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Abstract— A single-input, dual-output (SIDO) digital gate
driver (DGD) IC, integrating two 6-bit DGDs, two current
sensors, and a controller, is proposed to equalize the drain
current (Ip) variation of two parallel-connected SiC MOSFETs.
The DC and surge components of Ip of each MOSFET are
equalized by digitally controlling the gate voltage amplitude and
the gate current at turn-on, respectively. In the double pulse test
at 300 V and 40 A using two parallel SiC MOSFETs with
different threshold voltages of 0.5 V, the proposed SIDO DGD
IC reduces the differences in the DC and surge components of
Ip of the two MOSFETS from 2.6 A to 0.13 A by 95 % and from
1.9 A to 032 A by 83 %, respectively. The automatic
equalization of the DC components of Ip of the two MOSFETs
using SIDO DGD IC is also successfully demonstrated.

Keywords— Parallel connected, SiC, DC current, Surge
current, Gate driver

1. INTRODUCTION

In power electronics systems, when large current
exceeding the rated current of a power device is applied, it is
common to connect multiple power devices in parallel. Due to
variations in the characteristics of the power devices, however,
the current concentrates in part of the devices and the heat
generation due to losses is localized, which degrades the
reliability of the power devices. In the conventional method of
parallel connection of power devices, the characteristics of the
power devices are measured in advance, and power devices
with matching characteristics are selected for parallel
connection, which will increase the cost. Therefore, a
technology to automatically equalize the current of power
devices connected in parallel is required. The problem with
the previous papers of current equalization is that they require
a lot of ICs including such as current sensors [1-2], timing
control circuits [1-4], and regulators for gate voltage
amplitude control [5—6], which will also increase the cost.

In this paper, a single-input, dual-output (SIDO) digital
gate driver (DGD) IC, integrating all necessary circuits
including two 6-bit DGDs, two current sensors, and a
controller, is proposed to automatically equalize the drain
current (/p) of two parallel-connected SiC MOSFETs. DGD
that can digitally control the gate waveform is gaining
attention as a technology to reduce both loss and noise during
switching of power devices [7]. The proposed SIDO DGD IC
will enable a high-performance power electronics systems
using SiC MOSFETs at low cost, because SiC MOSFETSs with
large variations can be connected in parallel without prior
testing and selection.

II. PROPOSED DRAIN CURRENT EQUALIZATION USING SIDO
DGDIC

Fig. 1 shows a circuit schematic of the fabricated half-
bridge circuit and SIDO DGD IC. The half-bridge consists of
three SiC MOSFETs (Q: — Qs : SCT3030AL, 650V, 70A)
including the low-side two-parallel Q; and Q. In order to
equalize DC (Ipipc, Ip2pc) and surge (/pisurGe, Ip2,SURGE)
components of Ip of Q; and Q2 (Ipi, Ip2) with variations in
device characteristics by controlling the gate waveforms,
SIDO DGD IC is newly developed. Except for two PCB
Rogowski coils [8], all the necessary circuits including two 6-
bit DGDs, two current sensors, and a controller are fully
integrated into a single chip.

Fig. 2 shows the circuit schematic of the current sensor to
measure /pi,pc and /papc. The current sensor cannot measure
the high-frequency [DI,SURGE and [DZ,SURGE waveforms. Two
current sensors are integrated on SIDO DGD IC. In order to
obtain the current waveform, the output of the PCB Rogowski
coil is integrated.
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Fig. 1. Circuit schematic of fabricated half-bridge circuit and
proposed SIDO DGD IC.
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SIDO DGD IC has 24 bits of control bits. npmosi [5:0] and
nnmosi [5:0] control the gate current (/1) for Qi, while npmos2
[5:0] and nnmos2 [5:0] control the gate current (/g2) for Q.. Fig.
3 shows the circuit schematic of DGD1 for Q; in Fig. 1. Ig
can be varied in 64 levels at turn-on depending on 6-bit digital
signals npmosi [5:0], which is defined as npmosi, where npmosi
is an integer between 0 and 63. The 64-level /g, control from
0 Ato 6 A in 95 mA increments at turn-on of Q, is achieved
by selectively turning on or off six pMOSFETs with binary
weighted gate widths (Wp, 2Wp, 4Wp, 8Wp, 16 Wp, 32Wp) in the
output stage depending on npmosi [5:0]. The same design is
applied to the turn-off of Q; by controlling nxmosi [5:0].

Fig. 4 shows the timing chart of the proposed SIDO DGD
IC. In this paper, the threshold voltage of Q; (V1) is assumed
to be lower than that of Q2 (V1u2). Among the eight parameters
of npmosi, #Nmost, 1pmos2, and nnmos: in the on and off states
of Qi and Qa, nxmos: in the on state is controlled to equalize
Ipipc and Ipypc by digitally controlling the gate voltage
amplitude, and npmos: in the on state is controlled to equalize
Ipisurce and I'mo surce by digitally controlling the gate current
at turn-on. Vice versa, if Vi > Vrm, nnmos2 and npmos) are
controlled.

Fig. 5 shows the conventional gate driving and the
proposed gate driving to equalize Ipi,pc & Ip2,pc and Ipi surGe
& I surce using SIDO DGD IC. In the conventional gate
driving where the gate drive is identical for Q; and Q: in Fig.
5 (a), Io1,pc > Ip2,pc and Ipi, surGk > Ip2,surGe, because of Vru
< V2. In order to equalize /pi,pc and Ipzpc, Fig. 5 (b) shows

the Vgs1 amplitude control by increasing nxmosi from zero. Fig.

6 shows the principle of operation of the proposed DGD-based
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Fig. 4. Timing chart of proposed SIDO DGD IC.
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Vas1 amplitude control. In the conventional gate driving in Fig.

6 (a), Vasi is equal to the supply voltage (Vpp), because nnmosi
in the on state is zero. In contrast, in the proposed Vesi
amplitude control in Fig. 6 (b), Vgs1 amplitude can be digitally
controlled by nxmosi on the principle of a shunt regulator,
where all six pMOSFETSs and some of the six nMOSFETs in
Fig. 3 are turned on. The IC includes a new circuit technology
that solves the large DC power of the shunt regulator. The
details, however, will not be discussed in this paper. Fig. 7
shows the flowchart to control nxmosi and nnmos: to equalize
Ipipc and Ipopc. The flowchart is implemented in the
controller in SIDO DGD IC in Fig. 1. First, when Ipipc is
greater than Ipypc, #nmosi 1s incremented from 0. Next, a
steady state is reached at the value of nnmosi where I pc and
Imo,pc are equal. Similarly, when Ipi2pc is smaller than /s pc,
nnmos:2 1 incremented from 0. Then, a steady state is reached
at the value of nnmos2 where /i pc and Iz pc are equal. In Fig.
5 (b), Ipipc and Inzpc are adjusted to be equal, by reducing
Vasi amplitude below Vgsy amplitude, while Ipisurce <
Imo,surGE, because Ig1 < Ig; at turn-on due to the increased
nnmosi- Please note that Ipisurce > Ibosurce, in Fig. 5 (a),
while Ipi, surGe < Ip2,surae, in Fig. 5 (b). In order to equalize
Ipisurce and Imosurge, Fig. 5 (c) shows the proposed gate
driving by Controlling namost and  mpmos?. 1])1, surge and
Imsurge are equalized by decreasing Ig; at turn-on by
decreasing npmos2 from 63. In conclusion, /pi pc and Iny pc are
equalized by tuning NNMOS1, and 1])1, surGe and IDZ,SURGE are
equalized by tuning npmos?.

I11. MEASURED EQUALIZATION OF DC AND SURGE
COMPONENTS OF DRAIN CURRENT

Fig. 8 shows a die photo of SIDO DGD IC fabricated with
180-nm BCD process. Fig. 9 shows a photo of PCB of the half
bridge. PCB is designed symmetrically so that the parasitic

Conventional Proposed

(a) Constant Vg,

(b) Vgs4 amplitude control

Fig. 6. Principle of operation of proposed DGD-based Vasi
amplitude control.

ST | I T— S —

Fig. 7. Flowchart to control nnmosi and nnmos2 to equalize Ipi,pc
and /p2,pc.

inductances of Qi and Q, are equal. As shown in Fig. 1, /p;
and Ip, are measured using two commercial current probes
(SS-284A, IWATSU) and our developed two current sensors
in DGD IC. The current probes are used in Figs. 11 — 17 to
measure /Ip; and Ip, waveforms, while the current sensors are
used in Fig. 17 to automatically equalize /p1,pc and /po,pc. Fig.
10 shows the measured Ip — Vs characteristics of Q; and Q>
at V'ps =10 V using a curve tracer, where Vruo — Vi =0.5 V.
IDI,DC, IDZ,DC, IDI,SURGE, and IDZ,SURGE are measured with the
double pulse test at 300 V and the load current (/1) of 5 A, 10
A, 20 A, and 40 A.

Figs. 11 — 13 show the measured nnmos1 dependence of
Vas1 amplitude, Ipi pc and Ipo,pe, and Ipi surge and Ipa surGe at
npMos2 = 63, respectively, corresponding to the DC current
equalization by nnmosi control shown in Fig. 5 (b). At [ =40
A, by increasing nnmosi from 0 to 18, Vgsi amplitude reduces
from 18 V to 15.9 V (Fig. 11) and the difference between
Ipi,pc and Ipypc reduces from 2.6 A to 0.13 A by 95 % (Fig.
12), while the difference between Ipisurce and Ipasurce
increases from 1.9 A to 9.8 A (Fig. 13). To equalize the surge,
Fig. 14 shows the measured npmos2 dependence of IpisurGe
and InxsurGe at nnmost = 18, corresponding to the proposed
DC and surge current equalization by nnwmosi and npmos2
control shown in Fig. 5 (c). At I =40 A, by decreasing npmos2
from 63 to 28, the difference between /i surce and Ipa,surGe
reduces from 9.8 A to 0.32 A by 97 %. Fig. 15 shows the
measured waveforms of Vesi & Ves2 and Ipi & Im
corresponding to Figs. 5 and 11 — 14 at /1 =40 A. Compared
with the conventional gate driving (Fig. 15 (a)), the proposed
gate driving (Fig. 15 (c)) with nxmosi and npmos2 control
reduces the difference between /pi,pc and Ipz,pc from 2.6 A to
0.13 A by 95% and the difference between Ipisurge and
Ipasurce from 1.9 A t0 0.32 A by 83%.

Fig. 16 shows the measured waveforms of Vgs1 & Vs and
Ip1 & Ins corresponding to Figs. 5 and 11 — 14 at I, =20 A.

< 7.7 mm »

Fig. 8. Die photo of SIDO DGD IC fabricated with 180-nm BCD
process.

Rogowski
coils

Fig. 9. Photo of PCB of half bridge.
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Compared with the conventional gate driving (Fig. 16 (a)), the
proposed gate driving (Fig. 16 (c)) with nnmosi and rpmos:2
control reduces the difference between Inipc and Ipopc from
1.3 A to 0.07 A by 95% and the difference between Ipi surce
and Ipz,surge from 0.61 A to 0.05 A by 92%.

Finally, the automatic equalization of Ipi,pc and Ip2pc by
the feedback control of nnmosi shown in Fig. 5 (b) using SIDO
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Fig. 10. Measured /p — Vs characteristics of Qi and Q2 at Vps =

44 4.6

10 V.

18
63
=17
b
3
3 16
€5k [Y1.=40A
S H/=20A
2 Al =10A
>14F |e/=5A
13 Il L L : L L
(CO \ 5 10 15 4820 25
~onv. Nymos1  (Fig. 5 (b))
(Fig. 5 (a))

Fig. 11. Measured nnmosi dependence of Vesi amplitude,
corresponding to DC current equalization by nnmosi control
shown in Fig. 5 (b).
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Fig. 12. Measured nnmosi dependence of /pipc and /bapc,
corresponding to DC current equalization by nnmosi control
shown in Fig. 5 (b).

DGD IC is demonstrated. Fig. 17 shows the measured
waveforms of Vgsi & Vas2 and Ipi & Ip; of the conventional
gate driving (Fig. 5 (a)) and DC current equalization by nxmosi
control (Fig. 5 (b)) in multi pulse test at 300 V. In the
conventional gate driving in Fig. 17 (a), Vas1 = Vas2 and Ipi,pc
— I;opc = 2.3 A. In contrast, in DC current equalization by
nxmosi control in Fig. 17 (b), Vgsi amplitude is automatically
regulated to Vas2 — Vasi = 1.8 V by the feedback control of
AINMOS1, achieving Ipipc — Impc = 0.24 A. The automatic
equalization of Ipi surae and /p2 surae by the feedback control
of npmos2 using SIDO DGD IC is a future research topic,
because the current sensor in this work cannot accurately
measure the high-frequency /p1,surce and Inz,surge waveforms.

Table I shows a comparison table of DGD ICs. This work
is the world's first IC that achieves Ip equalization of two
parallel MOSFETs by integrating two DGDs, two current
sensors, and a controller.

IV. DISCUSSION ON CONDUCTION LOSS

In order to gain a better understanding of the advantages
and disadvantages of the proposed equalization of /pipc and
Ipzpc using SIDO DGD IC, the conduction losses of Q; and
Q: are discussed. Fig. 18 shows the calculated conduction
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Fig. 13. Measured nnmosi dependence of Ip1,surce and /p2,SURGE,

corresponding to DC current equalization by nnmosi control
shown in Fig. 5 (b).
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Fig. 15. Measured waveforms of Vgsi1 & Vas2 and Ip1 & Iz corresponding to Figs. S and 11 — 14 at I =40 A.

Table I Comparison table of DGD ICs.

s s ISPSD’20 | ISPSD’21 .
TIAMT7 [7] TPEL'21 [9] 0] 1 This work
. SiIGBT & Sic
Target power device SiC MOSFET GaN FET GaN FET | GaN FET MOSFET
180 nm HV 180 nm 180 nm 180 nm
Process 180 nm BCD CMOS BCD BCD BCD
Number of outputs 1 1 1 1 2
Output voltage swing 15V 5V 3.3V 5V 18V
" 8 bit (coarse), . . "
Levels of /g 6 bit 6 bit (fine) 7 bit 6 bit 6 bit
5Vv/012Q |3.3V/05Q
Max. Iy 5A =42A =6.6A 5A 6A
2 drivers,
Functlolns integrated 1 driver 1 driver 1 driver 1 driver Rlcuient
into IC sensors,
controller
Drain current
equalization of two No No No No Yes
parallel MOSFETs

losses of Q; and Q- in the conventional gate driving (Fig. 15
(a)) and the proposed gate driving (Fig. 15 (c)) at I. = 40 A.
The proposed gate driving reduces the difference between the
conduction loss of Q; and that of Q, from 1.57 W to 0.04 W
by 97%, while the proposed gate driving increases the total
conduction loss of from 24.1 W to 26.4 W by 9.5%. Therefore,
variation of heat generation between Q; and Q; is reduced,
while total heat generation of Q; and Q; is increased.

The reason can be understood from /p — V'ps characteristics.

Fig. 19 shows the measured /p — V'ps characteristics of Q; and
Q: at Vgs = 18 V using a curve tracer. To achieve It =40 A,
Ip1 + Ipy should be equal to 40 A. In the conventional gate
driving (Fig. 15 (a)), Vps = 0.60 V, while Vps = 0.66 V in the
proposed gate driving (Fig. 15 (c)) because on-resistance of

Qi is increased by decreasing Vgsi from 18 V to 15.9 V to
equalize Ipipc and Inopc. The 10% increase of Vps from 0.60
V to 0.66 V agrees well with 9.5% increase of the total
conduction loss. If the increase of the total conduction loss is
not preferred, Vgsi is fixed to 18 V and Vgsy should be
increased more than 18 V to equalize /pi,pc and Ipa,pc.

V. CONCLUSIONS

In the switching measurements of two parallel SiC
MOSFETs at 300 V and 40 A, the proposed SIDO DGD IC
reduces the difference between Ipi pc and Iz pc from 2.6 A to
0.13 A by 95% and the difference between Ipisurce and
Ipsurge from 1.9 A to 032 A by 83%. The automatic
equalization of /pipc and Ipopc by the feedback control of
nnmost using SIDO DGD IC is also successfully demonstrated.
The proposed SIDO DGD IC will enable a high-performance
power electronics systems using SiC MOSFETs at low cost,
because SiC MOSFETs with large variations can be connected
in parallel without prior testing and selection.

ACKNOWLEDGMENT
This work was partly supported by NEDO (JPNP14004).

1410



[72] [72] [72]

Q63 - Q63 = 263 n
&, Mpmos1 = Memos2 & 0 Memos1 = Memos2 . & 0 29 PMOS?2 %
g g g

63 _ 63 n 63

s T-I Numos1 = Mumos2 2 T-l i NMOS1 2 T-I
S p < oL » < oL

Nymos:2

30-! = 1= =1
— F! ._.30:= ! 21V ._.30:=
20K Ves1 = Vs = _Fi Ves2 v = F

~  F! ~20F 1 ~20F 1

& o 8 ki V f & Fi
S0E 1 ; kU7 = 10f

O YF s HE s HE
> 'i-I||||||||||||||||||| > 'le-'I|||||||||||||||||| > 'lL-olllllllllllllllllll

0 0.5 1 1.5 2 0 0.5 . 1 1.5 2 0 0.5 . 1 1.5 2

Time [us] Time [us] Time [us]

205 20F 20F1-5
r— E' ! — E — E' !
15 13A st 15 |

S10F! Y S 10F 10F| o2
=B y e =10 e
\55;1 | P pisfis \5 5;_ ;55;_E : D1I

HE 3 E E 1
o-t_l-;lllll I|'|O|I'|6I1|A||| o-lflilllll T e A i o-lll_!IIIIII
0 0.5 1 1.5 2 0 0.5_ 1 1.5 2 0 0.5 1 1.5 2
Time [us] Time [us] Time [us]

(a) Initial state w/o control (b) DC current equalization (c) Proposed DC and surge

(Conventional)

by nyyoss control

current equalization by

Nymost and Npyes, control

Fig. 16. Measured waveforms of Vas1 & Vas2 and Ip1 & Iz corresponding to Figs. 5 and 11 — 14 at I =20 A.

20F I 20F | Ves2 | l
= Same — 1.8V
2 15¢ Vst = Ves2 = 15f Vesi
>§ 10f >=§ 10
= 5F = 5F
172} (72}
X o " Nl h
S0 20 40 80 100 S0 20 40 6 80 100
30 Time [us] 30 Time [us]

3940
Time [us]
(a)

95
Time [us]

96

39
Time [us]

40

(b)

96

95
Time [ps]

97

Fig. 17. Measured waveforms of Vgs1 & Vas2 and Ip1 & Ip2 in multi pulse test. (a) Conventional gate driving (Fig. 5 (a)). (b) DC current
equalization by nnmosi control (Fig. 5 (b)).

1411



= 25
2
® 20
o
§15
g
5 10
=
o
O 5
0
\ v J\ v J
Conventional Proposed
(Fig. 15(a)) (Fig. 15(c))

Fig. 18. Calculated conduction losses of Qi and Q2 in
conventional gate driving (Fig. 15 (a)) and proposed gate driving
(Fig. 15 (c)) at IL =40 A.

25¢ 7
[ Conventionalv/
20} A
ID1 -
< 15F Proposed
& [ Ves=18V .
5 10f D2
5F
1 1 1 1 1 1

0 01 02 03 04 05 06 0.7 0.8
Vs [V]

Fig. 19. Measured Ip — Vbs characteristics of Q1 and Q2 at Vs =
18 V.

[10]

[11

1412

REFERENCES

Y. Xue, J. Lu, Z. Wang, L. M. Tolbert, B. J. Blalock, and F. Wang,
“Active current balancing for parallel-connected silicon carbide
MOSFETs”, in Proc. IEEE Energy Conversion Congress and
Exposition, Sep. 2013, pp.1563—-1569.

R. N. Tripathi, M. Tsukuda and I. Omura, "Dynamic current balancing
of parallel connected IGBT devices using PCB sensor for integration
in power modules", in Proc. 1Ith International Conference on
Integrated Power Electronics Systems, Mar. 2020, pp. 1-5.

C. Luedecke, F. Krichel, M. Laumen and R. W. De Doncker,
"Balancing the switching losses of paralleled SiC MOSFETs using an
intelligent gate driver," in Proc. International Exhibition and
Conference for Power Electronics, Intelligent Motion, Renewable
Energy and Energy Management, Nov. 2020, pp. 1-7.

Y. Wen, Y. Yang, and Y. Gao, “Active gate driver for improving
current sharing performance of paralleled high-power SiC MOSFET
modules”, IEEE Trans. on Power Electronics, vol. 36, issue 2,
pp.1491-1505, Feb. 2021.

R. Pérez-Delgado, G. Velasco-Quesada, and M. Roman-Lumbreras,
“Current sharing control strategy for IGBTs connected in parallel”,
Journal of Power Electronics, vol. 16, no. 2, pp. 769777, Mar. 2016.

Y. Wei, R. Sweeting, M. M. Hossain, H. Mhiesan, and A. Mantooth,
“Variable gate voltage control for paralleled SiC MOSFETSs”, in Proc.
IEEE Workshop on Wide Bandgap Power Devices and Applications in
Asia, Sep. 2020, pp. 1-7.

K. Miyazaki, S. Abe, M. Tsukuda, I. Omura, K. Wada, M. Takamiya,
and T. Sakurai, "General-purpose clocked gate driver IC with
programmable 63-level drivability to optimize overshoot and energy
loss in switching by a simulated annealing algorithm", IEEE Trans. on
Industry Applications, vol.53, no.3, pp. 2350-2357, May—Jun. 2017.

M. Koga, M. Tsukuda, K. Nakashima and I. Omura, "Application-
specific micro Rogowski coil for power modules — Design tool, novel
coil pattern and demonstration," in Proc. 9th International Conference
on Integrated Power Electronics Systems, Nov. 2016, pp. 1-5.

D. Liu, H. C. P. Dymond, S. J. Hollis, J. Wang, N. McNeill, D.
Pamunuwa, and B. H. Stark, “Full custom design of an arbitrary
waveform gate driver with 10-GHz waypoint rates for GaN FETs,”
IEEE Trans. Power Electron., vol.36,no. 7, pp. 8267-8279, July 2021.

W.J. Zhang, J. Yu, Y. Leng, W. T. Cui, G. Q. Deng, and W. T. Ng, “A
segmented gate driver for E-mode GaN HEMTs with simple driving
strength pattern control,” in Proc. IEEE Int. Symp. Power Semicond.
Devices ICs, Sep. 2020, pp. 102—105.

R. Katada, K. Hata, Y. Yamauchi, T. Wang, R. Morikawa, C. Wu, T.
Sai, P. Chen, and M. Takamiya, “5 V, 300 MSa/s, 6-bit digital gate
driver IC for GaN achieving 69 % reduction of switching loss and 60 %
reduction of current overshoot”, in Proc. IEEE Int. Symp. Power
Semicond. Devices ICs, May 2021, pp. 55-58.



	MAIN MENU
	Go to Previous View
	Help
	Search
	Print
	Author Index
	Technical Papers


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.500 x 11.000 inches / 215.9 x 279.4 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20120516081844
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     675
     320
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     7
     6
     7
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     7
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     7
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     7
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     7
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     7
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     7
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     7
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     7
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     7
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     7
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     7
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     7
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move up by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Up
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

      
       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     7
     0
     1
      

   1
  

 HistoryList_V1
 qi2base



