/4* Tox
(Lejj * We/j )1/2 * Eox

oVth = @)

The oVth can be reduced by lowering the Na [3]. In
this report, the impacts of using LVth transistor on the
stabilities in SRAM cell are discussed based on the
measured 6Vth reduction data. The percentage changes in
the oVth of a PMOS and an NMOS are 9% and 13%,
respectively, with reducing the Vth from 300 mV (HVth)
to 150 mV (LVth) as shown in Fig. 3, which are
experienced by reducing Na and almost equal to the
percentage changes in the Vth for the reference [3].

The parameters for the stability simulation are shown
in Table 1. The inter-chip Vth variations and oVth (the
dimensions of each cell transistor, and Pelgrom
coefficients) are described in this table. The dimensions
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Fig. 3. Correlation between cell-transistor. Vth and cVth.

Table 1. Inter-chip Vth variations, cell-transistor. dimensions
and Pelgrom coefticients for stability simulation

Inter-chip Vth Variations [mV] Randg:r—;/r:ll’;:(/;:ation

s e TSP | ossi | et | £,

(SNM worst) worst) [mVum]

(ND“::;’)Z) 300 142 417 12.7 40
HVth (’mgsss) 300 161 406 11.3 4.0
(PL,;Z"S) -300 -451 75 1956 2.0
(ND“:Z)‘ES) 150 31 229 12.7 35
LVth (mgs;) 150 35 226 1.3 3.5
(;;gds) - 150 - 265 30 196 18

TeJmu;:mre 27°C 125°C -40°C

of the proposed LVth cell transistors are the same as
those of the conventional HVth with 45 nm CMOS
technology. For SNM and WRTM simulations, the inter-
chip Vth variations are assumed as the worst corners for
the SNM and WRTM, that is, PMOS slow and NMOS
fast at 125 degree C for SNM and PMOS fast and NMOS
slow at -40 degree C for WRTM, respectively. The
random Vth variation is also considered by the
convolution of the inter-chip Vth variations with its
Gaussian distribution of the random Vth variation (cVt)
for both of the SNM and WRTM simulation. The
simulation tool, the model and model parameter are
HSPICE, BISM model version 4.4, and a 45 nm CMOS
technology, respectively. The distributions of SNM and
WRTM are obtained by using the Monte Carlo simulation.
Using the parameters in Table 1, the Vth sets of the
combination of six LVth cell transistors, which lead to
the worst SNM and WRTM at 6-c point, are obtained by
using which is generated by Monte Carlo simulation as
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shown in Figs. 4(a) and (b), respectively. The operating
margins of SRAM cell, SNM and WRTM, depend on the
combinations of Vth of the six transistors (Vth-vector).
Each Vth position for NMOS pair transistors for drive
and access and PMOS one for load transistors are
marked by “Right” and “Left”. Each Vth is given by the
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Fig. 4. Vth sets of six cell transistors at 66 random Vth
variation under worst condition (a) for SNM simulation
(NMOS fast, PMOS slow, 125°C). and (b) for WRTM
simulation (NMOS slow, PMOS fast, -40 C).

both of inter-chip and the worst random Vth set of 60
variation. It can be seen that the random-Vth variation
for each cell transistor Vth is within 40 range even
assuming that the Vth set for six transistors is generated
by the random combination within 66 range which
corresponds to the 500-Mbit memory capacity.

The asymmetry of butterfly curve is compared in Fig.
5 using the parameters in Table 1. The butterfly curves of
HVth cell (Vth=300 mV) and LVth cell (Vth=150 mV)
at z-score=0 and 4 are compared. It can be seen that the
asymmetry of the butterfly-curve for LVth cell is
alleviated compared with HVth cell at z-score of 4c. This
trend means that bit cell failure probability at a larger z-
score can be reduced with this proposed LVth transistor
because it suppresses the deviation of the cell-margin
from the mean value at the larger z-score.

To make clear the dependency of cell stability on z-
score, the data retention SNM (WL is inactivated) is
compared between each cells, Vth=300 mV and the
proposed LVth=150 mV at Vdd=0.5 V and 125 degree C,
in Fig. 6. Since the mean value p of SNM (SNM at z-
score=0) of the conventional HVth cell is higher than
that of the proposed LVth cell, the conventional HVth
cell is suitable for a smaller memory size, that is, for a
lower z-score. However, the failure probability for the
proposed LVth cell becomes smaller than that for HVth
over 3-0 random Vth variation, because o value of
proposed one is smaller than that for the conventional
one. The failure probability of the proposed LVth cell is
lower than that for HVth cell over the memory size from
36 (0.35Kbit) to 706 (390Gbit) as shown in Fig. 6.
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Fig. 5. Comparison of butter-fly curve under Oc and 4c
random-Vth variation (VDD=0.5 V, 125°C, PMOS slow, NMOS
fast). SNM decreases as asymmetry in cell characteristics
increases at larger Z-score of cVth.
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Fig. 6. Comparisons of dependency of retention SNM on z-
score between the conventional and proposed one.

II1. DISTURB-FREE BIASING SCHEME

1. Various Trade-off Relationships between Cell
Operating Margins

Various useful assist techniques to increase the
operating margins have been reported so far. However
they work effectively only within the limited conditions
[5-15]. The WL level is suppressed by a dual-Vdd supply
[5-7] or an internal voltage generator [8-10] to assist the
SNM at a half-selected cell (Cell B in Fig. 7(a)) in a read
and write operation, whereas it results in the decrease in
WRTM because the suppressed WL degrades the
drivability of the access transistor of the written cell. As
for the technique for the write assist, the column-based
dynamic cell Vdd (VDDM) [11, 12] or VSSM [13] level
control assists the WRTM, whereas it reduces the data-
retention SNM in the write-selected column (Cell C in
Fig. 7(b)) due to reducing the retention bias voltage.
Negatively BL overdriving scheme for the write assist
[14] can increase WRTM, whereas its excessively
negative BL causes to flip the cell data in the write-
selected column. Despite the trade-off relationship
between those margins as shown in Table 2, the
conventional SRAM design requires the best possible
balance to satisfy them all simultaneously. Even if the
best possible balance between the read and write cell-
margins could be achieved to optimize the operating
window, the opening eye is closing quickly caused by

the increases in device variation and the memory size.
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Fig. 7. Margin trade-off relationships of conventional stability
assist techniques. (a) Read assist technique [6-11]: WRTM at
selected cell (cell A) vs. SNM at half-selected (WL-disturbed)
cell (cell B). (b) Write assist technique [3, 4]: WRTM at
write-selected cell (cell A) vs. half-selected (VDDM-disturbed)
cell (cell C).

Table 2. Trade-off relationship between cell margins with
conventional techniques

Trade-off relationship between cell margins

SNM SNM
WRTM (WL disturbed) | (VDDM disturbed)
Suppressed WL ’
for read assist [6-11] (L5 oK
Suppressed VDDM .
for write assist [3,4] ol - Conflict

Proposed

biasing scheme No conflict

The SNM for the half-selected cell can be improved by
suppressing the WL level. However it has only come at
the expense of decreasing of the cell current and WRTM
[12].

2. Elevated Cell Biasing

A new elevated cell biasing scheme, which alleviates
the trade-off relationship of cell margins between a
selected cell and a half-selected cell, has been proposed
to reduce the failure probability at a larger z-score and
suppress the operating voltage (Table 3 and Figs. 8 and 9).
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Table 3. Comparisons between proposed biasing and
conventional one at unselected cell

123

“negatively BL overdriving” for written column allow to
avoid the conventional read and write margin trade-off
accesses, resulting in significantly alleviating the
decreases of the stabilities for the WL-disturbed cells in
the row direction at read and write operation (cell B in
Fig. 7(a)) and VDDM-disturbed cells in the column
direction at write operation (cell C in Fig. 7(b)).

This elevated biasing allows increasing data retention
SNM as described in Section II. The inactivated-WL
level is logic Vss (0 V) below VSSM level (0.7 V) to
reduce the BL-leakage current (Table 3). The activated-
WL level is generated from the peripheral-logic Vdd.

BL is pre-charged to Vdd level (0.7 V) that is different
from the conventional VDDM level (1.2 V) to reduce the
peripheral logic bias (Table 3) and it is driven from VSSM
(0.7 V) to Vss (0 V) at a write access (Fig. 9), and does not
pull-down the VDDM level (1.2 V) as conventional
biasing does [11, 12]. VSSM is routed in each column
[13] and is driven from VSSM to Vss at a read access (Fig.
8). The activated WL level is VSSM (=0.7 V) same as cell
“L” level which is different from the conventional one [6-
11] as shown in Figs. 8 and 9.

The cell-array biasing levels for a write and a read
operation are shown in Figs. 10 and 11, respectively. The
cells A, B, C and D in each figure are a selected cell, a
half-selected cell by WL, a half-selected cell by BL and
an unselected cell, respectively.

Conventional Proposed
Unselected Cell Unselected Cell
Cell VDDM 1.2V 1.2V
Bias VSSM ov 0.7V
Peripheral Vdd 1.2V 0.7v
Logic Bias Vss oV o
Word Line Vss (0V) Vss (0V)
Bit Line Vdd (1.2V) Vdd (0.7V)
Read Operation
1.5V
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...... ‘
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1.0V | - ; E
i i
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05V | i & _
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Bs | yss v W W[ o
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Logic Bias Viss o o
Word Line 1.2V-a I 1.2V-a VSSM (0.7V) I VSSM (0.7V)
Bit Line Vdd (1.2V) Vdd (0.7V)
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Fig. 8. (a) Comparisons between proposed biasing and
conventional one at read operation. (b) Cell biases at selected

cell and half-selected cell.

The key concept of the proposed elevated cell biasing
is that the potential of storage nodes for “H” and “L” are
elevated by 0.7 V while keeping the potential difference
of 0.5 V, resulting in the shifts of VDDM and VSSM
from 0.5 Vto 1.2 V for “H” and 0 V to 0.7 V for “L”,
respectively. Such potential shifts of the storage nodes
allows the conventional voltage swings for WL (0 to 0.7
V) and BL (0.7 V to 0 V) accesses to play the roles of
“suppressed WL” and “negatively overdriving BL”
compared with the level of the potential of storage node
for “L”.

These pseudo accesses with “suppressed WL” and

Write Operation
1.5V
Vdd (logic) VDDM
i ‘: 4 4
1.0v | VDDM L= = Cell -
I [ Vdd=VSSM b"as
ojwe | Logic T ¥
0sv | BL: | cell Pias o
e bias BLY . Logic
HH : " bias
ov |Vss=vssm i I Vss i H
Conventional biasing [3] (a) Proposed biasing
Conventional Proposed
Selected Cell Half-Selected Selected Cell Half-Selected
Cell Cell
(Column (Column
direction) direction)
Cell VDDM 1.2V-B 1.2V-B 1.2V 1.2V
Bias VSSM oV 0.7V
Peripheral Vdd 1.2V 0.7v
Logic Bias Vss oV oV
Word Line 12v-a | 12v-a vssM (0.7V) | ov
Bit Line 0V/Vdd (1.2V) 0V/ Vdd (0.7V)
(b)

Fig. 9. (a) Comparisons between proposed biasing and
conventional one at write operation. (b) Cell biases at selected
cell and half-selected cell.
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Fig. 10. Cell array biasing at read operation.

A read operation is executed by discharging the drive-
transistor source of the selected-column from VSSM to
Vss (Fig. 10). The retention SNM at Cell-C increases,
and WL does not disturb the half-selected cell (Cell-B)
as well as the write operation. As described above, the
proposed elevated cell biasing cancels the trade-off
relationships between WRTM, the retention SNM and
the WL-disturbed SNM.

As shown in Fig. 11, discharging the selected BL
during a write operation will not cause the reduction in
the retention SNM at an half-selected cell in a write
accessed column (Cell-C) as the conventional VDDM
control [11, 12] does. This proposed write biasing does
not cause a reliability problem due to the excessively
applied bias to the cell transistor as the conventional
negatively biased BL [14] does, because the BL level
swings within the Vdd bias for peripheral logic. Thus,
this biasing cancels the trade-off relationships between
WRTM (at Cell-A) and the disturbed SNM (at Cell-B),
and WRTM (at Cell-A) and the retention SNM (at Cell-
C) in the conventional write assist scheme.

The sub-threshold leakage of the flip-flop in a memory
cell is suppressed by the reduced cell bias (0.5 V),
whereas the Vth is reduced. And the leakage from BL
(0.7 V) into the cell is also reduced due to the relatively
negative gate to source potential difference (-0.7 V) of
the cell access transistor.

The operating current is reduced by lowering the Vdd
level (0.7 V) of peripheral logic and BL pre-charge.
Moreover the activated WL at VSSM level (0.7 V) does
not cause undesirable BL discharge by the half-selected
cells.
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Fig. 11. Cell array biasing at write operation.
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Fig. 12. Block diagram of bias supply to peripheral logic and
SRAM cell array.

The block diagram of the proposed bias-supplies are
shown in Fig. 12. VDDM and Vdd are supplied to the
memory cell array and peripheral logic, respectively.
VSSM for memory cell array is generated from Vdd of
peripheral logic. The routing for VDDM is the same as
for the conventional dual-Vdd [5-10]. It is not necessary
to change the layout for Vdd and Vss supplies in the
peripheral logic. The driver circuits for WL and BL are
the same as those for conventional one. This simple
biasing scheme without any intermediate or negative
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levels does not require any additional level-shifter that
causes a significant area penalty for an embedded SRAM
module. VSSM is separated column by column in the
memory cell array [13], and is driven by each VSSM
driver in the peripheral-logic under Vdd supply (Fig. 12).
VSSM driver does not cause an area penalty because the
column VDDM driver for the conventional biasing [11,
12] can be replaced with this driver.

IV. EVALUATION RESULTS

The simulated SNM and WRTM with a 45-nm CMOS
technology are demonstrated in Figs. 13-16. The SNM
(Figs. 14-16) of the proposed bias scheme and the
conventional one were compared under the bias condition
characterized by maintaining the same WRTM at 6c
point between the proposed scheme and conventional
one (shown in Fig. 13). Activated WL level is 1.0 V at
Vdd=1.2 V for the conventional bias and 0.7 V at
VDDM=1.2 V for the proposed one, respectively, as
shown in Fig. 13.

The parameters related variations for SNM simulation
in Figs. 14-16 are shown in Table 4. The inter-chip Vth
variation is PMOS slow and NMOS fast at 125 degree C
as the worst condition for SNM (same as the condition
for SNM simulation in Table 1).

Conv.
Vth=0.30V
WL=1.0V

Cross point b/w
s’ proposed one &

WRTM [a.u.]

21
Ped conv. one
1 Proposed
~ Vth=0.15V
WL=0.7V *
0 g 'l 2 'l ' o 0d '
0 2 4 6 8
Z-Score
Conventional | Proposed Effect of proposed biasing for stability
VDDM 1.0V 1.2V Improve SNM at half-selected cell
Cell Bias (Column direction)
VSSM ov 0.7v -
Peripheral Vdd 1.2V 0.7v -
Logic Bias Vss oV oV -
Word Line 1.0V 0.7v -
. ov/1.2v ov/0.7v Write without disturb half-selected cell
Bit Line
(Column direction)
Inter-chip Vth Variation Write worst condition in Table 1
Junction Temperature -40°C

Fig. 13. Comparisons of dependency of Minimum WRTM on
z-score and related bias conditions between the conventional
and proposed one.

Table 4. Parameters for SMM simulation in Figs. 14-16. Inter-
chip Vth variations, cell-transistor dimensions and Pelgrom
coefficients

Inter-chip Vth .
Variation [mV] Random-Vth Variation Parameters
PMOS Slow Pelgrom Coefficient [mVum]
NMOS Fast 1/SQRT(L*W)
Tj=125°C [um-1] Typical Best Worst
(SNM worst) Case i) Case ii) Case iii)
Drive (NMOS) 31 127 35 32 38
LVth | Access (NMOS) 35 1.3 35 32 38
Load (PMOS) - 265 19.6 1.8 1.7 1.9
Drive (NMOS) 142 127 4.0 — —
HVth | Access (NMOS) 161 1.3 4.0 — —
Load (PMOS) - 451 19.6 2.0 — —
Design Target Z-score > 50

To make clear the effectiveness of the proposed
biasing, SNM for LVth cell is simulated under three
conditions with different Pelgrom coefficient as follows;

i) The typical case that the percentage changes in cVth
reduction between HVth and LVth are 9% and 13 % for
PMOS and NMOS, respectively (typical case in Table 4,
and solid lines in Figs. 14-16).

ii) An assumed best case that the percentage changes
in oVth are 15% and 20% (best case in Table 4, and one-
dotted and dashed lines in Figs. 14-16).

iii) An assumed worst case that the percentage
changes in oVth are 5% and 7 % (worst case in Table 4,
and two-dotted and dashed lines in Figs. 14-16).

Conventional one

4 1e-1 = WL-disturb.SNM VDDM=1.2V
? Xé(x Sall .'0
3 Selected Half- | = X o ¥y
— Cell S ;: i d '; % ; g
-] el *
o : E 1e-58° & Xe
—2 Ny 2 Proposed o 4 e
= V(sameas 0.5V 8 * Proposed. Xe
z Lo 7 P 3 * | Ret-SNM X
.2V rea =
1 Lith 1.0V WL- o *—| VDDM-VSSM=0.5V
. ; . .
disturbance) ‘
0 ; Y ] 1e-10, 0 3 6
Z-Score SNM [a.u.]
(a) (b)
Conv. Proposed | Effect of proposed biasing for stability
VDDM 1.2V 1.2v -
Cell Bias Proposed VSSM whose level is same
VSsM o oV as WL eliminates WL-disturbance
Peripheral Vdd 1.2v 0.7V -
Logic Bias Vss oV oV —
Word Line (WL) 1.0V oV Eliminate disturbance to half-select cell
’ ’ (Row direction)
Bit Line (BL) 1.2v 0.7v Eliminate noise from BL into cell

Fig. 14. (a) Comparisons of SNM dependency on z-score at a
half-selected (WL-disturbed) cell in an unselected column and
related bias conditions and effects between the conventional
and proposed one, (b) comparison of SNM distributions
between conventional biasing and proposed one.
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SNMs for the three cells, which are WL and VDDM
disturbed cells in row and column directions and read
selected cell (Figs. 10 and 11) were simulated under
above three conditions. And the results of the simulation
verified that the stability of the proposed biasing with
LVth cell met our design target (Fig. 1(b)) as follows.

1. SNM at WL-disturbed half-selected cell in unselected

column

At first, Fig. 14 shows SNM for the conventional cells
that is degraded by the WL-disturbed accesses for both
write and read operations. On the other hand, as shown
in Figs. 10 and 11, the proposed elevated cell allows WL
disturbed-free cell accesses. This is because the potential
level for WL-on (=0.7 V) is same as those for “L” nodes
of the unselected cells (=VSSM), making the access
transistors for unselected cells hard to turn on. As a result,
the SNM for proposed one is almost same as the
retention SNM. This leads to elimination of the
conventional trade-off between SNM and WRTM due to
the WL-disturbed half-selected accesses.

That is the reason why the SNM for proposed biasing
(VDDM(1.2 V)-VSSM(0.7 V)=0.5 V, WL=0.7 V) is
larger than that for conventional biasing (VDDM=1.2 V,
WL=1.0 V). As can be seen from the distribution of SNM
in Fig. 14(b), sigma value (cSNM) for the proposed one
is smaller than that for WL-disturbed SNM. This is
because the Vth mismatch between access and drive
transistors gives a strong impact on distribution of WL-
disturbed SNM but it does not give an impact on the
proposed one at all due to WL-cut-off (WL=0.7 V and
VSSM=0.7 V, i.e., Vgs for access transistor is 0 V).

As a result, the proposed biasing scheme maintains
sufficient stability (bit-failure tolerance) up to 6c.

It should be noted that even if the amounts of cVth
reduction fluctuates as much as the cases of ii) and iii),
the SNM of the proposed biasing is maintained
sufficiently high compared with the conventional one.
Even under the worst condition of case iii), SNM is
higher than that of the conventional one.

2. Retention SNM at half-selected cell in written column

The retention SNM at the unselected cell in the write
selected column is compared with the conventional

VDDM control for write assist [3, 4], at Vdd=1.2 V and
125 degree C, in Fig. 15. The conventional write assist
technique reduces VDDM level from Vdd (1.2 V) to 1.0
V (Fig. 15(b)) that results in the reduction in the data-
retention SNM at the unselected cell in the same column
as shown in Fig. 7(b). The proposed biasing does not
disturb the data retention at an unselected cell because
the write operation is executed by lowering the BL level
from VSSM (0.7 V) to Vss (0 V), and does not reduce
the VDDM level. The SNM for the proposed biasing is
the same as the 0.5 V retention SNM discussed in Fig. 14.
The retention SNM for proposed biasing keeps higher up
to 66 with the lower cell/logic bias of 0.5 V/0.7 V than
that of the conventional one at 1.2 V.

6 Proposed Ret SNM Conventional Ret-
VDDM-V .5V SNM VDDM=1.0V
Lo Half-selected
3 Cell -D_ 1e-1
© — N S,
-4 Selected 3 M
= Cell HwH S, X .
z - 2 n
2 Conventional Z 1e5 R .‘; -
o 1.0V retention SNM % x m -y, e
T2 2 x - % u
g i ° " x m
Q A TR o [ ]
© Proposed o~ x n
< X
0 0.5V retention SNM x u
1e-10
0 2 4 6 0 2 4 6
Z-Score SNM [a.u.]
(a) (b)
Conv. Proposed Effect of proposed biasing for stability
Cell Bias | VDDM 1.0v 1.2v Improve SNM at half-selected cell
(Column direction)
VSSM ov 0.7V -
Peripheral Vdd 1.2V 0.7v -
Logic Bias Vss ov ov —
Word Line (WL) 1.0V 0.7V -
Bit Line (BL) ov/1.2v | ov/0.7V Eliminate disturbance to half-select cell
(Column direction)

Fig. 15. (a) Comparisons of retention SNM dependency on z-
score at an unselected cell in a write-accessed column and
related bias conditions and effects between the conventional
and proposed one, (b) comparison of retention SNM
distributions between conventional biasing and proposed one.

3. SNM for read cell

Compared with previously proposed suppressed WL
technique [5-11], the proposed biasing scheme maintains
a larger SNM at the read cell and covered the higher z-
score range over 6.5c, which is much higher than 4c of
conventional scheme as shown in Fig. 16. This is
because the elevated cell biasing allows much larger
potential difference (=0.5 V for WL-on=0.7 V and
“H”=1.2 V) between WL-on (forced to access transistor)
and storage node of “H” (forced to drive transistor),
compared with that for the conventional one (=0.2 V for
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Word Line (WL) 1.0V 0.7V Suppress noise from BL to cell
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Fig. 16. (a) Comparisons of WL-disturbed SNM dependency
on z-score at read selected cell and related bias conditions and
effects between the conventional and proposed one, (b)
comparison of WL-disturbed SNM distributions between
conventional and proposed one.

WL-on=1.0 V and “H”=1.2 V). The read operation was
executed by the column-based VSSM level control down
to Vss (0 V) level.

V. CONCLUSIONS

The LVth SRAM cell design combined with the
elevated cell biasing reduces the variation of the cell
stability margins and alleviates the stability-degradation
caused by the WL and VDDM line disturbed accesses,
resulting in allowing a larger stability margins to be
maintained at a higher z-score range over 36 random-Vth
variation.

The obtained simulated results with a 45-nm CMOS
technology demonstrate that the proposed elevated
biasing schemes achieve the significantly larger stability
margins over 66 random-Vth variation, compared with
the conventional biasing by canceling the cell-margin
trade-off relationship between SNM and WRTM.

These proposed techniques allow the operating voltage
for system LSIs and the bit failure probability to be
lowered at the larger high z-score region, compared with
High-Vth SRAMs .

ACKNOWLEDGMENTS

This work is partially supported by Computer Science
Laboratory in Fukuoka Institute of Technology. The
author thanks Mrs. T.Suzuki, K.Satomi, and H.Akamatsu
of Panasonic Semiconductor Company for providing the

various data for evaluation and valuable discussions.

REFERENCES

[1] T. Suzuki, H. Yamauchi, Katsuji Satomi, and
Hironori Akamatsu, “A Stable SRAM Mitigating
Cell-Margin Asymmetricity with A Disturb-Free
Bising Scheme,” IEEE Custom Integrated Circuits
Conference, pp.35-38, Sep. 2007.

[2] Y. Komatsu, K. Ishibashi, M. Yamamoto, T.
Tsukada, K. Shimazaki, M. Fukazawa, and M.
Nagata, “Substrate-Noise and random-Variations
Reduction with Self-Adjusted Forward Body Bias,”
IEEE Custom Integrated Circuits Conference,
pp.35-38, Sep. 2005

[3] G. Tsutui, K. Tsunoda, N. Kariya, Y. Akiyama, T.
Abe, S. Maruyama, T. Fukase, M. Suzuki, Y.
Yamagata, and K. Imai, “Reduction of Vth
variation by work function optimization for 45-nm
node SRAM cell,” Symp.VLSI Technology., Digest
of Technical Papers, pp.158-159, June 2008.

[4] R. Tsuchiya, N.Sugii, Takashi Ishigaki, Y. Morita,
H. Yoshimoto, K. Torii and Shin’ichiro Kimura,
“Low Voltage (Vdd-0.6V) SRAM Operation Achived
by Reduced Threshold Voltage Variability in SOTB
(Silicon on Thin BOX),” Symp.VLSI Technology.,
Digest of Technical Papers, pp.150-151, June 2009.

[5] K. Zhang, U. Bhattacharya, Z. Chen, F. Hamzaoglu,
D. Murray, N. Vallepalli, Y. Wang, B. Zheng, and
M. Bohr, “A 3-GHz 70Mb SRAM in 65nm CMOS
Technology with Integrated Column-Based Dynamic
Power Supply,” IEEE International Solid-State
Circuits Conference, Digest of Technical Papers,
pp-474-475, February 2005

[6] M. Yamaoka, N. Maeda, Y. Shinozaki, Y. Shimazaki,
K. Nii, S. Shimada, K. Yanagisawa, and T.
Kawahara, “Low-Power Embedded SRAM Modules
with Expanded Margins for Writing,” [EEE

Solid-State  Circuits

International Conference,



128

[9]

[10]

[11]

[12]

[13]

HIROYUKI YAMAUCHI etal : A LOW VTH SRAM REDUCING MISMATCH OF CELL-STABILITY WITH AN ELEVATED...

Digest of Technical Papers, pp. 480-481, February
2005.

T. Suzuki, H. Yamauchi, Y. Yamagami, K. Satomi
and Hironori Akamatsu, “A  Stable 2-Port SRAM
Cell Design Against Simultaneously Read/Write
Disturbed Accesses,” IEEE Journal of Solid-State
Cirsuits, vol. 43, No. 9, pp.2109-2119, Sep. 2008.

J. Pile, C. Adams, T. Christensen, S. Cottier, S.
Ehrenreich, F. Kono, D. Nelson, O. takahashi, S.
Tokito, O. Torreiter, O. wagner and D. Wendel,
“Implementation of the CELL Broadband Engine
isn a 65nm SOI Technology Featuring Dual Supply
SRAM Arrays Supporting 6GHz at 1.3V,” IEEE
International Solid-State Circuits Conference, Digest
of Technical Paper, pp.322-323, February 2007.

R. Joshi, R. Houle, K. Batson, D. Rodko, P. Petel,
W. Houtt, R. Franch, Y. Chan, D. Plass, S. Wilson
and P. Wang, “6.6+ GHz Low Vmin, read and half
select disturb-free 1.2 Mb SRAM,” Digest of
Technical Papers, pp.250-251, June 2007.
Y.H.Chen, WM. Chan, S.Y. chou, H.J. Liao, H.Y.
Pan, J.J. Wu, C.H. Lee, S.M. Yang, Y.C. Liu and H.
Yamauchi, “A 0.6V 45nm Adaptive Dual-Rail
SRAM Compiler Circuit Design for Lower
VDD _min VLSIs,” Symp.VLSI Circuits., Digest of
Technical Papers, pp.210-211, June 2008.

S. Ohbayashi, M. Yabuuchi, K. Nii, Y. Tsukamoto,
S. Imaoka, Y. Oda, M. Igarashi, M. Takeguchi, H.
Kawashima, H. Makino, Y. Ymaguchi, K. Tsukamoto,
M. Inuishi, K. Ishibashi and H. shinohara, “A 65
nm SoC Embedded 6T-SRAM Design for
Cell
Stabilizing Circuits,” Symp.VLSI Circuits., Digest
of Technical Papers, pp.20-21, June 2006.

M. Yabuuchi, K. Nii, Y. Tsukamoto, S. Ohbayashi
S. Imaoka, H. Makino, Y. Yamagami, S. Ishikura, T.
Terano, T. Oashi, K. Hashimoto, A. Sebe, G. Okazaki,
K. Satomi, H. Akamatsu and H. Shinohara, “A
45nm Low-Standby-Power Embedded SRAM with
Improved Immunity Against Process and Temperature
Variations,” IEEE International Solid-State Circuits
Conference, Digest of Technical Papers, pp.326-
327, February 2007.

O. Hirabayashi, A. Kawasumi, Y. Takeyama, K.
Kushida, T. Sasaki, A. Katayama, G. Fukano, Y.
Fujimura, T. Nakazato, Y. Shizuki, N. Kushiyama,
and Y. Yabe, “A Process-Variation-Tolerant Dual-

Manufacturaing with Read and Write

Power-Supply SRAM with 0.179um?* Cell in 40nm
CMOS Using Level-Programmable Wordline Driver,”
IEEE International Solid-State Circuits Conference,
Digest of Technical Papers, pp.458-459, February
2009

K. Nii, M. Yabuuchi, Y. Tsukamoto, S. Ohbayashi,
Y. Oda, K.Usui, T. Kawamura, N. Tsuboi, T.
K. Hashimoto, H. Makino and H.
Shinohara, “A 45-nm Single-port and Dual-port
SRAM family with Robust Read/Write Stabilizing
Circuitry under DVFS Environment,” Symp.VLSI

[14]

Iwasaki,

Circuits., Digest of Technical Papers, pp.212-213,
June 2008

K. Nii, Y. Masuda, M. Yabuuchi, Y. Tshikamoto, S.
Ohbayashi, S. Imaoka, M. Igarashi, K. Tomita, N.
Tsuboi, H. Makino, K. Ishibashi and H. Shinohara,
“A 65 nm Ultra-High-Density Dual-port SRAM
with 0.7lum2 8T-cell for SoC,” Symp.VLSI

Circuits., Digest of Technical Papers, pp.130-131,
June 2006.

Hiroyuki Yamauchi (M’95) received
the Ph.D. degree in engineering from
Kyushu University, Fukuoka, Japan,
in 1997.
was on “Low Power Technologies

His doctoral dissertation

~ (W for Battery Operated Semiconductor
Random Access Memories”. In 1985 he joined the
Semiconductor Research Center, Panasonic, Osaka,
Japan. From 1985 to 1987 he had worked on the research
of the submicron MOSFET model-parameter extraction
for the circuit simulation and the research of the
sensitivity of the scaled sense amplifier for ultrahigh-
density DRAM's which was presented at the 1989
Symposium on VLSI Circuits. From 1988 to 1994, he
was engaged in research and development of 16-Mb
CMOS DRAM's including the battery-operated high-
speed 16 Mbit CMOS DRAM and the ultra low-power,
three times longer, self-refresh DRAM which was
presented at the 1993 and 1995 ISSCC, respectively. He
also presented the charge-recycling bus architecture and
low-voltage operated high-speed VLSI's, including
0.5V/100MHz-operated SRAM and Gate-Over-Driving
CMOS architecture, which were presented at the
Symposium on VLSI Circuits in 1994 and 1996,



JOURNAL OF SEMICONDUCTOR TECHNOLOGY AND SCIENCE, VOL.10, NO.2, JUNE, 2010

respectively, as well as the 1997 ISSCC. After
experienced general manager for development of various
embedded memories, eSRAM, eDRAM, eFlash, and
eFeRAM for system LSI in Panasonic, he has moved to
Fukuoka Institute of Technology and become a professor
since 2005. His current interests are focused on study for
memory circuit designs for nano-meter era. He holds 87
U.S. Patents and has presented over 40 papers at
proceedings and international conferences. He received
the 1996 Remarkable Invention Award from Science and
Technology Agency of Japanese government and the
ISOCC2008 Best Paper Award. He served a program
committee of IEEE Symposium on VLSI Circuits from
1998 through 2000 and has come back since 2008. Also
he had been serving a program committee of ISSCC
from 2002 through 2009, and has been serving for
ASSCC since 2008.

129




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /!BM-dolhdip1
    /!BM-gaulr
    /!BM-joyakr
    /AbadiMT-CondensedLight
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /Acidic
    /ActionIs,ShadedJL
    /ActionIsJL
    /AF_Najed-NormalTraditional
    /AGA-AbasanOutline
    /AGA-Arabesque
    /AGA-ArabesqueDesktop
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AharoniBold
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AkhbarMT
    /AkhbarMT-Bold
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Algerian
    /AmazonRegularSWFTE
    /AmericanGaramondBT-Roman
    /AmiR-HM
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /ArborWin
    /ArialBackslanted
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /Astro2KT
    /AstronCTT
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /AvQest
    /BaskOldFace
    /Batang
    /BatangChe
    /BatangOldHangulJamo
    /Bauhaus93
    /BeeskneesC
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardCTT
    /BetinaScriptCTT-Bold
    /BetinaScriptCTT-Regular
    /BetinaScriptXC
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchCTT
    /BirchStd
    /BirdB
    /BirdL
    /BirdM
    /BlackadderITC-Regular
    /BlackChancery
    /BlackoakStd
    /BM-dolchulip1
    /BM-gaulr
    /BM-joyakr
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /Brush445BT-Regular
    /BrushScript
    /BrushScriptBT-Regular
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CarrBalloons
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharisSIL
    /CharisSIL-Bold
    /CharisSIL-BoldItalic
    /CharisSIL-Italic
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ChungB
    /ChungCB
    /ChungL
    /ChungM
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Condensed-Bold
    /Clarendon-Light
    /CliperSKana
    /CMjoB
    /CMjoL
    /CMjoM
    /Cmsy10
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Consolekana
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CorridaCTT
    /Countdown
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CrashC
    /CrashCTT-Regular
    /Crayon
    /CricketInlineShadow
    /CrounB
    /CrounM
    /Crystal
    /CseriB
    /CstreB
    /CstreL
    /CstreM
    /CstreUL
    /CurlzMT
    /DanzinRegular
    /David-Bold
    /David-Reg
    /DavidTransparent
    /DecorCTT
    /DFKMincho-Bd-WIN-KSC-H
    /Dialtone
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dinbla
    /Dinbol
    /DinerRegular
    /DingDongBold
    /Dinlig
    /Dinmed
    /Dinreg
    /Dotum
    /DotumChe
    /DTnaskh0
    /DTnaskh1
    /DTnaskh2
    /DTnaskh3
    /DTthuluth0
    /DynarOutline-Bold
    /DynarShadow-Bold
    /EccentricStd
    /EdgeLine
    /EdgeLine-DemiBold
    /EdgeLineOutline
    /EdgeLineShadow
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /EpsilonCTT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /ExpoL-HM
    /ExpoM-HM
    /FAT_BSML
    /FAT_P001
    /FAT_P002
    /FAT_P003
    /FAT_P004
    /FAT_P005
    /FAT_P006
    /FAT_P007
    /FAT_P008
    /FAT_P009
    /FAT_P010
    /FAT_P011
    /FAT_P012
    /FAT_P013
    /FAT_P014
    /FAT_P015
    /FAT_P016
    /FAT_P017
    /FAT_P018
    /FAT_P019
    /FAT_P020
    /FAT_P021
    /FAT_P022
    /FAT_P023
    /FAT_P024
    /FAT_P025
    /FAT_P026
    /FAT_P027
    /FAT_P028
    /FAT_P029
    /FAT_P030
    /FAT_P031
    /FAT_P032
    /FAT_P033
    /FAT_P034
    /FAT_P035
    /FAT_P036
    /FAT_P037
    /FAT_P038
    /FAT_P039
    /FAT_P040
    /FAT_P041
    /FAT_P042
    /FAT_P043
    /FAT_P044
    /FAT_P045
    /FAT_P046
    /FAT_P047
    /FAT_P048
    /FAT_P049
    /FAT_P293
    /FAT_P294
    /FAT_P295
    /FAT_P296
    /FAT_P297
    /FAT_P298
    /FAT_P299
    /FAT_P300
    /FAT_P301
    /FAT_P302
    /FAT_P303
    /FAT_P304
    /FAT_P305
    /FAT_P306
    /FAT_P307
    /FAT_P308
    /FAT_P309
    /FAT_P310
    /FAT_P311
    /FAT_P312
    /FAT_P440
    /FAT_P441
    /FAT_P442
    /FAT_P443
    /FAT_P444
    /FAT_P445
    /FAT_P531
    /FAT_P532
    /FAT_P533
    /FAT_P534
    /FAT_P545
    /FAT_P546
    /FAT_P547
    /FAT_P548
    /FAT_P551
    /FAT_P552
    /FAT_P553
    /FAT_P554
    /FAT_P562
    /FAT_P563
    /FAT_P564
    /FAT_P582
    /FAT_P583
    /FAT_P584
    /FAT_P587
    /FAT_P588
    /FAT_P589
    /FAT_P590
    /FAT_P591
    /FAT_P592
    /FAT_P593
    /FAT_P594
    /FAT_P595
    /FAT_P596
    /FAT_P597
    /FAT_P598
    /FAT_P599
    /FAT_P600
    /FAT_P601
    /FAT_P602
    /FAT_P603
    /FAT_P604
    /FatFaceCTT
    /FelixTitlingMT
    /FencesPlain
    /FixedMiriamTransparent
    /Fleurons
    /Flora-Bold
    /Flora-BoldEx
    /Flora-BoldHo
    /Flora-BoldWd
    /FloraC
    /Floralies
    /Flora-Normal
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZCCHFW--GB1-0
    /FZCCHJW--GB1-0
    /FZCQFW--GB1-0
    /FZCQJW--GB1-0
    /FZCSFW--GB1-0
    /FZCSJW--GB1-0
    /FZCYFW--GB1-0
    /FZDBSFW--GB1-0
    /FZDBSJW--GB1-0
    /FZDHTJW--GB1-0
    /FZFSFW--GB1-0
    /FZFSJW--GB1-0
    /FZH4FW--GB1-0
    /FZHLFW--GB1-0
    /FZHLJW--GB1-0
    /FZHPFW--GB1-0
    /FZHPJW--GB1-0
    /FZHTFW--GB1-0
    /FZHTJW--GB1-0
    /FZKANGFW--GB1-0
    /FZKTFW--GB1-0
    /FZKTJW--GB1-0
    /FZL2FW--GB1-0
    /FZL2JW--GB1-0
    /FZLBFW--GB1-0
    /FZLBJW--GB1-0
    /FZLSJW--GB1-0
    /FZMHJW--GB1-0
    /FZNBSJW--GB1-0
    /FZNSTFW--GB1-0
    /FZPHFW--GB1-0
    /FZPHTFW--GB1-0
    /FZPHTJW--GB1-0
    /FZPWFW--GB1-0
    /FZPWJW--GB1-0
    /FZS3JW--GB1-0
    /FZSEFW--GB1-0
    /FZSEJW--GB1-0
    /FZSHJW--GB1-0
    /FZSJSFW--GB1-0
    /FZSJSJW--GB1-0
    /FZSSFW--GB1-0
    /FZSSJW--GB1-0
    /FZSTFW--GB1-0
    /FZSYFW--GB1-0
    /FZSYJW--GB1-0
    /FZSY--SURROGATE-0
    /FZSZFW--GB1-0
    /FZXBSFW--GB1-0
    /FZXBSJW--GB1-0
    /FZXDXJW--GB1-0
    /FZXH1FW--GB1-0
    /FZXH1JW--GB1-0
    /FZXKFW--GB1-0
    /FZXLFW--GB1-0
    /FZXQFW--GB1-0
    /FZXQJW--GB1-0
    /FZXSHFW--GB1-0
    /FZXSHJW--GB1-0
    /FZXSSFW--GB1-0
    /FZXXLFW--GB1-0
    /FZY1FW--GB1-0
    /FZY3FW--GB1-0
    /FZY3JW--GB1-0
    /FZY4FW--GB1-0
    /FZYTFW--GB1-0
    /FZYTJW--GB1-0
    /FZYXFW--GB1-0
    /FZZDXFW--GB1-0
    /FZZDXJW--GB1-0
    /FZZHYFW--GB1-0
    /FZZHYJW--GB1-0
    /FZZKFW--GB1-0
    /FZZQFW--GB1-0
    /FZZQJW--GB1-0
    /FZZYFW--GB1-0
    /FZZYJW--GB1-0
    /Gaeul
    /GaramB-HM
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /GaramondNo4CyrTCY-Medi
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /GasiIIB
    /GasiIIL
    /GasiIIM
    /GauFontShirousagi
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Glasten
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GothicRoundB-HM
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Graffiti1C
    /Graffiti1CTT-Regular
    /Graffiti2-C
    /Graffiti2-CTT
    /Graffiti3C
    /Graffiti3CTT-Regular
    /GraphicChe
    /GraphicSansB-HM
    /GraphicSansR-HM
    /GTB
    /GTL
    /GTM
    /Gulim
    /GulimChe
    /GulimOldHangulJamo
    /Gungsuh
    /GungsuhChe
    /H2bdrM
    /H2bsrB
    /H2bulB
    /H2bulL
    /H2bulM
    /H2cysB
    /H2cysL
    /H2cysM
    /H2drrB
    /H2drrM
    /H2gprB
    /H2gprM
    /H2gpsM
    /H2gsrB
    /H2gtrB
    /H2gtrE
    /H2gtrL
    /H2gtrM
    /H2gttB
    /H2hdkB
    /H2hdkM
    /H2hdrB
    /H2hdrM
    /H2hsrM
    /H2mjmM
    /H2mjrB
    /H2mjrE
    /H2mjrL
    /H2mjrM
    /H2mjrU
    /H2mjsB
    /H2mjsM
    /H2mjuM
    /H2mkpB
    /H2mkrB
    /H2mppB
    /H2mppL
    /H2mprB
    /H2mprL
    /H2pirL
    /H2porB
    /H2porL
    /H2porM
    /H2sa1B
    /H2sa1M
    /H2sa2L
    /H2snrB
    /H2snrL
    /H2sorB
    /H2supB
    /H2supE
    /H2supL
    /H2supM
    /H2ta1B
    /H2ta1L
    /H2ta1M
    /H2ta2B
    /H2ta2L
    /H2ta2M
    /H2tbrB
    /H2wulB
    /H2wulE
    /H2wulL
    /H2wulM
    /H2yerB
    /H2yerM
    /H2ysrM
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeadG
    /HeadlineR-HM
    /HeadlineSansR-HM
    /HeadR
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HeroldCTT
    /HeroldCTT-Bold
    /HGMinchoB
    /HGPMinchoB
    /HGSMinchoB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HighWayC
    /HMKBP
    /HMKBS
    /HoboStd
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /HSalB
    /HSalL
    /HSalM
    /HYBada-Bold
    /HYBada-Light
    /HYBada-Medium
    /HYBaram-Bold
    /HYBaram-Light
    /HYBaram-Medium
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYChunjyin-A
    /HYChunjyin-B
    /HYCSWheysang-Bold
    /HYCSWheysang-ExtraBold
    /HYCSWheysang-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYDongNyuk-Bold
    /HYDongNyuk-Light
    /HYDongNyuk-Medium
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Extended
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYInyeon-Bold
    /HYInyeon-Light
    /HYInyeon-Medium
    /HYkanB
    /HYKang-Bold
    /HYKang-Light
    /HYKang-Medium
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYKumgangsan-Bold
    /HYKumgangsan-ExtraBold
    /HYKumgangsan-Light
    /HYKumgangsan-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokPan-Bold
    /HYMokPTrace-Bold
    /HYMokPTrace-ExtraBold
    /HYMokPTrace-Medium
    /HYmprL
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYNamu-Bold
    /HYNamu-Light
    /HYNamu-Medium
    /HYNGoThic-Medium-WIN
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYPop-Bold
    /HYPop-Light
    /HYPop-Medium
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYSam-Bold
    /HYSam-Light
    /HYSam-Medium
    /HYsanB
    /HYSan-Bold
    /HYSan-Light
    /HYSan-Medium
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMyeongJo-Bold
    /HYSMyeongjo-Extended
    /HYsnrL
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFullS-Bold-WIN
    /HYTaJaFullS-ExtraBold-WIN
    /HYTaJaFullS-Light-WIN
    /HYTaJaFullS-Medium-WIN
    /HYTaJa-Medium
    /HYTaJaS-ExtraBold-WIN
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeatGul-Bold
    /HYYoyo-Bold
    /HYYoyo-Light
    /HYYoyo-Medium
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /InformShadowCTT-Regular
    /IPAKiel
    /IPAKiel-Bold
    /IPAsans
    /IrinaCTT
    /IrisB
    /IrisL
    /IrisM
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /JakobCTT-Bold
    /JakobCTT-Regular
    /JakobExtraCTT-Regular
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KangSan
    /KarollaCTT-Regular
    /Kartika
    /Keroppi
    /KirillicaWincyr
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KremlinCTT
    /KristenITC-Regular
    /KunstlerScript
    /KyunKo
    /KyunMyung
    /Latha
    /LatinWide
    /LCDReg
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LidiaC
    /LidiaCTT
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /Love
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /LugaShadow
    /Lydian
    /MagicR-HM
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Marigold
    /MatisseITC-Regular
    /MatterhornCTT
    /MaturaMTScriptCapitals
    /McLeudCTT
    /MDAlong
    /MDArt
    /MDEasop
    /Mdesb
    /MDGaesung
    /MDSol
    /MesquiteStd
    /Mfoxb
    /Mfoxl
    /Mfoxm
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /MJB
    /MJL
    /MJM
    /MMchonL
    /MMchonM
    /Modern-Regular
    /MoeumTR-HM
    /Monaco
    /MonaLisa-Recut
    /MonotypeCorsiva
    /MonotypeKoufi-Bold
    /MonotypeSorts
    /Mpaperb
    /Mpaperl
    /Mpaperm
    /Msam10
    /MS-Gothic
    /MSHei
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Symbol
    /MudirMT
    /Munhem
    /MVBoli
    /MWORLD
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyungjoL-HM
    /MyungjoXB-HM
    /NamuB-HM
    /NamuR-HM
    /Narkisim
    /Nekoyanagi
    /NemoB
    /NemoL
    /NemoM
    /NemoXB
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewGulim
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NewZelek
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NinaCTT
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nuggim
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /OlgaCTT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /OriginalGaramondBT-Roman
    /Oxford
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /ParsekCTT
    /PerfoWave
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Pilgi1
    /PinoB
    /PinoL
    /PinoM
    /Plain
    /PlainScriptCTT
    /Playbill
    /PMingLiU
    /PoligonCTT
    /Pollock2C
    /Pollock2CTT-Regular
    /Pollock3C
    /Pollock3CTT-Regular
    /Pollock4C
    /Pollock4CTT-Regular
    /PoorRichard-Regular
    /PoplarStd
    /PopularScript
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /ProunBCTT
    /ProunCTT
    /PyunjiR-HM
    /QDotum
    /QGulim
    /QGungsuh
    /Raavi
    /RageItalic
    /Ravie
    /Retort
    /RetortOutline
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RodchenkoInlineC
    /RodTransparent
    /RosewoodStd-Regular
    /SaenaegiR-HM
    /SaenaegiXB-HM
    /SAKURAhira
    /San02B
    /San02L
    /San02M
    /San60B
    /San60L
    /San60M
    /San60R
    /San60SB
    /SanBiB
    /SanBiL
    /SanBiM
    /SanBoB
    /SanBoL
    /SanBoM
    /SanBsB
    /SanBsL
    /SanBsU
    /SanCrB
    /SanCrK
    /SanCrL
    /SandArB
    /SandArL
    /SandArM
    /SandArXB
    /SandAtM
    /SandAtXB
    /SandEgB
    /SandJg
    /SandKg
    /SandKm
    /SandMtB
    /SandMtL
    /SandMtM
    /SandSaB
    /SandSaL
    /SandSaM
    /SandSm
    /SandTg
    /SandTm
    /SanEgL
    /SanEgM
    /SanHgB
    /SanHgL
    /SanHgM
    /SanIgM
    /SanKbB
    /SanKbL
    /SanKbM
    /SanKsB
    /SanKsL
    /SanKsM
    /SanMogfilB
    /SanMogfilL
    /SanMogfilM
    /SanMrB
    /SanMrJ
    /SanMrM
    /SanNsB
    /SanNsL
    /SanNsM
    /SanPkB
    /SanPkL
    /SanPkM
    /SanPuB
    /SanPuW
    /SanSrB
    /SanSrL
    /SanSrM
    /SanSwB
    /SanSwL
    /SanSwM
    /SapphIIB
    /SapphIIL
    /SapphIIM
    /ScriptMTBold
    /SegoeMediaCenter-Regular
    /SegoeMediaCenter-Semibold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeGulim
    /Seko
    /SeM
    /SeUtum
    /SgreekMedium
    /Shadow9
    /SHeadG
    /SHeadR
    /ShowcardGothic-Reg
    /Shruti
    /Shusha
    /Shusha02
    /Shusha05
    /SILDoulosIPA
    /SILDoulosIPA93Bold
    /SILDoulosIPA93BoldItalic
    /SILDoulosIPA93Italic
    /SILDoulosIPA93Regular
    /SILManuscriptIPA
    /SILManuscriptIPA93Bold
    /SILManuscriptIPA93BoldItalic
    /SILManuscriptIPA93Italic
    /SILManuscriptIPA93Regular
    /SILSophiaIPA
    /SILSophiaIPA93Bold
    /SILSophiaIPA93BoldItalic
    /SILSophiaIPA93Italic
    /SILSophiaIPA93Regular
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabicBackslantedBoldItalic
    /SimSun
    /SimSun-PUA
    /SinBatangChe
    /SinGraphic
    /SinMun
    /SnapITC-Regular
    /SohaR-HM
    /Sol
    /SolB
    /SolL
    /SolM
    /SomaB
    /SomaL
    /SomaM
    /SPgoJ1-KSCpc-EUC-H
    /SPgoJ-KSCpc-EUC-H
    /SPgoJS-KSCpc-EUC-H
    /SPgoSE-KSCpc-EUC-H
    /SPgoT-KSCpc-EUC-H
    /SPmuJ-KSCpc-EUC-H
    /SPmuS1-KSCpc-EUC-H
    /SPmuS-KSCpc-EUC-H
    /Start
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /Stencil
    /StencilStd
    /StudioScriptC
    /SunM
    /SwiriB-KSCpc-EUC-H
    /SwiriL-KSCpc-EUC-H
    /SwiriM-KSCpc-EUC-H
    /Sylfaen
    /Symbol
    /SymbolMT
    /TaeGP
    /TaeGulim
    /TaeKo
    /TaeM
    /TaeUtum
    /Taffy
    /Tahoma
    /Tahoma-Bold
    /TahomaSmallCap-Bold
    /TatianaCTT
    /TauernCTT
    /TauernCTT-Italic
    /TauernECTT-Italic
    /TauernECTT-Regular
    /TauernEngravedCTT-Italic
    /TauernEngravedCTT-Regular
    /TauernICTT-Italic
    /TauernICTT-Regular
    /TauernInlineCTT-Italic
    /TauernInlineCTT-Regular
    /TavridaAd-Bold
    /Techno28
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldTh
    /TimesIPAnew
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Tiplo
    /TMjoB
    /TMjoL
    /TMjoM
    /ToodamB
    /ToodamL
    /ToodamM
    /TraditionalArabic
    /TraditionalArabicBackslantedBoldItalic
    /Trafaret
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Traktir
    /TraktirCameo
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TrueGritC
    /TSahn-Light-WIN
    /TSahn-Medium-WIN
    /TSTNamr
    /TSTPenC
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypewriteB
    /TypewriteL
    /TypewriteM
    /Univers
    /Univers-BlackExt
    /Univers-Black-Normal
    /Univers-Bold
    /Univers-BoldExt
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /UniversCondensedLight
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /UniversCondensedOblique
    /Univers-Light-Italic
    /Univers-Light-Light
    /Univers-Light-LightTh
    /Univers-Light-Normal
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Uri
    /Utum
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /VnTimeBold
    /Vrinda
    /Webdings
    /Westminster
    /WienInline
    /WindC
    /WindCTT-Regular
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WingsB
    /WingsL
    /WingsM
    /WoorinR-HM
    /WP-CyrillicA
    /WP-GreekCentury
    /WP-MultinationalARoman
    /WriSin
    /XeniaCameoCTT
    /YDIBirdB
    /YDIBirdL
    /YDIBirdM
    /YDIBlueB
    /YDIBlueEB
    /YDIBlueL
    /YDIBlueM
    /YDIChungM
    /YDICMjoL
    /YDICMjoM
    /YDICstreB
    /YDICstreL
    /YDICstreM
    /YDICstreUL
    /YDIFadeB
    /YDIFadeL
    /YDIFadeM
    /YDIGasiIIB
    /YDIGasiIIL
    /YDIGasiIIM
    /YDIGirlB
    /YDIGirlL
    /YDIGirlM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHSalM
    /YDIHsangIIB
    /YDIHsangIIL
    /YDIHsangIIM
    /YDIMokB
    /YDIMokL
    /YDIPinoB
    /YDIPinoL
    /YDIPinoM
    /YDIPu
    /YDISmileB
    /YDISmileL
    /YDISmileM
    /YDISprIIB
    /YDISprIIL
    /YDISprIIM
    /YDISumB
    /YDISumL
    /YDISumM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWriSin
    /YDIYGO310
    /YDIYGO330
    /YDIYGO340
    /YDIYGO350
    /YDIYGO360
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO310
    /YDIYMjO330
    /YDIYMjO340
    /YDIYMjO350
    /YDIYMjO360
    /YDIYSin
    /YetR-HM
    /YGO11
    /YGO115
    /YGO12
    /YGO125
    /YGO13
    /YGO135
    /YGO14
    /YGO145
    /YGO15
    /YGO155
    /YGO16
    /YGO165
    /YGO22-KSCpc-EUC-H
    /YGO23-KSCpc-EUC-H
    /YGO24-KSCpc-EUC-H
    /YGO25-KSCpc-EUC-H
    /YGO31
    /YGO32
    /YGO33
    /YGO34
    /YGO35
    /YGO36
    /YGO520
    /YGO530
    /YGO540
    /YGO550
    /YheadB
    /YheadL
    /YheadM
    /YheadUL
    /YjBACDOOBold
    /YJBELLAMedium
    /YJBLOCKMedium
    /YJBONMOKGAKMedium
    /YjBUTGOTLight
    /YjCHMSOOTBold
    /YjDOOLGIMedium
    /YjDWMMOOGJOMedium
    /YjGABIBold
    /YjGOTGAEMedium
    /YjINITIALPOSITIVEMedium
    /YJINJANGMedium
    /YjMAEHWASemiBold
    /YjNANCHOMedium
    /YjSHANALLMedium
    /YjSOSELSemiBold
    /YjTEUNTEUNBold
    /YjWADAGMedium
    /YMjO11
    /YMjO115
    /YMjO12
    /YMjO125
    /YMjO13
    /YMjO135
    /YMjO14
    /YMjO145
    /YMjO15
    /YMjO155
    /YMjO16
    /YMjO165
    /YMjO22
    /YMjO23
    /YMjO24
    /YMjO31
    /YMjO32
    /YMjO33
    /YMjO34
    /YMjO35
    /YMjO36
    /YMjO42
    /YMjO44
    /YMjO45
    /YMjO520
    /YMjO530
    /YMjO540
    /YMjO550
    /YonseiB
    /YonseiL
    /YoolB-KSCpc-EUC-H
    /YoolL-KSCpc-EUC-H
    /YoolM-KSCpc-EUC-H
    /YSin
    /YtalB-KSCpc-EUC-H
    /YtalL-KSCpc-EUC-H
    /YtalM-KSCpc-EUC-H
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1800
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1800
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


