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A bstr a ct — A hi g h f r e q u e n c y m ulti- p h as e cl o c k g e n e r at o r ci r-
c uit wit h a 6 b p h as e r ot at o r is p r es e nt e d f o r m ulti- p h as e wi r eli n e
r e c ei v e rs. M ulti- p h as e i nj e cti o n is us e d t o ef fi ci e ntl y g e n e r at e a n d
r ot at e 8 cl o c k p h as es. U nli k e p ri o r r ot at o r- b as e d w o r k, t his w o r k
d o es n ot us e ti m e m o d ul ati o n, r e d u ci n g t h e r es ulti n g d et e r mi nisti c
jitt e r. A m o d el is p r es e nt e d t o st u d y t h e n o nli n e a rit y i nt r o d u c e d
b y t h e t e c h ni q u e. T h e p r o p os e d 1 7 G H z ci r c uit w as i m pl e m e nt e d
i n t h e I nt el 1 6 p r o c ess a n d c o ns u m es 3 3 m W. T h e m e as u r e d R M S
jitt e r is 9 8 fs, a n d t h e m e as u r e d D N L p p a n d I N L p p a r e 1. 2 6 a n d
4. 0 5 L S B r es p e cti v el y.

I n d e x Ter ms — p h as e r ot at o r, m ulti- p h as e cl o c k g e n e r ati o n,
i nj e cti o n l o c k e d ri n g os cill at o r, m ulti- p h as e i nj e cti o n, p h as e
i nt e r p ol at o r

I. I N T R O D U C T I O N

N e xt- g e n er ati o n h y p ers c al e c o m p ut ers r el y o n i nt er c o n-
n e ct e d s yst e ms t h at r e q uir e si g ni fi c a nt b o osts i n d at a c e nt er
n et w or k b a n d wi dt h. T his is dri vi n g a d e m a n d f or f ast er hi g h-
s p e e d wir eli n e s yst e ms. M ulti- p h as e s a m pli n g h as b e c o m e t h e
d o mi n a nt t e c h ni q u e f or a c hi e vi n g hi g h t hr o u g h p ut i n wir eli n e
r e c ei v ers b y m ai nt ai ni n g t h e p er-l a n e d at a r at e a n d i nt erl e a vi n g
m ulti pl e l a n es. R e c e ntl y p u blis h e d r e c ei v ers h a v e us e d 8 or
m or e cl o c k p h as es. T h es e m ulti- p h as e r e c ei v ers ar e hi g hl y
s e nsiti v e t o cl o c k jitt er as t h e y ar e us e d wit h hi g h-l oss c h a n n els
w h er e t h e r e c ei v er e y e is si g ni fi c a ntl y d e gr a d e d. S a m pli n g
p h as e ali g n m e nt m ust b e p erf or m e d o n all t h e g e n er at e d p h as es
a n d m ust h a v e hi g h r es ol uti o n t o c o m p e ns at e f or t h e d e gr a d e d
e y e. T h es e c oll e cti v e c h all e n g es m a k e cl o c k g e n er ati o n a n
i n cr e asi n gl y l ar g e p art of t h e wir eli n e p o w er b u d g et.

T y pi c all y, r e c ei v er s a m pli n g p h as e ali g n m e nt is a c c o m-
plis h e d b y usi n g a m ulti- p h as e cl o c k g e n er ati o n ( M P C G)
cir c uit, s u c h as a n i nj e cti o n-l o c k e d ri n g os cill at or (I L R O) or
a p h as e-l o c k e d l o o p ( P L L), f oll o w e d b y a p h as e i nt er p ol at or
( PI) t o r ot at e t h e cl o c k p h as e. E a c h a d diti o n al s a m pli n g p h as e
n e c essit at es a n a d diti o n al PI, a d di n g t o t h e p o w er a n d ar e a
c ost. T o a v oi d t his c ost, p h as e r ot ati o n m ust b e p erf or m e d o n
t h e r ef er e n c e si d e of t h e M P C G i nst e a d of t h e o ut p ut si d e.
T his ef fi ci e ntl y r ot at es all t h e g e n er at e d p h as es at o n c e.

I n I L R O- b as e d M P C Gs, m ulti- p h as e i nj e cti o n ( M PI) c a n b e
us e d t o a c c o m plis h t his. Pri or M PI i m pl e m e nt ati o ns c as c a d e
m ulti pl e M P C Gs a n d i nj e ct all g e n er at e d p h as es fr o m o n e
st a g e i nt o t h e n e xt, i m pr o vi n g M P C G p h as e ali g n m e nt a n d
jitt er filt eri n g [ 1]. I n t his w or k, M PI is us e d t o i nj e ct a si n gl e
r ef er e n c e p h as e i nt o m ulti pl e os cill at or p h as es at o n c e.

Fi g. 1.  M ulti- p h as e i nj e cti o n-l o c k e d p h as e r ot at or c o n c e pt. T h e c or e a n d
i nj e cti o n dri v ers ar e l a b el e d wit h t h eir dri v e str e n gt h. I nj e cti o n c a n b e e n a bl e d
f or a n y a dj a c e nt p air of n o d es. I n t his c o n fi g ur ati o n, t h e i nj e cti o n p h as e will
l o c k b et w e e n n o d es A a n d B.

II. P R O P O S E D A R C H I T E C T U R E

Fi g. 1 s h o ws t h e pr o p os e d c o n c e pt. T h e c or e cir c uit is a
ri n g os cill at or wit h i nj e ct ors i n e a c h st a g e. M PI is us e d t o
i nj e ct i nt o t w o a dj a c e nt st a g es si m ult a n e o usl y, e. g. n o d es A
a n d B. W h e n t h e i nj e cti o n str e n gt h I c is at its m a xi m u m v al u e
Ij, i nj e cti o n will b e p h as e-l o c k e d t o n o d e A. As I c d e cr e as es,
t h e p h as e l o c k will pr o gr essi v el y s hift fr o m n o d e A t o n o d e B.
T his c ul mi n at es i n p h as e-l o c ki n g t o n o d e B w h e n I c r e a c h es
0. T h e s a m e pr o c e d ur e c a n t h e n b e r e p e at e d wit h n o d es B a n d
C a n d s o f ort h t o a c hi e v e f ull r ot ati o n. R ot ati n g t h e l o c k p h as e
will r ot at e all t h e ri n g os cill at or’s o ut p ut p h as es t o g et h er.

Pri or w or k i n t his ar e a h as n ot f ull y e x pl or e d t h e p ossi bl e
r es ol uti o n [ 2] or h as f o c us e d o n ti m e- m o d ul at e d s ol uti o ns [ 3]
[ 4], w hi c h i ntr o d u c e u n d esir e d d et er mi nisti c jitt er. A hi g h-
r es ol uti o n st ati c, i. e., n ot ti m e- m o d ul at e d, s ol uti o n h as n ot
b e e n e x pl or e d. I n t his w or k, t h e c or e os cill at or h as 8 p h as es,
a n d t h e i nj e cti o n str e n gt h b et w e e n t w o st a g es is v ari e d i n 8
st e ps, r es ulti n g i n 6 4 t ot al st e ps or 6- bit r es ol uti o n.

A. M o d eli n g

T o st u d y t h e st ati c r ot at or p h as e i nt e gr al n o n-li n e arit y (I N L)
i ntr o d u c e d b y t his M PI s c h e m e, a m o d el is pr es e nt e d i n Fi g. 2.
E a c h i nj e cti o n st a g e is tr e at e d as a p h as e i nt er p ol at or b et w e e n
t h e os cill at or cl o c k a n d t h e i nj e cti o n cl o c k, w hil e t h e n o n-
i nj e cti o n st a g es ar e tr e at e d as t y pi c al d el a y st a g es. T h e fr e e
r u n ni n g os cill at or fr e q u e n c y is ass u m e d t o b e t h e s a m e as
t h e i nj e cti o n fr e q u e n c y. U n d er i nj e cti o n l o c k, t h e t ot al p eri o d
c o ntri b ut e d b y all st a g es s h o ul d e q u al t h e i nj e cti o n cl o c k
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Fi g. 2. ( a) G e n er al os cill at or m o d el. E a c h st a g e c o ntri b ut es o n e st a g e d el a y
( b) Si n gl e- p h as e i nj e cti o n m o d el. ( c) M ulti- p h as e i nj e cti o n m o d el.

p eri o d. W h e n i nj e cti n g s ol el y i nt o o n e st a g e ( Fi g. 2 b), i. e.,
n o M PI, t h e i nj e cti o n st a g e s h o ul d c o ntri b ut e t h e s a m e d el a y
as a n y ot h er n o n-i nj e cti o n st a g e, r es ulti n g i n n o st ati c p h as e
err or. W h e n i nj e cti n g i nt o t w o a dj a c e nt st a g es ( Fi g. 2 c), t h e
p air t o g et h er s h o ul d still c o ntri b ut e t h e s a m e d el a y as t w o
n o n-i nj e cti o n st a g es. T h us, u n d er i nj e cti o n l o c k, t h e i nj e cti o n
p h as e r el ati v e t o t h e os cill at or c a n b e f o u n d b y s ol vi n g f or t h e
i nj e cti o n p h as e t h at yi el ds t h e c orr e ct st a g e d el a y.

T h e r es ulti n g st ati c p h as e I N L fr o m t his m o d el is s h o w n i n
Fi g. 3 f or a 6 b c as e. T h e w orst- c as e p h as e err or is i m pr o v e d
b y r e d u ci n g t h e m a xi m u m i nj e cti o n r ati o, K m a x . H o w e v er,
r e d u ci n g Km a x als o s hri n ks t h e p h as e n ois e filt eri n g b a n d wi dt h,
i n cr e asi n g jitt er [ 7]. T h us, t h er e is a tr a d e- off b et w e e n jitt er
a n d r es ol uti o n. O ur t ar g et p o w er a n d jitt er s p e ci fi c ati o n ar e
m et wit h l ess t h a n 7 bits of e x p e ct e d r es ol uti o n.

III. C I R C U I T I M P L E M E N T A T I O N

T h e i m pl e m e nt e d cir c uit is pr es e nt e d i n Fi g. 4. At t h e c or e
is a 4-st a g e diff er e nti al C M L- b as e d I L R O. E a c h d el a y st a g e
c o nt ai ns 5 N M O S diff er e nti al p airs, as s h o w n i n Fi g. 5. T h e
pri m ar y p air (I 1) is dri v e n b y t h e os cill at or’s i nt er n al si g n al
a n d is al w a ys o n. O n e p air (I 2) is dri v e n b y t h e diff er e nti al
i nj e cti o n si g n al, a n d a n ot h er (I 4) is dri v e n b y t h e i nj e cti o n
si g n al wit h a fli p p e d p ol arit y. E a c h of t h es e i nj e cti o n p airs is
c o m pl e m e nt e d wit h a n ot h er p air c o n n e ct e d t o t h e os cill at or’s
i nt er n al si g n al (I 3 & I 5). W h e n a gi v e n i nj e ct or ( e. g. I 2) is
t ur n e d off, t h e c o m pl et e d (I 3) is t ur n e d o n, all o wi n g e a c h st a g e
t o m ai nt ai n t h e s a m e c urr e nt r e g ar dl ess of r ot at or c o d e.

T h e i nj e cti o n r ati o is s et b y t h e c urr e nt r ati o b et w e e n t h e
p airs dri v e n b y i nj e cti o n a n d t h e p airs dri v e n b y t h e os cill at or’s

Fi g. 3. M o d el e d p h as e err or or I N L f or v ar yi n g v al u es of K m a x . I N L L S B is
f or a 6 b c as e.

Fi g. 4. I m pl e m e nt e d p h as e r ot at or s yst e m ar c hit e ct ur e.

si g n al u p t o a m a xi m u m i nj e cti o n r ati o K m a x . Di git all y-
c o ntr oll e d c urr e nt D A Cs ar e us e d t o i n di vi d u all y c o ntr ol t h e
c urr e nt f or e a c h N M O S p air b as e d o n t h e r ot at or c o d e. I n t his
d esi g n, e a c h c urr e nt D A C h as 8 st e ps of i nj e cti o n c o ntr ol. T o
p erf or m M PI, t h e i nj e cti o n i nt o o n e st a g e li n e arl y d e cr e as es
w hil e t h e i nj e cti o n i n t h e n e xt st a g e li n e arl y i n cr e as es.

B ef or e t h e os cill at or c or e, r e pli c a b uff ers a n d r e pli c a bi as
ar e us e d t o c o n diti o n t h e i n p ut r ef er e n c e si g n al. F oll o wi n g t h e
os cill at or c or e ar e C M L 2 C M O S b uff ers. F or t esti n g, a n 8: 2
cl o c k m u x is i n cl u d e d aft er t h e C M L 2 C M O S b uff ers, f oll o w e d
b y a u xili ar y o ut p ut b uff ers . A di git al c o ntr oll er is i n cl u d e d
t o s et t h e c urr e nt D A C bits. Si m ul ati o n r es ults ar e s h o w n i n
Fi g. 6 f or t h e c o m pl et e s yst e m e x cl u di n g t h e 8: 2 m u x a n d
o ut p ut b uff ers. D e vi ati o n fr o m t h e m o d el is attri b ut e d t o l a y o ut
ass y m m etri es.

I V. M E A S U R E M E N T S

T h e pr o p os e d d esi g n w as f a bri c at e d i n t h e I nt el 1 6 pr o c ess
[ 8], t ar g eti n g a cl o c k fr e q u e n c y of 1 7 G H z. T h e a n al o g c or e
ar e a is 5 5 µ m x 3 0 µ m, a n d t h e di git al c or e is 5 5 µ m x
2 0 µ m. F or c o m p aris o n, a c c o m plis hi n g t h e s a m e f u n cti o n alit y
b y usi n g C M O S p h as e i nt er p ol at ors r e q uir es a n a n al o g c or e
ar e a of 5 3 µ m x 6 0 µ m. T his pr o p os e d ar c hit e ct ur e pr es e nts

6 3 0
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Fi g. 5. Os cill at or St a g e.

Fi g. 6. I N L c o m p aris o n b et w e e n m o d el a n d e xtr a ct e d cir c uit si m ul ati o n.

Fi g. 7. Di e mi cr o gr a p h.

a 5 0 % a n al o g ar e a r e d u cti o n. T h e m e as ur e d a n al o g p o w er
c o ns u m pti o n, i n cl u di n g t h e os cill at or c or e, r ot at or, a n d i n p ut
a n d o ut p ut b uff ers, is 3 3 m W at 1. 2 V s u p pl y.

Fi g. 8 s h o ws t h e M P C G p erf or m a n c e. At a fi x e d r ot at or
c o d e, t h e 8- p h as e err or is m e as ur e d t o b e u n d er 1 7 d e gr e es
p e a k-t o- p e a k a cr oss all p h as es. T h e p h as e n ois e at 1 M H z

Fi g. 8. ( a) M e as ur e d M P C G err or a n d ( b) p h as e n ois e s p e ctr u m.

offs et fr e q u e n c y is - 1 1 9. 6 d B c/ H z. T h e m e as ur e d i nt e gr at e d
R M S jitt er fr o m 1 0 K H z t o 1 G H z is 9 8 fs. Jitt er is n ot
si g ni fi c a ntl y i m p a ct e d b y r ot at or c o d e a n d v ari es b y l ess t h a n 3
fs. T his is e x p e ct e d si n c e t h e c urr e nt i nt o e a c h st a g e is c o nst a nt
a cr oss all c o d es.

I N L w as m e as ur e d f or e a c h of t h e 8 o ut p ut p h as es. T h e b est
a n d w orst c ur v es ar e s h o w n i n Fi g. 9. G e n er all y, t h e I N L c ur v e
c o nt ai ns t h e e x p e ct e d s yst e m ati c b e h a vi or fr o m m o d eli n g.
H o w e v er, t h e si z e of t h e err or p e a ks e x c e e ds e x p e ct ati o ns
b y a p pr o xi m at el y a f a ct or of 2, wit h a d diti o n al d e vi ati o ns
c o mi n g fr o m M P C G err or. Fi g. 1 0 s u m m ari z es t h e D N L p p
a n d I N L p p f or all o ut p uts. F or t his 6 b d esi g n, t h e w orst st ati c
D N L p p a n d I N L p p ar e 1. 2 6 L S B a n d 4. 0 5 L S B r es p e cti v el y.
D y n a mi c p erf or m a n c e w as m e as ur e d b y o bs er vi n g t h e o ut p ut
s p e ctr u m w hil e i n cr e m e nti n g t h e r ot at or p h as e c o d e. T h e c o d e
i n cr e m e nt ati o n w as c o ntr oll e d b y t h e di git al c o ntr oll er a n d
cl o c k e d u p t o 4 8 M H z. T h e l ar g est s p ur v ari es b et w e e n -
2 7. 4 a n d - 2 8. 8 d B c at +/- 0. 7 5 M H z offs et, d e p e n di n g o n
t h e s el e ct e d o ut p ut p h as e. T his c orr el at es wit h t h e F F T of t h e
I N L. T h e i nt e gr at e d fr a cti o n al s p ur is - 2 4. 0 d B c.

6 3 1
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Fi g. 9. M e as ur e d b est ( C K B 0) a n d w orst ( C K 0) I N L c ur v es.

Fi g. 1 0. ( a) M e as ur e d D N L p p a n d ( b) I N L p p f or all cl o c k o ut p uts.

Ta bl e I c o m p ar es t h e p erf or m a n c e of t h e pr o p os e d cir c uit
wit h ot h er m ulti- p h as e cl o c k g e n er at ors. R ef. [ 2] [ 3] a n d [ 5]
d e m o nstr at e si mil ar p h as e r ot at or- b as e d t e c h ni q u es, w hil e [ 1]
a n d [ 6] d e m o nstr at e PI- b as e d t e c h ni q u es. C o m p ar e d t o pri or
p h as e r ot at or- b as e d w or k, t his w or k d e m o nstr at es t h e b est jitt er
( P L L) F O M a n d m ulti- p h as e g e n er ati o n ef fi ci e n c y ( M P C G
F O M) w hil e d e m o nstr ati n g hi g h r es ol uti o n r ot ati o n. C o m p ar e d
t o t h e PI- b as e d w or k, t his w or k pr es e nts c o m p ar a bl e jitt er
p erf or m a n c e a n d p h as e r es ol uti o n. B y p erf or mi n g si m ult a n e-
o us r ot ati o n, it a c hi e v es b ett er M P C G m ulti- p h as e g e n er ati o n
ef fi ci e n c y.

T A B L E I
P E R F O R M A N C E S U M M A R Y A N D C O M P A R I S O N

a N ot r e p ort e d. b Esti m at e d fr o m c h arts. c I n cl u d es M P C G a n d PI.
F O M P L L = 1 0 l o g1 0 ( Jitt er R M S ) 2 ( P o w er

1 m W
)

F O M M P C G = 1 0 l o g1 0 ( Jitt er R M S ) 2 ( P o w er
1 m W

1 G H z
Fr e q u e n c y

1
N u m. P h as es

)

V. C O N C L U S I O N S

T his p a p er pr es e nt e d a t e c h ni q u e f or ef fi ci e nt m ulti- p h as e
cl o c k g e n er ati o n a n d r ot ati o n. M ulti- p h as e i nj e cti o n w as us e d
t o p erf or m hi g h-r es ol uti o n r ot ati o n, a n d a m o d el w as pr es e nt e d
t o d et er mi n e t h e i ntr o d u c e d n o nli n e arit y. T his p h as e r ot at or
t e c h ni q u e a c hi e v es b ett er M C P G ef fi ci e n c y t h a n PI- b as e d t e c h-
ni q u es at c o m p ar a bl e fr e q u e n ci es. B y usi n g a st ati c i nj e cti o n
m et h o d, t h e pr o p os e d t e c h ni q u e als o si g ni fi c a ntl y i m pr o v es
jitt er o v er pri or p h as e r ot at ors. T h e cir c uits i n t his w or k w er e
g e n er at e d usi n g B A G 3 + +, a n d t h e g e n er at or c o d e is r el e as e d
u n d er o p e n-s o ur c e li c e ns es [ 9].

A C K N O W L E D G M E N T S

T h e a ut h ors w o ul d li k e t o t h a n k t h e B W R C m e m b er c o m p a-
ni es, st u d e nts, st aff, a n d f a c ult y f or t h eir s u p p ort. T his r es e ar c h
w as, i n p art, f u n d e d b y t h e D A R P A I- T E R A pr o gr a m. T h e
a ut h ors a c k n o wl e d g e t h e I nt el U ni v ersit y S h uttl e Pr o gr a m f or
d o n ati o n of t est c hi p f a bri c ati o n.

R E F E R E N C E S

[ 1] Z. Wa n g, et. al., ” 1 1. 4 A Hi g h- A c c ur a c y M ulti- P h as e I nj e cti o n- L o c k e d
8- P h as e 7 G H z Cl o c k G e n er at or i n 6 5 n m wit h 7 b P h as e I nt er p ol at ors f or
Hi g h- S p e e d D at a Li n ks,” I S S C C, 2 0 2 1.

[ 2] M. H oss ai n a n d A. C h a n C ar us o n e, ” 7. 4 G b/s 6. 8 m W S o ur c e S y n-
c hr o n o us R e c ei v er i n 6 5 n m C M O S,” J S S C, 2 0 1 1.

[ 3] F. O’ M a h o n y, et. al., ” A pr o gr a m m a bl e p h as e r ot at or b as e d o n ti m e-
m o d ul at e d i nj e cti o n-l o c ki n g,” V L SI, 2 0 1 0.

[ 4] Y. F. Z h a n g, J. Li a n g a n d T. C. C ar us o n e, ” D esi g n C o nsi d er ati o ns f or
Ti m e- M o d ul at e d I nj e cti o n- L o c k e d P h as e I nt er p ol at ors a n d R ot at ors,”
I S C A S, 2 0 2 3.

[ 5] Y. - C. H u a n g a n d B. -J. C h e n, ” 3 0. 7 A n 8 b I nj e cti o n- L o c k e d P h as e
R ot at or wit h D y n a mi c M ulti p h as e I nj e cti o n f or 2 8/ 5 6/ 1 1 2 G b/s S er d es
A p pli c ati o n,” I S S C C, 2 0 1 9.

[ 6] S. C h e n et al., ” A 4-t o- 1 6 G H z i n v ert er- b as e d i nj e cti o n-l o c k e d q u a dr at ur e
cl o c k g e n er at or wit h p h as e i nt er p ol at ors f or m ulti-st a n d ar d I/ Os i n 7 n m
Fi n F E T,” I S S C C, 2 0 1 8.

[ 7] B. R a z a vi, ” A st u d y of i nj e cti o n l o c ki n g a n d p ulli n g i n os cill at ors,”
J S S C, v ol. 3 9, n o. 9, p p. 1 4 1 5- 1 4 2 4, S e pt. 2 0 0 4.

[ 8] Q. Yu et al., ” m m Wa v e a n d s u b- T H z Te c h n ol o g y D e v el o p m e nt i n I nt el
2 2 n m Fi n F E T ( 2 2 F F L) Pr o c ess,” I E D M, 2 0 2 0.

[ 9] B A G I L R O P R. [ O nli n e].  A v ail a bl e: htt ps:// git h u b. c o m/ u c b-
art/ b a g ilr o pr

6 3 2

A ut h ori z e d li c e n s e d u s e li mit e d t o: U ni v of C alif B er k el e y. D o w nl o a d e d o n A u g u st 2 6, 2 0 2 5 at 1 9: 1 1: 0 6 U T C fr o m I E E E X pl or e.  R e stri cti o n s a p pl y. 



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.268 x 11.693 inches / 210.0 x 297.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20140918080338
       841.8898
       a4
       Blank
       595.2756
          

     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
      

        
     4
     3
     4
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: none
     Shift: move up by 12.60 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20170126085122
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     675
     322
     Fixed
     Up
     12.6000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     3
     4
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move up by 5.40 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     322
     Fixed
     Up
     5.4000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: none
     Shift: move up by 3.60 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20170330081459
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     675
     322
     Fixed
     Up
     3.6000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     3
     4
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move up by 3.60 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     322
     Fixed
     Up
     3.6000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: none
     Shift: move up by 18.00 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20160112132206
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     675
     322
     Fixed
     Up
     18.0000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     3
     4
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     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
         AllDoc
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     3
     4
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     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
         AllDoc
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     3
     4
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     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
         AllDoc
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     3
     4
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     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
         AllDoc
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     3
     4
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     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
         AllDoc
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     3
     4
      

   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
      

        
     4
     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
      

        
     4
     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
      

        
     4
     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
      

        
     4
     0
     1
      

   1
  

 HistoryList_V1
 qi2base



