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1.1 Input/Qutpyt Formats (SS)

and d0(j).hold, respectively

G H
(GA2 + HA2) ~ (1/2) (G2 + HA2) » (1/2)
where: Gag*2%g g=.g102g3g4g5¢96g7 g8 {normalized sign-and-mag.)
eg = egd ege eg1 egd {2's complement)
H=h"*2*gh h=.h1h2 h3 h4 h5 h6é h7 h8 (g=0/Mh=0 guaranteed)
eh = eh3 eh2 eh1 eh0
C=c"2%c c=c0.c1c2clcdc5c6¢c7cB
ec = 6¢3 ec2 ec1 ecO
S=5"2%s s =50.51525354855657s8
€5 = 653 952 851 @50
* Pinouts
Pin{s) Direction(s) Function Total
egc3 . .. egel bi-directional eg (in)/ec (out) 4
ehs3 ... ehs0 bi-directional eh (in)/es (out) 4
c0.gel...gc8 bi-directional g (in)/c (out) [c0 is uni-directional] 9
s0.hs1 ... hs8 bi-directional h (in)/s (out) [s0 is uni-directional] 9
s1j, s0j, c1j, c0j uni-directional sarial $1(j), 80}, ¢1(J), cO(j) outputs 4
Vdd, GND uni-directional power rails 2
@21, Oibar, uni-directional two-phase clocking 4
D2, @2bar
ENABLE, uni-directional ¢hip enables (ENABLEDbar generated 2
ENABLEbar externally for convenience only)
GRESET, uni-directional global reset (BOTH generated externally 2
GRESETbar for convenience only)
READ uni-directional used to sample chip outputs ec3..ec0, 1
es3..080, c0..c8, 50..88 at any time
force.align uni-directional usgd fo override outputs of the alignment 1
un
align.int .. 4 bi-directional overrides for x(J}, y(I), x(j)bar.hold, and 4
y(j)bar.hold, respectively
force.sos uni-directional used 1o override outputs of the sos unit 1
sos.in1 .. 3 bi-directional overrides for 22(])bar, z1(])bar, and 3
20(j)bar, respectively
force.sqr uni-directicnal used to override outputs of the sqr unit
sqr.int .. 3 bi-directional overrides for d1(j)bar.hold, d1(]).hold, 3

Total = 54



« Pad Connection Diagram

— T S — Y A — — — T S— — A— —

READ
unusedl
unused|

c1j |

c0j |
unused]
unused|
unusedl
unusedl
unused‘
unused|

READ |

co |
s0 |
unusedl
unusedl
unused|
unusedf
unused]
unusedl
unusedl
s1j |
50 |
unused[

| force.atign
| avign.in1
Ianganz
|a"gnjn3
|a"gan4
Iunused

| force.sos
|soan1
Isosjn2

| s0s.in3
|unused
|unused
lunused
Iunused
|unused

| force.sqr
Isqrjn1

Isqunz
| sqr.in3

| eNaBLE
| ENaBLEDar



1.2 Timing Issues (SS)

- Computation Phases

Because of the dual-phase clocking scheme used, two computation strokes are available during
each beat of the “system clock”™, namely, the @2-@1 and @1-02 strokes. Both phases occur from
rise-to-rise of the clocks since all flip-flops in the standard library are level-triggered.

* Timing Anomaly

One small anomaly exists in the operation of the flip-flops of the standard library, namely, the
Qbar outputs of preset-able flip-flops will stray and follow the input D (as Dbar} rather than
assume their correct preset values during the period in which the GRESET signal is high and
the clock of that flip-flop is high. The only time this is potentially dangerous, of course, is
during the initial reset phase of the chip's operation when GRESET is active {see the
accompanying Drawing Sheet which describes the anomaly and its point of occurence in detail).
To avoid problems, one should not use the Qbar output of @2-clocked flip-flops unless it
can be assured that adequate time exists from the fall of 92 to the rise of @1 for any
computation to take place (at that one particular moment in the chip's operation).
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1.4 Lavout Dimensions (SS)

* Unit Dimensions

Unit

Alignment

Sum-ot-Squares

Square-Root

Division

* Chip Dimensions

Area

Internal Circuitry

Internal Circuitry +
Wire Channe! Frame

Internal Circuitry +
Wire Channel Frame +

Pads

* Floorplan

Scale:

Subunit

Dimensions (Hx Win )

afign.top
align.bot

sos.left
s0s.mid
sos.right
sos.cpa

sqr.left
sqr.mid
sqr.mid3
sqr.mid4
sgr.mids
sqr.right
sgr.cpa

div left
div.mid0
div.mid
div.right
div.cpa

621 x 754
437 x 1108

8963 x 193
963 x 82
963 x 84
218 x 227

1352 x 398
1352 x 98
1352 x 98
1352 x 98
1352 x 98
1352 x 142
467 x 832

1349 x 482
1349 x 111
1349 x 119
1349 x 148
387 x 758

Dimensions (Hx Win A)

Unit= 1066 x 1112 A
1599 x 1668

Unit = 1185x 855 A
1778 x 1283 1

Unit = 1827 x 1230 A
2741x 1845

Unit= 1744 x 1689 A
2616 x 2534 |1

Dimensions (H x W in 1)

4310 x 3523

5080 x 4280

5934 x 5134

6465 x 5285

7620 x 6420

8901 x 7701

1 inch = 500 lambda. All Dimensions scaled 1o nearest 1/10 inch.



Division Unit

SO ——>

~ -3 C

SOS Unit

Division Unit

SQR
Unit
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2.1 Alignment Unjt (SS)

* Registers/Levels.

Name Type
A egreg muxff
? : ehreg muxtf
T ¢ cpa-1 fad
H T
M1 eciock- logic/stt
o
T N 99
) etemp dtt
c
shiftX- logic
gen
ediff dff
cpa-r fad
as-gen/ nor2
ec-gen
S s
l;l g gshit muxshift
F C  hshit muxshift
r T
[
|
o]
N
G N

* Logic Block Reductions

Function

initially loads eg; thereafter acts as an intermediary register

initially loads eh; thereatter loads either 0 or -2

initially computes etemp = ediff = (eg - eh) = eg + (ehbar + 1); thereafter used
to count etemp sither up or down 10 0. A constant input of 1 is forced at right.
generates clock enables which are ANDed with @2 to clock etemnp/ ediff

stores the original exponent difference etemp = ediff = {eg - eh); thereafter
used as an intermediary register during countup/countdown for 0 detection.

detects O-difference case, generates clock enable which is ANDed with @110
clock gshift/hshift

stores the original exponent difference, ie. etemp = ediff = (eg - eh) for all
time; used in determining es & ec

calcuiates - editf = edittbar + 0 + 1

selects o8 = - adiff (edift 2 0) or s = 0 (edlff < 0);
selects eC = 0 (edIff > 0) or ec = ediff (ediff < 0)

initially loads mantissa(g) = . g1 . . . g8; thereatter used to shift in g{asx)
initially loads mantissa(h) = . h1 . . . h8: thereafter used to shift in h {asy)

Name Function implementation
shiftX- zdd4 2d a1 zd4 zdbar o1
gen zd3 2d3 shiftG
bar
zd2 zd2
zd1 zdt
ENABLE passG shiftG ENABLEbar passGbar
shiftG
Zd4 zd ;N zd4 zdbar 21
zd3 zd3 shiftH
bar
zd2 zd2
2d1 zd1
- ENABLE passH shiftH ENABLEbar passHbar

shiftH



‘ 22 o2
&cI0CK- sff sff
gen zd —{p Q zd D Q
stempclk stempclkbar
etempclk
o2 22
eclock-
gen GRESET GRESET
ediffclk edificlkbar
adiffcik
es-gen - edIfi(l) - editf(l)bar
edIff{3)bar odifi(3)
es{l) os(l)
ec-gen oditKl) odiff{l)bar
edIitf(3) oditf(3)bar
oc(l) oc(l)
Operation

At the beginning of the chip's operation, the ENABLE signal is used to re-direct the inputs of
egreg and ehreg to accept the initial inputs eg and eh (a constant 1 is forced at the right end of
cpa-/ 1o form - eh = ehbar + 1). Thereafter, these registers are utilized as a temporary
intermediary register and as a source of either a -2 or 0, respectively. When added to the
aforementioned constant 1 fed into the right end of cpa-/, either a -1 or 1 respectively is formed,
and any exponent difference is counted either up or down to 0 using etemp. Clocking of stemp
ceases when 0 is reached. adiff receives only a singie clock; it's sole function is to store the
original exponent difference for computation of es and ec. cpa-r generates - edift from ediffbar,
0, and 1. Immediately thereafter, es-gen selects either es = - ediff (editf > 0) or 88 = 0 (ediff <
0), while ec-gen selects e¢ = 0 (ediff 2 0) or oc = ediff (edIff < 0).

shiftG/shiftH are formed by ORing the ENABLE signal (which brings in the original
mantissas), zd (vaiid when efenip = 0 is reached), and either passG/passH. passG is valid
immediately iff the original exponent difference (ediff) was positive, while passH is valid iff ediff
was negative. The end result is that valid x(J)'s and y(j)'s are shifted out of gshift and hshitt,
respectively, at their proper times.



2.2 Alignment Unit (DS)

eg3 ; jehl 0g2 ; eh2 gl oh1 og0 ¢ ;oh0
)|
D1 DG D1 DO D1 0o D1 Do
Qbar Q Qbar Q
) o :e —t
D DO D1~ DO C= DO D14 DO 1
Q Qbar Q Cbar
GND
A B A B A B A B
C j C j C I C —-I
SUM Cy SUM CY SuM Cy m SUM CY
bar bar r-{ bar _bar | i bar bar bar bar
22
GRESET sff estempclkbar/ L_
3
"7""". D dff f— D dff #— D af f D aff
D o+a B81 1 1
C+A B
Qbar & | Qbar__ Q| Qbar @ Qbar  Q
zdbar
etempl
stempi —t—
stemp2
stemp3 H passGbar
ENABLEbar pase b’% v
o1 T g ] 1
r j\BA T .,\BA ABC ABC |8 AlB AlB A
8 AIB A|BAlC BUAB ABAlC D D f—-C —c C
i } :
l
shiftHbar ' shiftGbar
shiftd shiftG

(1.1]



1
92
g3
g4 —ua.
g5
gs
g7
R I A SN AN
D1 01 D1 o1 L1 L
shiftinQ shiftin0 shiftinQ shiftinQ shiftin0 shif'tinQ
QM QSbar Qs QS QS QS
shiftinQ shiftinQ shiftinQ) shiftinQ shiftinQ shiftind
QM C! |QShar] D1 QS D1 Qs D1 Qs D1 QS D1
v 4 4
h7
hé
hS
h4
h3
h2
h
0
y(l)-hold x{}).hold y(j)bar x(i)bar
ABABABASGS
, ‘ x())
. v To
x()bar.hold Pads
y()bar.hoid
x(J)
¥ From
x()bar.hold Pads
y(Dbar.hoid

(2.1]




ot
>3

)

3

ARITHMETIC
SECTION

muxt

S = ENABLE

Sbar = ENABLEbar
CLK = ©1

CLKbar = @1bar
DO = shown

D1 = shown

Q = shown

Qbar = shown

(egreg/
ehreg)

nor2 -
cbar c ¢ C ¢ ¢ c c C all shown (es-gen/
below B ale afe als alB Al als als a ec-gen)
elow T —f— T
Q Qbar Q
l——4 —— -
ag *~— ——
T 1 1
bar bar bar bar bar bar bar bar -
sumcy A fsomey A Jstmcy A fsbmey AT O fad (coa-l
cleA— clgAp—— clgAl—— B[~ 1 alshown cpa-r)
B B -3 —C
itfclk :
ediffclkbar/
T editfelk | O Cbar Q Qbar Q Qbar Q Qbar 5'1531%‘;; GRESET
A BT 1 Sll:ﬁ-g}b (eclock-
= ar
C+A B Q = shown gen}
D dff D daff D daff D Qbar = unused
T
dtt
D = shown
CLK = aXXXXck, ot (€t6mp/
Qbar, CLK = eXXXXclkbar, left edrﬂ)
o] Q = shown
a fve Qbar = shown
B all shown gen)

Nn,2]



il
T
| A E—
!: D1 01 D1
shiftinQ shiftinQ shiftin0 shlft|n0—]
Qs QS Qs QS
shiftin0 shiftin0 shiftinQ shif‘tino—l
Qs i QS D1 QS D1 Qs D‘1—
| —
t 8

DZ—=—-MM—T®
Z0—-—=-0OmMmuw

muxshit

S = ENABLE

Shar = ENABLEbar
shiftin0 = auto

D1 = shown

CLKM = shittG/shiftH
CLKMbar = shiftGbar/shiftHbar
CLKS = 02
CLKSbar = D2bar
QM = shown
QMbar = unused
QS = unused
QSbar = shown
shiftout = auto

{gshift)

(hshift)

[2,2]
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3.1 Sum-of-Squares Unit (SS)

- Recurrence Operands

+ Registers/Levels

OZ>»ImMmOO

O—-mMmTLT——D>

ZO=~0OMrmo

Wil =

Z0==0Omw

20==0mw

Z0-~-0Omw

Name

shift-
register

append-
clock

X-latch
Y-latch
Qx-low

Qy-low

W-hold.ps

csa-lavell
W-hold.sc

csa-level2
W-latch.ps
W-latch.se

cpa
Z-latch

2*W[J-1]
+ 2°{X[-1]1 + x(])*2A-(+1))*x(f)
+ 2*{Y[J-1] + y(I)*2A-(J+1)}*y())

Bit :
Patterns

Qx= [X,0,1(+1),0,0,..
Qy= [Y,0,1(+1},0,0,..

Type

rstf [sff
in m(0)]

nand2/inv
rsff
rsff

nor2

nor2

rsff

fad
rsff

fad
rsff
rsff

fad
rsff

previous value of WIj] held in W-hoid.ps /W-hold.sc
2*{Qx}*x(f), produced by Qx-low of operand section
2*{Qy}"y(j), produced by Qy-low of operand section

0] Qx/Qy are gated as {Qx}*x(f)/{Qy}*y(]) and the result is fed into
0] the arithmetic section with elements correctly positioned above
' csa/latch structures to accomplish the multiplication by 2

Function

Traveling bit pair: m(j) is used to force the low bit of Qw/Qy high; s(j} marks
the location where appending occurs to produce X1YIi)

syncs the bit marking the location where appending is to occur [s(h))
with the ©2 clock

stores the appended value of X{j]

stores the appended value of Y{J]

ORing logic used to force Qx(j+1) high, followed by kill logic which forces
Qx=0 for x(J)=0

ORing logic used to force Qy(J+1) high, followed by kill logic which forces
Qy=0 for y(j)=0

holds over the partial-sum component of W[j-1] during the 4-2 reduction
forming W{j]
performs 3-2 reduction of 2*Qx*x(j), 2*Qy"y(]), and W-hoid ps

holds over the saved-carry component of W{j-1] during the 4-2 reduction
forming WI[j]

performs 3-2 reduction of the outputs of csa-level! plus W-hold.sc
contains the partial-sum component of WTj]
contains the saved-carry component of WIj]

performs 2-1 reduction of W-latch.ps, W-latch.sc forming 2(j)
stores the z(j) formed



* Logic Block Reductions

Name Function Implementation
append- s(]) ()
clock 22
CLK CLKbar CLKbar CLK
Qx-low m(i-1} m(l-1}
Xf-1)(n X{J-11(0
x(]) Qx(l) x{[)bar Qx({l)
Qy-lfow m{l-1) m(i-1)
YU Y0i-1X0
y) Qy(i) y{)bar Qy()

* Operation

At the beginning of the chip's operation, the GRESET signal is used to preset ali latches to 0
[except for m(0) of shift-register, which is setto 1]. It is proper then to examine the operation of
each section separately.

In the operand section, a bit pair travels across the shift register such that position j can be
determined. When m(j) is set, it is used to force bit j+1 of Qx/Qy high. This bit lives logically in
slice j+1. The entire operand section sits above the arithmetic section so that Qx/Qy, after gating
as Qx*x(jyQy*y(j), are fed into the arithmetic section with elements correctly positioned above
csa/latch structures. In the next half cycle, 8(j) is used to mark the position where appending to
torm X[j)/Y[il (in X-latchv Y-latch) should take place, and append-clock logic syncs this bit with the
©2 clock.

In the arithmetic section, 2*Qx*x(j), 2*Qy"y(j), and the partial-sum and carry-save components of
WI[j-1] repeatedly undergo a 4-2 reduction to form W[j]. The fractional portion of WI(jl is routed
back up to registers W-hoid.ps/ W-hold.sc for computation of the next W(j}, while the integer
portion is routed to the selection section for z(j) determination.

In the selection section, the integer portion of W[J], now in carry-save form, undergoes a 2-1
reduction in gpa, and the resulting 2(J) is held in the z-latch.



o . 1 2 3 a
sff rsff rsff rsff rsff
I—D rQ 1 D ,—O _— |—Q ——-—DI—O ———D,—-G
0
rsff —Irsff —,rsff _JrsFF _Jrsff
op— oH o Q D Q D Q D 3
@2bar ._.f .r r 1—
A B A 8B A B A B
A B C+A B CTA B C+A B C+a B
x{j}bar
hold
Clkbar CLK CLKbar CLK CLKbar CLK LCLKbar CLx
A B
D D D b}
G Q Q Q
vu}bla‘; | - -1
he CLKbar|CLk CLKbar|CLk CLKbarfCLK CLKbar|Cik
A B I
D D] b D]
Q Q Q Q
0 By, below By, below By, below By, below
A Bx|lA B 1A Bx|A B 1 A Bx]lA B = A Bx|A B
A B ¢t ¢k cH ¢ ¢ ch o el =
Y0 1 1 T T
A Byla B —1A BylA B 1A By[A B 1A BylA B
A B ¢4 ¢ o e ¢4 ¢ ¢t ¢
] | ] |
| | i |
1 . 2 3 4

1]



T
f——

rsff

ALY

ABC

R |
SUM CY
bar bar

sff

ALY

ACB

=
sSuM CY
bar bar

L
SUM CY
bar bar

2
i
rsff
AW
ABC

sff

AW

ACB

sff

\\:frr
Q o

\\:fff
Q D

-
SUM CY
bar bar

rsff
Qbar D

rsff

Qbar

rsff
D

L\\:?FF
-1 ¢ D

\\:fff
Q D

rsff

Qbar D

[2,1]




-1 0 .
C B A A B C=—
' tad
AT | all shown
SuUM QY SuM Cy
| bar bar bar_ber | g
oD, |
below st
right ot o orr PRESET = GRESET
CLK = @2
D Q QP ¢ CLKbar = @2bar
Q = shown
Qbar = unused
z2(}) 21(]) z0(])
A B A B ABARB
’-ﬂ(l)blf To
Zi{Ybar Pads
z0{))\bar
z2([)bar From
z1(j)ba Pads

(cpa)

(z-latch)

ZO0O—=-OMrmm

Z0—-=0MmMon

[3.1]



reff - rsff rsff rsff
—i0 ,— ol — ——0o ,—- Q —0 ,— Q — 0 l— Q
_J rsf _’ rsff _J rsff _' rSfr
D Q = D Q D Q D Q
T T 1T T
A B A B A B A B
C4+A B CTA B C+A B CTA B
CLKbar CLK [ CLKbar CLK ClKbar CLK CLKbar CLK
D D D )]
Q Q Q Q
CLKbarjCLK l CLKkbar|CLK CLKbarfCLK CLKbar|CLK
C D D D
Q Q Q Q
By, below By, below By, below By, below
T - T )y
A BxlAa B 1A Bx]lA B 1 A Bx|A B 1A Bx|Aa B
cH ch cH o ok Bl & cH ok
T 1 T+ 1
A BylA B 1A By|A B 1A Bv]lA B 1A ByjaA B
¢+ ¢ cH ¢ cH ¢ ¢+ ¢
| | ] |
| i i
5 6 7 8
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o
b
L

L
SUM CY
bar bar

\\:fff
Q 3]

reff

SUM Cy
bar bar

Qbar D =

\\:fff

‘Sff‘
Q D

rsff

Qbar D

Qbar

rsff
> 4

\\:fff
Q D

rsff

Qbar D J

[2,2]



rsff

rsff

ClKbar CLK
D

ClKbar|CLk

A Bx| A
¢ —g=d

A By

=t
[Except sff in m{0)]

PRESET = GRESET
D = shown

CLK = 32

CLKbar = @2bar

Q = shown

Qbar = unused

PRESET = GRESET
= shown

CLK = @1

CLKbar = @1bar

Q = shown

Qbar = unused

nande/iny

ail shown

st

PRESET = GRESET
D = shown

CLK = B, above
CLKbar = C, above
Q = shown

Qbar = unused

PRESET = GRESET
D = shown

CLK = B, above
CLKbar = C, above
Q = shown

Qbar = unused

nor2/norg

all shown

(shift-
register)

(appena-
clock)

(X-latch)
(Y-latch)

(Qx-low)

(Oy-lo;é)

CZ»IMUOO

ZO—==-IOMG

[1,3]



—

i

rsff

A\

SUM Cy
bar bar

sfe | ]
o U

1
SUM Cy
bar bar

\\:?FF
-~ Q D

rsff

Qbar D

o—

st

PHESET = GRESET
= shown

CLK = 02

CLKbar = @2bar

Q = shown

Qbar = unused

fad

all shown

st

PRESET GRESET
= shown

CLK = 92

CLKbar = @2bar

Q = shown

Qbar = unused

fad

all shown

=t

PRESET = GRESET
D = shown

CLK = &1

CLKbar « @1bar

Q = shown

Qbar = unused

PRESET GRESET
D = shown

CLK = &1

CLKbar = D1bar

Q = unused

Qbar = shown

(W-hold.ps)

(csa-
levell)

(W-hold.sc)

(csa-
level2)

(W-latch.ps)

(W-latch.sc)

O—-mZI-4—-2p

ZO0—-=<0Omuop

{2,3]



4.1 Square-Root Unit (SS)

* Recurrence Operands

* Reglsters/Levels

OZrrImMmUVo

R =

Patterns

Z0—-—-A0my

2*R[J-1]

+ Z{4+])*27(-4)

+ 2°{(-d(})*DU-1] - 22(-(J+ 1)) d(})2}

Bit: Qd= [Dbar,1,1(+1),0,0,..,0]
Qd=[0,...,0,00+1,0,0,..,0]
Qd= [Dstar,1,1(+1),0,0,..,0]

Name

shift-
register

force-bit/
end-bit

D-clock

D-fatch
Dstar-tatch

Dstar-
clock

Qa-
multiplex

Qd-fow

Qz-hold

Type

rsff

inv/nore
nor2

nor2/nor2
inv

rsmuxff

rsmuxff
nor2/nor2
inv
nor2/mux

nor3/nor2

rsff

previous value of R[j] held in R-hold.ps /R-hold.sc
{Qz) value held in Qz-hold

2*(Qd}, where Qd is produced in the operand section and fed
into the arithmetic section with elements correctly positioned
above csa/latch structures to accomplish muit. by 2

dij) =1 = 10 1
dh=0=0]0 o
diy=-1= 0|1 1

| L=
dzm [non-binary, spec. detined)

Function

Traveling bit train (requiring logic to detect the end, unlike a bit pair):

m(i)bar/m(i+1) produce force(l) 1o force the low-order 2 bits of Qd high

s(i)bar/s(i+1) produce end(l) to mark where appending occurs by:

- re-directing the inputs to D-/atch/ Dstar-fatch in position j, via
their select lines, from the parallel load to the append input

- always enabling the clocks to D-/atch/ Dstar-latch in position
m(i+1)bar is used in Qd-multipiex to convent [D,0,...,0] to {Dbar,0....,0]
force(i) detects the end of the train to force the low-order 2 bits of Qd high:
end(i) detects the end of the train to enable the clocks to D-fatch/Dstar-fatch in

position j as well as re-direct their inputs for appending d0(j).hold to D-fatch
and doO(j)bar.hold to Dstar-latch

produces clock enable if either d1(j).hold=1 [load D-/atch from Dstar-latch] or
end(i)=1, then syncs to the &1 clock

stores the on-the-fly converted value of D[j]

stores the on-the-fly converted value of Dstar(j)

produces clock enable if either d2(j).hold=1 [load Dstar-fatch from D-latch] or
end(i)=1, then syncs to the &1 clock

my(i+1)bar convens [D,0,...,0] to [Dbar,0.,...,0], then Qdhat=[Dbar.0,....0] or
Qdhat=[Dstar,0....,0] is selected according to d1(j).latch

ORing logic using torce(i-1)/force(l) to force the low-order 2 bits of Qd high,
producing either Qd={Dbar,1,1}+1,0,0,...,0] or Qd=[Dstar,1,1j+1,0,0,...,0],
followed by kill logic which forces Qd=0 for do(j}.latch=0

holds over z(j) value produced by sum-of-squares unit for 1/2 cycle



R-hold.ps
A
R s
| E csa-levelt
T C R-hold.sc
H T
M
E g csa-level2
(l: R-latch.ps
R-latch.s¢
5
E s 3-2 reduce
L E
E C cpa
c T
T ) d-latch
i o
O N d-hold
N

» Converter Action
Cases: d(j) = 1
d(j) = 0

d(j) = -1

+ Decoding Logic - d(j) selection

Range:
Precision:

Qsel
Selection:
Table

Logic:
Expressions

rsff

fad
rsff

fad
rsft
rsff

fad/

inv.fad

fad

rsft/
logic
rsff

Table

1
0
0

dz(]) d1(j) do(})

0 1
0 0
1 1

holds over the partial-sum component of R[j-1] during the 4-2 reduction
torming R{j]

performs 3-2 reduction of Qz, 2°{Qd}, and R-hoid.ps

holds over the saved-carry compenent of R[j-1] during the 4-2 reduction
forming R[}]

performs 3-2 reduction of the outputs of csa-level1 plus A-hoid.sc
contains the panial-sum component of R[j]
contains the saved-carry component of R[j]

performs 3-2 reduction of R-latch.ps, R-latch.sc, 2(4+])*2A(-5)

performs 2-1 reduction of outputs of 3-2 reduce
decodes d(j) as d2(j).latch/d1(j).latch/d0(j).latch, then stores the result

holds over the d{j) vaiue produced above for 1/2 cycle.

Parallel Load Appended Bit
Dstar{j](0..}-1) <- D[j](0..J-1) DElU) <-1  Dstarj}(}} <- 0
no paralle! load DhI() <- 0  Dstar[j](j) <- 1

D[i}(0..]-1) <- Dstar(j}(0.J-1) DII) <-1  Dstar{jj(j) <- 0

Range {Qsel = Rhatstar[j]} = {-2.5,3.5], therefore 3 integer bits needed for selection
to 1/4's, therefore 2 fractional bits needed for selection

o 1 1 1 0 Qsel d(j) d2(fy di(j) do()
0 0 0 ¢ 1 >0 1 = 1 0 1

0 0 O ¢ 0

1 1 1 11 =-1/4 0 = 0 0 0
11 1 1 0

1 1 1 0 1 <-1/2 -1 = 0 1 1
10110

d2(j) = Qsel(-2)bar
d1(j) = Qsel(-2) * {Qsel(-1)bar + Qsel(0)bar + Qsel(1)bar + Qsel(2)bar}
do(j) = Qsel(-2)bar + Qsel(-1)bar + Qsel(0)bar + Qsel(1)bar + Qsel(2)bar



» Logic Block Reductions

Name Function Implementation
force-bit m{l) m(l)bar
m(i+1)} m(l+1)
force(l} force(i}
end-bit s{f) s(l)bar
s(l+1) s(l+1)
end(i) end(i)
D-clock d1{]).hold d1()).hold
and{l) end(l)
%] | CLK CLKbar Q1bar CLK CLKbar
Dstar- d2(j).hold d2{j).held
clock end()) end(i)
o CLK CLKbar J1bar CLK CLKbar
I_ d1(}).latch
Qd- DfJ-1](1) 0
multiplex m(i+1)bar QF— Qd(}hat
" 1 { = Q1) w/o 11]+1 pair)
Dstar{}-1)(1)
Qd-low force(l-1) force(l-1)
torce(l} force(l)
Qd(iyhat Qd(Hhat
do(j).latch Qdih) do{j)bar.lateh ad(h
d-latch d2(j) = Gsel(-2)bar
Qsel(-1)bar Qsei(-1)
Qsel{0)bar Qsei(0)
Qsel(1)bar g“:g;
Qsel(2)bar S8 a1
Qsei(-2) a1 Qsei(-2)bar W




Qsei{-2)bar Qsel{-2)

Qsel(-1)bar Qsel(-1)
Qsel(0)bar Qsel(0)

Qsel(1)bar Qsei(1)

Qsel(2)bar do(}) Qsel(2) do(j)bar

- Operation

At the beginning of the chip's operation, the GRESET signal is used to preset all latches to 0. It is
proper then to examine the operation of each section separately.

In the operand section, a bit train travels across the shift register such that position jcanbe
determined while leaving a marker on those positions already crossed. In force-bit, m(ibar/m(i+1)
are NORed {producing force(i)) to determine the position of the end of the train, and thus of the
low-order 2 bits of Qd, in order to force them to 1. In end-bit, s(l)bar/s(i+1) are NORed {producing
end(i)}, again to determine the position of the end of the train, and thus of where appending, rather
than loading, should occur in D-atch and Dstar-latch. Here, the inputs to D-latch/ Dstar-iatch are
re-directed via their select lines, from the parallel load to the append input, and a clock is forced for
the append operation. The clock logic tor both D-fatchiDstar-latch simply ORs the proper bit of di(j)
{d1(j).hold for D-latch, d2(j).hold for Dstar-latch) with the end(i) signal, and syncs this with the &1
clock. Next, in Qd-muttiplex, we form Qdhat by NORing B[J-1)(i) with m(i+1 )bar (hence the need
for a bit train), and select either Qdhat=[Dbar,0,....0] or Qdhat={Dstar,0,...,0} according to
dit(j).latch. Finally, in Qd-fow, we use the force(l) signal produced in every slice to force the
low-order 2 bits of Qdhat high, producing either Qd=[Dbar,1,1j+1 .0.0,....0] or
Qd=[Dstar,1,1j+1,0,0....,0}, and add kill logic which forces Qd=0 for do(j).latch=0.

In the arithmetic section, 2*{Qd}, Qz, and the partial-sum and carry-save components of R[j-1]
repeatedly undergo a 4-2 reduction to form R[). Since the range of Rhatstar{j] is [-2.5,3.5], three
integer bits are kept (in carry-save form) for the d(j) selection process. RI]] (minus its largest digit)
is routed back up to registers R-hold.ps/R-hold.sc after selection for computation of the next R[j].

In the selection section, 3-2 reduce performs a 3-2 reduction of R-latch.ps, R-fatch.sc, and
2(4+])*27(-5), cpa pertorms 2-1 reduction of outputs of 3-2 reduce, d-latch decodes d(j) as
d2(jyd1(j)/d0(j), then stores the result, and finally d-hold holds over the d(j) value produced above
for 1/2 cycle.



-2 Square-Root Unit (D Dafjbar
4.2 L ( S) (to DIV unit}
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L roff roff roff roff roff roff
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z1{j)bar

z2(])bar
20(j)bar
0

d2())bar.hoid

di{joar.latch
di(joarhold g0y, 0eem 2 1
do{j)bar.hold
do().hold d0{]).latch
( - ) (feedback)
t 4
B AC B AC
B
B AT/ B A 1
SUM ¢V sSuM Cv
bar bar par bar
|| [
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&=/ D
roff
— D
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D1[j]bar D2[fbar D3[]bar

{to DIV unit) {to DIV unit} {to DIV unit)
A 1 ) 2 A 3
roff roff roff
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t T T
B A C B AC B AC
SuM v SuM Cv SUM Cv
bar bar bar bar bar bar
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B AC B AC B AC
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Sum ¢V SUM v SUM v
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T
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D4[]]bar D5{j]bar Dé[l1bar
(to DIV unit) {to DIV unit) {to DIV unit)
‘ 4 5 6
raff roff raff
D ¢l r D G D G
Gbar Gbar Ghar
roff roff reff
A B D ¢ H A B D ¢ H A B D ¢ H
1 Gbar = Cbar F Char
| I [
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beiow below below below balow below
s s 15
— s 15 — s
Shar Shar Shar
DO G DO ¢ D0 G
—_ —xX —_
D1 DO ¢ DI D0, G DI DO ¢
+—s —— 5 S
Shar Shar Sbar
) ¢ T ) =
1 1 I ) 8 1 a |
A B[A B A B]A B LA 8]~ B
ctd cta B cH cta B S s L
! 1 | ! | ]
D11, _ ctk, CLKdar, DE-1j), __ clk. cLickr, Og-1K0, __ cLK, CLKbar,
above above above above above above above above above
Dstar(j-1J{i) = Dstar{j-1]()) Dstar[-11i)
3 3 ]

A B r—'] A B I_l A B I_'
¢c|Dioo ¢ ¢loipo ¢ ¢cloioo ¢
| I S | | [ U | 1 | S | |
LI il 11 - 11
1 T 1 1 1 1
ABCIA B ABc[Aa B ARClA B

cH ¢ cH ¢ cH ¢
4 5 6




3 4 5
P
rff rof f roff
=G Cl ¢ ol G
roff roff rof f
G D G D G o p—
k W\ k W\ k W\
ALY A ALY
B CA BCA B C A
1 [ 1 1 "
SuM Cv suUM ¢V SuUM ¢V
bar_ bar bar bar bar bar
roff roff roff
Ghar Crr Cbar D Ghar D
A 1 1
A C B— A C B A C B—
1 [ 1 1 [
SUM ¢V SUM ¢V SUM Cv
bzr bar bar bar bar bar
\\:ffr \\:frr \\:ffr
G D = D \ m B D
roff roff rsff
G DI G D] G ]
3 4 5

[2,3]



3 4
o
g
BAC B AC
! |
SUM Cv SUM v
bar bar bar bar
——
CB A=
SUM Cv
bar bar

[3:3]



D7 ]Ibar D8[]]bar
(to DIV unit) (to DIV unit)
7 8
4 i
roff roff roff SFIESET = GRESET
= § n
- CLK = 1
D ¢ © ¢ 8LKbﬂ; = O1bar
] . 3 = shown -
Ghar Gbar Ct;ar Qtarown (sh:_fr
register)
PRESET = GRESET
roff roff - "
R D G i A B b o H e aanar
A { ! =
T Q = shown
= Gbar F Gbar 0 Qbar = unused
[ |
Tt _ .
A B|A B A B[A B nvigr2/oor2 (end-bit/
- - i )
° 1 ¥ 191 5] °© 2 shown force-bit)
—_— Y -
1 | 1
A B[A B A BlA B nor2inorginy
et c+a B ¢t cta B all shown (D-clock) 0
] ] | l P
I | | E
CLK, CLKbar, CLK, Clibar, R
below below below below A
— Lsmuxit N
t L PRESET = GRESET b
bl D ! gb.ar shgwn
+—— s s CLK-C,above  (D-latch)
L {D3|6Kbar = B, above
Sbar Sbar 81 ES:OWﬂ s
g = Wi
Do G DO ¢ Obar = unused 3
I T_ X gnegs'r = GRESET |T
D1 DO G D1 DC G = shown
Sbar = shown (Dstar-latch) o
#_ CLK = C, below
S S CLkbar < B, baiow N
- W
Sbar Sbar o1 -
Q = shown
Qbar = unused
_ﬁ
1 T .
~{ A BJA B A B[A B .
c+H c4a B cH cda s alt shown (Dstar-ciock)
| | § |
DU-1K). _ UK, CLKdar, DI-110). _ oLk, cukdar,
above above above above above above
Dstar(- 1)) Dstar]-1() Dec/mux
i : S = di(j).latch (b
|_I ,_J Sbar = d1()bar.atch (b) (Qd-
A B A B D0 = shown multiplex)
ClDIDO ¢ ?_ DIDO G g‘-sfwn
- } J Qbar = unused
— 1 — t
ABClA B ABCIA B all shown {Qd-low)
c4d C ol ¢
| |
[1,4]
7 8 ’



SUM Cv
har bar

rsff

by

)
SUM Cv
bar bar

He

rsff
O\D

Qbar D —]
=

BCA—!

rsff

PRESET = GRESFT
D = shown

K=
Cikoar o1bar  (QZ-h0IG)

Q = shown
Cbar = unused

csff

SF!ESET = GRESET
= W _
CLK = 21 (R-hold.ps)
CLKbar = @1har

Q = shown

Qbar = unused

fad (csa-
all shown level1)

st
BFIES?%T = GRESET
= m X
CLK = @1 (R-hold.sc)
CLKbar = @1bar
Q = unused
Qbar = shown

fad (csa-
all shown level2)

osff

PRESET = GRESET
D = shown

gliKlm;?E B2bar (R-latch.ps)
Q = shown

szar = unused

PRESET « GRESET
= shown

CLK =22 3
CLKbar = @2bar (R-latch.sc)
Q = shown

mr = Unused

[2,4)

O——1MmMETT—"A—-—T>

ZO—-—-OMmM®



[nv.fad/fad

all connections shown

(3-2 reduce)

fad
all connections shown (CP a)

Lsft/logic

II;FlEShET = GRESET

= shown
CLK = @1 (d-latch)
CLKbar = @1bar
Q = shown
Qbar = shown
logic = all shown

ZO==0Omr-rmw
ZO—=-0Omeo

PRESET = GRESET

KBy

CLKbar = @2bar {d-hold)
Q = shown

Qbar = unused

[3.4]



5.1 Division Unit (SS)

* Recurrence Operands

* Registers/Levels

OZ>rImMmuO

O—Hsz-l—ﬂb

Wil= 2°P-1]
+ {~d(i)*S{j-1])
Pll= Wi
+ {-s(j)"O(il}

Patterns

Z0—=-0Omn

Z0—-<“0muy

Qd= [Dbar,1,..,1
Qd= [0,0,..,0,..
Qd= {D,0,..,0, ..

Name

shift-
register

S-clock

S-latch
Sstar-latch

Sstar-
clock

Qs-
multiplex

csa-levelt
W-iatch.ps
W-iatch.sc

Qd-
multiplex

csa-level2

Bit: Qs= [Sbar,1,..,1,..
Qs= (0,0,..,0, ..
Qs= [S,0,..,0,..

nor2/nor2
inv
rsmuxff
rsmuxff

nor2/nor2
inv

inv/mux
nor2

fad
rsif
rsif

inv/mux
nand2

fad

1] ai) = 1 =

pravious value of P[] held in P-latch.ps 1P-latch.sc

{Qs} value produced directly above the arithmetic section;
no shifting of the resulting Qs is required

WI[i] vaiue held in W-fatch. ps /W-latch.sc

{Qd} value produced in arithmetic section directly above
-latch.ps/P-latch.sc

(1 inserted at far right of csa-fovell)

dj) = 0 =

aQ) = -1 =

-4 O -

110
¢lo
011

=Y
l~ ::ﬂ [non-binary, spec. dsfined)

1] $) =1 = 1|0 1 (1inserted at far right of csa-level2)
sf)=0=0]0 o
s =-1= 0|1 1

L ;i{, {non-binary, spec. defined)

Traveling bit pair: m(l) is used to set a flip-flop in slice #1 (controliing cloacking
of P-latch.ps/P-latch.sc; 8(l) is used for two purposes:

- re-directing the inputs to S-latch/Sstar-lateh in position j, via
their select lines, from the parallel load to the append input

- always enabiing the clocks to S-latch Sstar-latch in position j
produces clock enable if either s1 (i)=1 [load S-latch from Sstar-fatch) or
s{i)=1, then syncs to the B2 clock
stores the on-the-fly converted value of L1
stores the on-the-fly converted value of Sstar[j]
produces clock enable if either 82())=1 [load Sstar-latch from S-latch) or
8(I)=1, then syncs to the @2 ciock

Qs=[Sbar,1....,1) or Qs=[S,0,...0) is selected according to d1{j).hold, followed
by kill logic which forces Qs=0 for do(j).hold=0

Function

performs 3-2 reduction of P-latch.ps, P-latch.sc, and Qs
contains the partial-sum component of WIj] for the 3-2 reduction forming P[j}
contains the saved-carry component of WI[j} for the 3-2 reduction forming P[j]

Qd=[Dbar,1,... 1] or Qd=[D,0....,0] is selected according to s1(j), followed by
kill logic which forces Qd=0 for 80(j)=0

performs 3-2 reduction of W-/atch.ps, W-latch.sc, and Qd



P-enable
P-clock
P-iatch.ps
P-latch.sc
s —————
C S 32educe
E c
cT cpa
L
1 o s-latch
O N
N

nor2/inv/rsff
nand2/nand2

nand2/inv

muxif

rsft

fad/

inv.fad

fad

rsfi/
logic

» Converter Action Table

Cases: () =1 = 1]0

) ~ 0 -

s() =-1= 01

Decoding Logic - s(j) selection

Range:
Precision:

Qsel
Selection:
Table

Logic:
Expressions

82(]) s1(]) s0())

1

0jo o

1

produces clock enable for the initial load of P-latch.ps (ENABLE synced to
©1); thereafter produces the clock snable for the entire P-latch (synced to ©2)
beginning at the appropriate cycle of the unit's operation

inttially loads Qh=h*2A(-3}; thereafter latches the partial-sum component of Plj]

contains the saved-carry component of Pfj]

performs 3-2 reduction of P-/atch.ps, P-latch.sc, & Qsign=-{1-sign(d(j))}*2A(-3)

performs 2-1 reduction of outputs of 3-2 reduce
decodes $(]) as s2(Jys1(j)/s0()), then stores the result

Sstar{])(0..]-1) <- S[)(0..}-1)

SHI(0..)-1) <- Sstarfj](0..1)

Parallel Load

no paraliel load

Appendeqd Bit

SUI0) <-1  Sstarfj)(j) <- 0
S[Ij) <-0  Sstarfj](j) <- 1

St <- 1

Sstar{jl() <- ¢

Range (Qsel = What[j]} = [-23/8,+23/8), therefore 3 integer bits needed for seiection
to 1/8's, theretore 3 fractional bits needed for seiection

(i)

1

0

-1

82() s1() s0()

1 0 1
0 0 0
0 1 1

Qsel(-2)bar * bar{Qsel(-1)bar * Qsel{0)bar * Qsel(1)bar * Qsel(2)bar}

0 1 ¢ 1 1 1 Qsel

6 0 00 1 1

0 0 0 0 1 0 21/4

0 0 0 0 0 1

0 0 0 C 0 o

1 1 1 1 1 1 [-1/4,1/8]

Tt 1 1 1 1+ 0

1 1 1 1 0 1 R

L I | 1 0 0 <38

1 110 0 1
82(j) =

= Qsel(-2)bar * {Qsei(-1) + Qsel(0) + Qsel(1) + Qsel(2)}

s1() Qsel(-2)* bar{QseI(-1) * Qsel(0) * Qsel(1)* Qsel(2)}

Qsel(-2) * {Qsel(-1)bar + Qsel(0)bar + Qsel{1)bar + Qsel(2)bar)
80()) = s1()) + s2(j) = bar {s1(})bar * s2(j)bar}



- Logic Block Reductions

Name

S-clock

Sstar-
clock

QOs-
multiplex

Od-
multiplex

P-enable

P-clock

s-fatch

Function Implementation
s1() 81()
0 o(l)
22 CLK CLKbar Q2bar CLK CLKbar
82()) 82())
) o)
22 CLK CLKbar @2bar CLK CLKbar
[~ d1()hold [~ d1(>hold
S{-11(0) —-Do—-o S Dc o ¢
1 @ 1 e
do()).hoid 9s() do(j)bar.hotd 98()
— s — s
1} = 1) =
DUXI) -Do—? o l: DUKN -Do—? o
.od) Qd()) soq)  Ocl)bar
rsff
mm% D @ |A B p-enable
ENABLE ENABLE
o1 21
p-enable p-enable
o2 B2
CLK CLKbar CLK CLKbar
Qsei(-1) Qeel-1)
Qsei0) Qsel(0)
Qsel1) Qsek1)
Qsel(2) Qsel(2)
asei-2)  *2) Gaok-2) s2(])oar



Qsel(-1)bar
Quel(0)bar

Qeel(1)bar
Qael(2)bar
Qeek-2) %10

s1())
58D o

» Operation

Qsek-1)bar
Qsel(0)bar

Qsel{1)bar
Qsel(2)bar

Q““'Z) .1(])bar

st()bar .
s2()bar -_-D3" ()

At the beginning of the chip's operation, the GRESET signal is used to preset all latches to 0
(except for m(0) of shift-register, which is set to 1). It is proper then 1o examine the operation of

each section separately.

In the operand section, a bit pair travels across the shift register such that position jcan be
determined. m(1) is the only master output used in the unit - its function is to set a flip-flop in

S-latch and Sstar-latch. Their inputs are re-directed via their select lines, from the parallel load to
the append input, and a clock is forced for the append operation. The clock logic for both

S-latch/ Sstar-latch simply ORs the proper bit of 8(]) {81(]) for S-/atch, $2()) for Sstar-latch) with s(i},
and syncs this with the @2 clock. Next, in Qs-muitiplex, we form Qs by selscting either
Qs=[Sbar,1,...,1] or Qs=[S,0,...,0] using d1(j).hold, and finish with kill logic which forces Qs=0 for

d0(j).hold=0.

In the arithmetic section, Qs and the partial-sum and carry-save components of PfJ-1] undergo a
-2 reduction to form WIj]. Since s()) is produced at the same time, it is available for usein

Qd-multiplex to torm Qd. This is done by selecting either Qd=[Dbar.1,...,1] or Qd=[D,0,...,0] using

81(}), following with kill logic which forces Qd=0 for 80(j}=0. Finally, Qd and the partial-sum and

In the selection section, 3-2 reduce performs a 3-2 reduction of P-latch.ps, P-latch.sc, and
Qslqn--{1-sign(d(j))}'zﬂ(-a). cpa performs 2-1 reduction of outputs of 3-2 reduce, and
s-latch decodes s(j) as s2(j)/s1 (Jv/s0(j). storing the resutt.




5.2 Dlvislon Uni} (DS)

DOf]]bar, D1[j]bar
(from SQR unit)

-6 -5 -4 -3 -2 -1 o , 1
sff roff rsff roff roff roff roff roff
I—D [—O D m—¢ D ra D G D r—a G D G D G
0 Ghar
roff roff roff roff roff rsff rsff roff
[ G DJ Q D= G D D - Q G D G D ¢
Gbar
|
s1())bar m{t)bar
2 {feadback) —
| S | {
t 1 —~ A BlA B
AB|lA B BA|lAaB]|B A cH c¢+a B
] i
CL'K. CLK!:I;ar.
30())bar below below
(fesdback) —1 ]:
1 D1
A B
S
Sbar
50() 0o ¢
(feedback) 10 L X
r DI DO G
A B
S
Shar
s2(j)bar
{feecback)
o)
2 ¥ f
B 1A B|A B
‘A'BlA B ¢+ cta B
: I ]
— SR cllk, CLKiar,
S[-1]=0;S[-1]bar=1 [ S[0]=0,S{0jbar=1 above  above above
do(jL.hold s
di(j)bar.hold = 10 s8lRClS T
d1{f).hold - —+A B A B —rA B
b S P D100 Qaw C D1DO Qua C A B IDIDC Gou C
A AB | | 0
m(1},
below -1 0 . 1

,1]



®
CB A CB A CB AT
[ . —_ | I
o 1
SUM ¢Cv SuUM Cv SUM Cv
bar bar bar bar ar_har
rsff reoff reff
Q=D Q=7 )
roff rsff roff
¢ D ——] G D G L pP—
\J_J s
Df-1]=0;D[-1]bar=1 ——
sO(bar ..,
si(j)bar =~ 10 selects T T
sy = 4 —A B ~—TA B —tA
L - B
(feecback) b D100 ¢ ¢ AB|DiDO G ¢ A B|DIDO G ¢
A B|lABlAB
Q's Qs
' [ above I [— above
CB A f|—'h CB A ,T A B C=
L) o
SUM Cv Sum Cv SuM ¢V
bar bar bar bar bar bar
1 T T
ENABLEbar . buffer DO, below Do below L 50 below
1bar buffer
1 o F: | S | buffer
m(1},
above raff
L > A B{A BlA B A B|lA BlA B
AB D G| T ol ¢+ /c+a s ol c/cta B
1A B —A"B |
cLk ctkvar]  TTT ek cLrbar CLK CLKbar
— QD0 D1 fen 9~ G DO D1} = G LO DI fm
| | 1 1
CLK CLKbar CLK Ct.Kbar CLK CLKbar
G D '—J L—— Q D Q D
I rsff roff roff
l Oh(-1) =0 Oh(o) = 0 Qh(1) =0
-1 (1] 1

[2,1]



“(f).hoid

82())bar

s1(])bar -2 -1 4] .
s1{))
80{)bar
s0(j)
(feedback)
T+ T T
B AC B AC B AC
A B A“—l—l B A4———
SUM ¢y SUM Cv SuM v
bar bar bar bar bar bar
| 11 [
B AC B AC B A C
L | -
- | - |
— A= SUM Cv B a==S5SUM Cv B A< SUM Cv
l_ bar bar bar bar bar bar
of f
Bl]A B J\ B B D
N CH C C1T7 r—— a4
‘——-/ Gbar G

B



D2[jjbar

D3{]1bar

D4[|lbar
(from SQR unit) {from SQR unit) {from SQR unit)
A 2 I A 3 4
3 reff T reff roff
B A r C r—a B A D — G B A D r—a
J rsff roff roff
D G D~ ¢ D—'J ¢
s2[i], Gbar S3[j, Cbar Gbar
below ] below I 1
. § Y -
] ! 1 1
A BJlA B 1A B{A B A BJlA B
¢ ct+a B ¢t c+a B ¢t cda B
] ] 1 | | ]
CI!K, CLKbar, CI!K, CLKbar, CI!K, CLKtiar,
below below below below below below
L D1 L D1 L D1
S S S
Sbar Sbar Sbar
00 G DO ¢ DO G
LD] 0o ¢ LD1 LC ¢ Lm DO ¢
) S S
Sbar Skar Shar
T T T
— A BlA B —1A BjiAa B —~ A B[A B
cH c+a s ¢t c+a B ¢+ c4a 8
i | | | ] |
~ SET0  clk, cukdar, — S0 colk, cLkdar, SEAI)  CLK, CLKbar,
above  above above above  above above r above  ahove above
A B ~TA B A B
A B |D1DO Qos C A B IDI1DO Guu C A B IDIDO Gy C
W S— | I I | | N E—|
2 3 4

[.2]



2 3 4
CB A CB A CB AT
L [ | L
1 L F
SUH Cv SuM Cv Sur Cv
bar bar bar bar bar bar
roff roff roff
G20 G =D G0
roff roff roff
G D G D G D
~LU J.../ L
—rA B —TA B ~tA B
81 Dt00 G C A B DIDOC C B|DIDO G C
Qs Qs Q's
above ] I above - l above - I
’[-‘\ A E) C - T A B C_ ™ A B C_
1 o 1
suUr ¢v sSUr Cv SuM Cv
bar bar bar_bar bar bar
DO, below DO, below DO, below
A BlA B A BlA B A B|A B
cH/cta B cH /cta s ¢ /cta 38
] | | ]
J— ] 1 |
CLE CLKbar CLK CLKbar CLK CLKbar S4(j],
above
9~ C DO D1 |oy G DO DI =1 G DO D1
| | I i | |
CLK CLKbar CLK CLKbar CLK CLEbar
——] = O D == G D l o m K D H—
rof f roff rof f
Qh(2)=0 Qh(3)=0
2 3 4 v
Qh{4) = hs1

[2,2]



2 3
t * T
B AaC B AC B AC
B AT | ' B A 1 ]
SUM ¢V SUM ¢V SUM Cv
bar bar bar bar bar bar
11 [
B A ? CBA I
— - |
A== SUM CVv - -+ SUM Cv
& bar bar B A bar bar
sff roff
A B BlAa B Blo _ o
ot/ ecH o BlAB el —~ AR
Qbar Q Lo A R { Gbar @
| |
|
D, left

s1(f)

To
Pads

[3.2]



DSs[j]bar Dé&[[)oar D7{J)bar
{from SQR unit) {from SQR unit) (from SQR unit)
5 6 I 7
roff 1 roff i rsff
B A D r—a 8. A D -G B A D r—a
roff raff J roff
o~ ¢ p— o— QP D e —
Ghar Gbar Gbar
] ] ]
T T 1
—~A B|lA B — A BJA B A B|A B
¢t cta B ¢t cta s ¢4 ct+a B
| ] ] | l |
CI]K. CLKt!ar. CI!K. CLK!:{»ar. CLIK, CLKt!ar,
below below beiow below below below
L D1 L o1 L D1
S S S
Sbar Sbar Sbar
Do G DG ¢ DO ¢
LDI DO ¢ LD] DO G LD1 DI
S S S
Sbar Sbar Sbar
1
T T | T
1A BJ1A B —{ A B|]A B -1A B8]lA B
¢t octa s ¢! cta B o O N
| L L ] = ]
— S0 oLk, CLibar, — SO clk, cukbar, SI-1I) oLk, CLkar,
above  above above above  above above above  above above
—A B ~TA B A B
A B |ID1DO Qo C A B [D1DO Cua C A B |DI DO Gu C
| S | | e

1.3]



5 6 7
CB A CBA CB AT
L — —_
L . L]
sUM Cv suUM Cv SUM ¢V
par bar par bar bar bar
rsff roff raff
¢=0v ¢t—0D ¢bt—D
roff roff raff
Q o o D G D pP—
\_j/ \J_I S
__
~tA B TA B —TA B
B| O1DC ¢ C Bl DIDO G C - Bl DiDO G C
Q's Q's Q's
above -/ | above —/ | above —/ |
,I—T A B C— ,[-—\ A B C—H Tr A B C—
L L 1
suUM Cv surM ¢v SuUr Cv
bar bar bar _bar har bar
N DO, balow 00, below N DO, below
-3
I N 1T
A BlA B A BJA B A A BJlA B
¢+ /cta B cH /cta B cH /A B
CLK CLKbary  ss(j, CLK CLKbar|  sg), CLK CLKbar|  s7(i],
above above above
= C DO D! o T—C'DODi- 8~ G DO D1 |
| | ] 1 | |
CLK CLKbar CLK CLKbar CLK CLKbar
Q L 4= Q D G O o o
reff rof f roff
5 v 6 v 7 v
Qh(5) = hs2 Qh(6) = hsl Gh(7) = hs4

[2,3]



inv.laditad

all connections shown (3-2 reduce)
s
E 8
L E
tad E C
all connections shown (C,D a) $ T
! o
O N
N
sttlogic
SREShET = GRESET
= Shown
CLK = O (s-latch)
CLKbar = G1bar
Q = shown
Qbar = shown

logic = all shown

(3,3]



De(j]bar

{from SQR unit) D{9)bar = 1 D[10]bar = 1
8 g 10
i reff { roff 1 roff
B A D r~—=¢ B A D — ¢ B A D m &
roff roff roff
DJ G p— p— ¢ — 0~ ¢ b—
Gbar Cbar Gbar
] ] )|
T 1 1
s~ A B|lA B A BJA B 1A BlA B
¢+ ct+a B c+ ¢c+a B ¢+ c4a B
| | | | | |
CI!K, CLKbIar. CLiK, GLKbar, CEEK, CLthar,
below below below below below below
L D1 L D1 L D1
S ) S
T Sbar T Sbar Sbar
DG ¢ D0 G DO G
LDI DO G LD] DC G Lm Do ¢
5 S s
Shar Shar Sbar
— —1 -
T ? I 1
— A BJ]A B — A BJ{A B — A B|A B
¢+ c+a B cH cta B ¢t cta B
] | { L | | |
— SN0 ok, cLkdar, ~ Si0  clk, cukdar, —  SU-110) CI!K. CLKSar,
above  ahove above above  ghove above abtove ahovg above
A B A B —tA B
A B IDIDO Gu C A B |DIDO Gow ¢ A B |DIDO Gow o
[ I [ [ B
8 9 10

.4]



8 9 10
CB A CB A CB AT
—_ | I— L
1] 1 1
SUM Cv sSUM ¢y S Cv
bar bar bar _bar 0Dar bhar
raff roff roff
G =D gQ=—70 G =D
rsff roff roff
G L G L G DrH—
JJ, L oL
—+A B —tA B —TA B
B ) DIDO G C ~ A B DIDO G C Bl DIDO ¢ C
Q's Q's
above =™ l above - I above | 1
TT A B CH ]| A B C ) ABCm
1 L] 1
SUM ¢V suM ¢V SUM Cv
bar bar bar bar bar bar
. DO, below DO, below DO, below
.-_F
A B|lA B A BIH{A A B A A BJlA B
¢ /cda B ¢ cH/cta 8 cH/cta
i i |
I S
CLK CLKbar s8], CLK CLKbar SRR CLK CLKbar S10[j),
above above above
¢ ¢ DO DI k= b C DO DI fn ¢4 G 0O D1 fon
I | | I
CLX ClKbar CLK CLKbar CLK CLKbar
G O o o ~ ¢ bl = G D =
roff roff roff
8 9 10 V
Qh(8) = hs5 Qh(9) = hs6 Ch{10) = hs?

[2,4)



D{11]bar = 1

Ghar

D__i ¢ —

=

A
¢+ cta 8

!

— O @
1

CL!K, CLKt!ar.

below balow

e

S

Shar

Q
L.

TA B
}

S[i-1]6 CLIK. CLKt;ar.
above  ghove above

—_ d1{j).hold

B |D1 DO Qau
[ I S—|

A

I
~tA B
C
i

11

—————— "y O

wsfl
[Except sff in m{-6)]

PRESET = GRESET
D = shown

CLK =22

CLKbar = @2bar

Q = shown

Qbar = unused

PRESET = GRESET
D = shown

CLK = &1

CLKbar = @1bar

Q = shown

Qbar = shown

alf shown

csqudt

PRESET = GRESET
S = shown

Shar = shown

CLK = G, above
CLKbar = B, above
DO = shown

D1l = shown

Q = shown

Obar = unused

PRESET = GRESET
S = shown

Sbhar « shown

CLK « C, bglow
CLKbar = B, below
Do = shown

D1 = shown

Q = shown

Qbar = unused

nor2/nQraAny
all shown

Inv/mux/nor2/(nor)

S = di(j).hold

Sbar = di{j)bar.held
DO = shown

Dt = shown

Q = unused

Qbar = shown

{shift-
register)

{S-clock)

(S-latch)

(Sstar-fatch)

(Sstar-clock)

(Qs-
muiltiplex)

OZPrOD2mMUOVO

ZO0——HOmw

[1,5]



11

ACEB
b +—0
r
suM ¢v
bar bar
roff
g b=—7D
biank
A1)
si(jibar
—rA BJlA B
A BIDIDCG] —C C
Q, from above—l
I | S cv
bar bar
~ DO, beiow
A BlA B
cH /cta 8
] K CLK CLEbar st1(),
above
+— G DO D pm
1 1
CLK CLKbar
reff
1
Qh(t1) = hs8

fad

all shown

rsff
PRESET = GRESET

CLKbar = @1bar
Q = shown
Qbar = unused

PRESET = GRESET
= shown

CLK = &1

CLKbar = & 1bar

Q = shown

Qbar = unused

lny/myuxnand2

S= S‘(j)

Sbar = s1(j)bar
DO = shown
D1 = shown

Q = shown
Qbar = unused

fad
all shown

f i=1)ogi

PRESET = GRESET
D = shown

CLK = ©1

CLKbar = @1bar

Q = shown

Qbar = unused

logic = all shown

muxft

S = ENABLE

Shar = ENABLEbar
CLK = C, above
CLKbar = B, above
DO = shown

Qbar = unused
isff

PRESET = GRESET
D = shown

CLK = C, above
CLKbar = B, above
Q = shown

Qbar = unused

{csa-
fevell)

(W-latch.ps)

(W-latch.sc)

(Qad-
muitiplex)

(csa-
level2)

(P-enable/
P-clock)

(P-latch.ps)

(P-latch.sc)

O——-mMZTXA-Tp

Z0—-——-0Omuw

[2,5]



+ Cell Summary

Cell

inv.mag

nandz2.mag

nand3.mag

hor2.mag

nor3.mag

mux.mag

fad.mag

inv.fad.mag

dff.mag

rstf.mag

stf.mag

muxff.mag

rsmuxff.mag

6.1 Standard Celis(SS)

logic

math

tiip-flop

Size (Hxw)
47x16=752

47x25=1175

47x33=1551

47x25=1175

47x33=1551

75x53=3975

87x56=4872

87x20=1740

61x40=2440

68x48=3264

68x58=3944

103x61=6283

110x6927590

S,8bar
DO,D1
Q,Qbar

AB.C
CYbar
SUMbar

A
B

D
CLK,CLKbar
Q,Qbar

PRESET

D
CLK,CLKbar
Q,Qbar

PRESET

D
CLK,CLKbar
Q,Qbar

S,Shar
DQ,D1
CLK,CLKbar
Q,Qbar

PRESET
S,Shar
D0,D1
CLK,CLKbar
Q.,Qbar

Descriol

input

_output

inputs
output

inputs
output

inputs
output

inputs
output

selects
inputs
outputs

inputs
output
output

input
output

data input
clocks
outputis

reset
data input
clocks
outputs

preset
data input
clocks
outputs

selects
data inputs
clocks
outputs

reset
selects
data inputs
clocks
outputs



muxshift.mag shift 117x100=11700 S,Sbar selects
, shiftin0, D1 inputs

CLKM,CLKMbar master clocks
CLKS,CLKSbar slave clocks
QM,QMbar outputs
QS,QSbar outputs
shiftout {(=Q1S)

rshift.mag 82xB8=7216 PRESET reset master
shiftin shift input
CLKM,CLKMbar master clocks
CLKS,CLKSbar slave clocks
QM.QMbar outputs
QS.QSbar outputs
shiftout (=QS)

sshift. mag 82x98=8036 PRESET preset master
shiftin shift input
CLKM,CLKMbar master clocks
CLKS,CLKSbar slave clocks
QM QMbar outputs
QS,QSbar outputs
shiftout (=QS)

buft.mag butfer 47x25=1175 A input
B output

« Assumptions

1. The mobility of a p-transistor is given approximately by:
mu(p) = (1/2 to 1/3) * mu{n)

The current drive capability of a transistor is directly proportional to the mobility and the WL ratio in the
channel (under the gate), given by:

i(p) => mu(p) * W/L(p)
1(n) => mu(n) * W/L(n)

Therefore, the W/L ratio of p-transistor tree (the "p-tree") in any cell must be adjusted with respect to the WiL
ratio of the n-transistor tree (the "n-tree”) in order for both to provide equivalent current sourcing and
sinking capability, and hence equivalent rise and fall times. In most cases, the determination of a tree's
equivalent W/L must be made on a cell-by-cell basis, because the series/parallel connection of each
type of transisior has an effect on the equivalent W/L for the entire tree.

2. An approximation to equivalent drive capabilities is achieved by maintaining a ratio of 2:1 between the
equivalent W/L's of the p-type and n-type trees:

equivalent W/L of p-tree
equivalent W/L ¢f n-tree
The purpose of this is to compensate for the lower mobility of the p-transistors, making the p-tree as capable
of sourcing current (pulling the output high) as the n-tree is capable of sinking current (pulling the
output low). Rise/Fall times are thus made equal.
3. WL equivalences are computed similarly to resistance equivelances. For instance, for two transistors in

series, the equivalent W/L ratio is HALF that of a single transistor. Equivalent W/L's for transistors in
series and parallel are given by the following formulas:



Series: W/L(equiv}) = ===—————m—meee oo
L/W (lst) + L/W (2nd) + ...

Parallel: W/L(equiv) = W/L (1st) + W/L (2nd} + .

Quick Rule: For series transistors, if the numerators
are the same, simply add denominators and
place under the numerator (a hack)

For parallel transistors, if the denominators
are the same, simply add numerators and place
over the denominator (add as fractions)

Special Case: See note (4) below {111

4. In the case where 1 or more transistors (of either type) are in PARALLEL, we should consider the W/L of a
SINGLE transistor, rather than the equivalent W/L of all transistors in parallel, in calculating the 2.1
ratio. This is because, in the worst case, only one of the transistors may be on, and thus have to
source/sink all the output node current itself.

5. Finally, one must consider the effects of the increased gate capacitance of any cell whose p-transistors are
scaled to produce a 2:1 WL ratio between the trees. Since gate capacitance comprises the bulk of
the load on any p-transistor trying to raise an input to a scaled gate, a compromise must be reached
between scaling to 2:1 to increase p-transistor drive versus the speed loss due to the increased gate
capacitance. Simulation shows that a rather flat optimum exists at a ratio of about 1.5:1. This was the
tree-to-tree ratic selected for our cells.

* Limitations

Any flip-flop which is preset-able, including rsff, sff, rsmuxtf, rshift, and sshift is subject to certain TIMING
ANAMOLIES. These anamolies involve the behavior of the Qbar output during the moment in which
BOTH the GRESET signal and the ciock 1o that flip-flop are high. See the separate design sheet for
details.



6.2 Standard Cells (DS)

* Logic Cells
< b dudd
S c .,
B c _|¢
puftmag A
' B
nand2.mag _{ _“:
nand3.mag ' _":
nor2.mag * _4 nor3.mag A '4E?
° . 5 4
= s ¢ <[ i
A B_":l c_"#
e
D -4 Do _4

mux.mag 4
Sbar ]
-4 -4 Qbar ﬁ Q

s [, sour| Lai
D1—| ’

oo




* Math Ceils

inv.csa.mag
* "
c
4 *
tad.mag A4 8 Ao
(carry stage)

A

A-qr_JLHr_}' oL, 54
[
oG

CYbar

¢

. e '—I-i‘-’—IEI .

(sum stage) A




* Flip-Flop Cells

D —q

CLKbar _4 é

CLK -4

CLK _.l | CLKbar -4

dif.mag D —| _—|

o —4CL
CLKbar _4[:._‘

—
b— CcLK _4|:

rsff.mag 0 "li-

0 ——«n:j
CLKbar —g a k- tl_—"" CLK _4;

CLK _||: _."'::5 CLXbar _|E

PRESET

CLK _|
sff.mag D —I _l




muxif.mag
D1 Do
CLKbar [ CLKbar — F_‘" CLK 4
oLK CLK CLKber |
s Sbar | S
D1 Do —f

rsmuxff.mag
b1 4 Do
Sbar -4 8 §4
ClKbar —q CLKbar —q p— CLK -
CLK | CLK E: 5}_ CLKbar —
-] _I Sbar _l

D1 _4 Do —l PRESET



xshift.mag

shiftin0 -41 D1 —4
s _4 Sbar -.1 | 4
CLKMbar—{[ " CLKMbar—q I:‘j CLKM CLKSbar—d
CLKM CLKM CLKMbar—] 1 cLKs
Sbar —| s - | l
shiftin0 | D1 | =
rshiﬂ.mag -
shiftin —q — —q
CLKMbar—4 |>— CLKM ‘4 CLKSbar—q
CLKM [ CLKMbar—| CLks |
shiftin —-”: ———] —
PRESET
—gie
sshift.mag
shiftin | 1 ——
CLKMbar—d B - EF CLKM CLi@ter~
CLKM | H [cLxmbar CLKS |
shiftin —| | — —
. o . PRESET

—

E? CLKS —4

E"—-_. CLKSblr_l
—
CLKS

:?

—
é CLKS —4
CLKSba r—-|
i -
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6.4 Standard Cell Layout Plots (DS)
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7.1 Standard Cell Esim Results (SS)
« Cell-by-Cell Qutput

Logic: inv.mag
>01A
>10:B

nand2.mag
>0011:A
>0101.B
>1110:C

nand3.mag

>00001111:A
>00110011:B
>010101901:C
>11111110:D

nor2.mag
>0011:A
>0101:B
»>1000:C

nor3.mag

>00001111:A
>00110011:B
>01010101:C
>10000000:D

mux.mag
>0000000011111111:S
>0000111100001111:D0
>0011001100110011:D1
>0000111100110011:Q
>1111000011001100:Qbar

Math: fad.mag
>00001111:A
»>00110011:B
>01010101:C
>11101000:C¥bar
>10010110:SUMbar

inv.fad.mag
>01:A
>10:B

Flip-flop: dif.mag
>001100000011000000110000001100:CLK
>111111000000001111111111111111:D
>XX1111111100000000111111111111:Q
>XX0000000011111111000000000000:Qbar



rstf.mag
>000000110000001100000000000000:PRESET
>001100000011000000110000001100:CLK
>000000111111111111111100000000:D
>XX0000000011110000114111110000:Q
>XX1111111100001111000000001111:Qbar

st.mag
>000000110000001100000000000000:PRESET
>001100000011000000110000001100:CLK
>111111000000000000000011111111:D
>XX1111111100001111000000001111:Q
>XX0000000011110000111111110000:Qbar

sfl.a1 (anomeoly for phit)
>001111111100000000111111110000:PRESET
>001100000011000000110000001100:CLK
>000000000000001111111111111111:D
>XX1111111100000000111111111111:Q
>XX1100000011111111000000000000:Qbar

sff.a2 (anomoly for phi2)
>0000001111111100000000111$11110000.:PRESET
>0011000000110000001100000011000000:CLK
>0000000000000011111111111111111111.D
>XX00001 1111111111111 1111111111111:Q
>XX11110000110000000000000000000000:Qbar

muxtf.mag
»>011000000110000001100000011000000110:CLK
>000000000000011111111111111110000000:S
>111110000000011111111000000001111111:D0
>000001111111100000000111111110000000:D1
>X11111111000000000000000011111111111:Q
>X00000000111111111111111100000000000:Qbar

rsmuxtf.mag
>00110000000000000000000000000000000000000:PRESET
>00000011000000110000001100000011000000110:CLK
>000000600000000000011111111111111110000000:8
>11111111110000000011111111000000001111111:00
>00000000001t11111100000000111111110000000:D1
>XX000011111111000000000000000011111111111:Q
>XX111100000000111111111111111100000000000:Qbar

Shift: muxshift.mag
>011000000110000001100000011000000110:CLKM
>000001100000011000000110000001100000:CLKS
>000000000000011111111111111110000000:S
>111110000000011111111000000001111111:shiftin0
>000001111111100000000111111110000000:D1
>X11111111000000000000000011111111111:QM
>X00000000111119111111111100000000000:QMbar
>XXXXX1111111100000000000000001111111:QS
>XXXXX0000000011111111111111110000000:QSbar



Buffer:

rshift. mag
>01100000011000000110000001 1000000110:CLKM
>0000011000000110000001 1 0000001100000:CLKS
>00000000000001 1000000000000001100000:PRESET
>111111111111111111111000000001111111:shiftin
>x11111111111100001111111100000000111:QM
>X00000000000011110000000011 1 11111000:QMbar
>XXXXX1111111100000000111 111110000000:Q$
>XXXXX0000000011111111 000000001111111:QSbar

sshift.mag
>01100000011000000110000001 1000000110:CLKM
>00000110000001100000011 0000001100000:CLKS
>000000000000011 0000000000000011 00000:PRESET
>000000000000000000000111111 110000000:shiftin
>X000000000000111100000000111 1 1111000:QM
>X11111111111100001111111100000000111:0Mbar
>XXXXX000000001111111 1000000001111111:QS
>XXXXX11111111000000001111111 10000000:QSbar

buff.mag
>01:A
»>10:B



7.2 Standard Cell Spice Results (SS)

* Input Vectors

Cell Case Quiput Rise Eall Load
inv.mag A: 0 > 1 B 1.25ns 2.50ns
A:1 >0 B 1.50ns : 2.75ns
nand2.mag AB:11 -> 01 c 2.00ns 3.50ns
AB:01 -> 11 o] 2.50ns 4.00ns
AB:11 -> 00 C 1.00ns 2.00ns
AB:00 -> 11 C 2.25ns 4.00ns
nand3.mag ABC:111 -> 011 D 2.75ns 4.25ns
ABC:011 -» 111 b 4.75ns 6.75ns
ABC:111 -» 000 D 1.00ns 2.00ns
ABC:000 -> 111 D 4.00ns 6.00ns
nor2.mag AB:10 -> 00 c 3.50ns  5.25ns
AB: 00 -> 10 o} 1.75ns 3.00ns
AB:11 -> 00 C 3.25ns 4.75ns
AB:00 -> 11 C 1.00ns 2.00ns
nor3.mag ABC:100 -> 000 D 7.00ns 9.00ns
ABC:000 -» 100 D 1.50ns 3.00ns
ABC:111 > 000 D 5.5ns 7.50ns
ABC:000 -> 111 b 0.75ns 1.75ns
mux.mag S:0->1 Q 6.75ns 8.00ns
Qbar 4.00ns 6.00ns
S:1->0 Q 7.50ns 9.00ns
Qbar 5.00ns 6.75ns



fad.mag
{SUMbar)

(CYbar)

(CPA)

inv.fad.mag

ABC:111

ABC:011 -

ABC:100 -

ABC:000

ABC:111 -

ABC:000

ABC:111

ABC:001 -

ABC:101

ABC:001 -

ABC:110 -

ABC:010

ABC:000
ABC:001

ABC:010

ABC:011 -

ABC:100
ABC:101

ABC:110 -

ABC:111

->

->

->

-

->

->

-

->

->

-

-

011

t11

000
100

000

111

001
111

001
101

010
110

001
000

011
010

101
100

111

110

CYbar
SUMbar
CYbar
SUMbar

CYbar
SUMbar
CYbar
SUMbar

CYbar
StUMbar
CYbar
SUMbar

CYbar
SUMbar
CYbar
SUMbar

CYbar
SUMbar
CYbar
SUMbar

CYbar
SUMbar
CYbar
SUMbar

CYbar
SUMbar
CYbar
SUMbar

CYbar
SUMbar
CYbar
SUMbar

CYbar
SUMbar
CYbar
SUMbar

CYbar
SUMbar
CYbar
SUMbar

B
B

5.50ns

8.25ns

1.75ns
6.00ns

4.75ns

5.00ns

7.50ns
4.75ns

7.00ns

7.00ns
7.00ns
3.50ns

7.00ns
3.50ns

3.75ns

1.25ns

4.50ns

3.00ns

1.25ns
2.50ns

1.25ns

8.25ns
2.75ns

8.25ns
3.00ns

2.75ns

2.25ns

7.00ns
2.50ns

6.50ns

4.00ns

1.00ns

7.25ns

6.75ns

10.00ns
4.50ns

3.00ns
7.00ns
2.50ns
5.00ns

6.50ns

2.50ns

6.75ns
10.00ns
4.50ns
9.00ns

6.25ns
10.00ns
4.75ns
8.75ns

4.25ns
9.00ns
3.75ns
8.75ns
5.25ns
8.50ns
4.00ns
8.50ns
5.00ns
8.25ns
6.25ns
5.50ns

2.00ns
2.25ns



dff.mag

rsff.mag

stf.mag

buff. mag

D: 1
CLK: 010

D:o
CLK: 010

D: 1
CLK: 010

D:0
CLK: 010

D:1
CLK: 010

D:0
CLK: 010

Vtbuff: 1 -> 0

Vitbuff: 0 -> 1

Qbar

Qbar

Qbar

Qbar

Qbar

Qbar

Vbbuft
Verd

Vbbuff
Verd

6.00ns

4.00ns

8.25ns

4.00ns
6.5ns

4.00ns

3.25ns
5.75ns

3.00ns
7.00ns

3.00ns
7.78ns

3.00ns

7.75ns

2.25ns
5.50ns

7.25ns
4.75ns

8.5ns
5.75ns

9.75ns
4.75ns

9.25ns
5.75ns

8.00ns
4.75ns

8.75ns
5.75ns



7.3 Einal Esim Results (SS)

+ Case #1

align

508
sqr

div

+ Case #2

align

S0S
sqr

div

- Case #3

align

sos
sqr

div

Verifies the smallest result which can be produced

g1 .. g8 = .10000000, eg = 1110
h1 .. h8 = 10000000, eh = 0110

Yalue Qutputs

ec 1000

es 0000

xij 0.00000000

¥j 0.10000000

Z 0.01000000

D 0.10000001

c 0.11111111 * 21000
S 0.11111111 * 20000

True
1000
0000
0.00000000
0.10000000
0.01000000
0.10000000
0.00000000

1.00000000

Verifies the largest result which can be produced

gl ..g8 = 11111111, eg = 0000
ht . hg8 = 11111111, eh = 0000

Yalue Qutputs

ec 0000

es 0000

Xj 0.11111111

yi 011111111

Z 1.11111011

D 1.61101001

Cc 0.10110101 * 20000.
S 0.10110101 * 20000 °

g1 .. g8 = 10101010, eg = 1110
h1 .. h8 = 10101010, eh = 0110

Value Qutputs

8c 1000

es 0000

xj 0.00000000

yi 0.10101010
' 0.01110000

0.10101010

0.11111111 * 21000
0.11111111 * 20000

wdO O N

JTrue
0000
0079
0.11111111
0.11111111
1.11111100
1.01101000

0.10110101
0.10110101

True
1000
0000
0.00000000
0.10101010
0.01110000
0.10101010

0.00000000
1.00000000

Delta
none
none
none
none
none
.00000001
none

-.00000001

Delta
none
none
none
none
-.00000001
.00000001

none
none

Delta
none
none
none
none
none
none

none
-.00000001



+ Case #4

align

S0S
sqr

div

+ Case #5

afign

$os
sqr

div

« Case #6

align

$0S
sqr

div

g1..g8= 11111111, 6g = 1110
h1..h8 = 11111111, ¢h = 0110

Valye Qutputs

ec 1000

es 0000

Xj 0.00000000

yi 0.11111111

¥4 0.11111101

D 0.11111111

c 1.00000000 * 21000
S 1.00000000 * 20000

g1 .. 98 = .10101010, eg = 0000
b1 .. h8 = 10101010, eh = 0000

Yalue Quiputs

ec 0000

es 0000

Xj 0.10101010

¥i 0.10101010

r4 0.11100001

D 0.11110001

c 0.10110101 * 20000
S 0.10110101 * 20000

g1.. g8 = 10101010, eg = 0110
h1 .. h8 = 10101010, eh = 0010

Yalue  Qutputs
ec 0000

as 1100

xi 0.10101010
¥j 0.00001010
2 0.01110001

0.10101011

D
C 0.11111111 * 20000
[ 0.11111111 * 21100

Twe
1000
0000
0.00000000
0. 11111111
0.11111110
0.11111119

0.00006000
1.00000000

JTrue
0000
0000
0.10101010
0.10101010
0.11100001
0.11110000

0.10110101
0.10110101

e
0000
1100
0.10101010
0.00001010
0.01110001
0.10101010

0.11111111
0.00001111

Delta

none
none
none
none
-.00000001

none

.00000001
none

Defta

none
none
none
none
none

.00000001

none
fnone

Retta

noneg
none
none
none

none
00000001

none
none



+ Case #7

align

s0S
sqr

div

- Case #8

align

S08

sqr
div

- Case #9

align

div

| g1..g8 =.11111111, eg = 0110

h1..h8 = 11111111, eh = 0010

Yalue Qutputs

ec 0000

es 1100

Xj 0.11111111

¥j 0.00001111

b4 0.41111110

D 0.11111111

c 0.11111111 * 20000
S 0.11111111 * 21100

g1 ..g8 = .11111111, eg = 0000
h1 .. h8 = 10101010, eh = 0000

Yalue Quipuis

ec 0000

es 0000

Xj 0.11111111

yi 0.10101010

Z 1.01101110

D 1.00110011

c 0.11010101 * 20000
S 0.10001110 * 20000

g1 .. g8 = .11001100, eg = 1110
h1 .. b8 = .10101010, eh = 1101

Yalue Qitputs

ec 0000

os 1111

C 0.11101100 * 20000
s 0.11000100 * 21111

Toue
0000
1100
0.11111111
0.00001111
0.11111110
0.11111111

0141111114
0.00001111

Iue

0000

0000
0.11111111
0.10101010
1.01101110
1.00110010

0.11010101

€.10001110

Trug

0000
1111

0.11101100
0.01100010

none
none
none
none
none
none

none
nene

Defta

none
none
none
none

none
.00000001

nene
none

none
none

none
none



» Case #10

Unit

align

div

+ Case #11

Unit

align

div

+ Case #12

align

div

G1..98 = 11101010, eg = 1111
h1 .. h8 = .10111111, eh = 0000

Value Qutputs

ec 1111

es 0000

c 1.00001011 * 21111
S 0.11011010 * 20000

g1..98 = 11011001, eg = 0010
h1 .. h8 = 10101010, eh = 0011

Yalue Quiputs

ec 1111

es 0000

c 1.000100%1 * 21111
S 0.11010111 * 20000

g1 .. g8 = .10001111, eg = 1000
h1 .. h8 = 11101010, eh = 1001

Yalue Qutputs

ec 1111

es 0000

c 0.10010101 * 21111
S 0.11110100 * 20000

Iue

1111
0000

0.10000101
0.11011010

JTrue

1119
0000

0.10001001
0.11011000

Inie

1111
0000

0.01001010
0.11110100

none
nene

none
none

Delta

nene
none

none
-.00000001

none
none

none
none




7.4 Einal Spice Results (SS)

- Critical Paths

Unit Phase
Alignment 91 ->02
22 -> o1
Sum-of- N ->02
Squares
@2 -> D1
Square- 01> 02
Roct

Cells

1 buff

1 muxff - Q output

4-bit cpa - 3 CYbar (A/B simultaneous
from Q/Qbar of muxff, C fixed at right
end), 1 SUMbar (A/B simultaneous from
same, C = carry in from previous)

1 buft

1 dtf

1 nor2
1 nand2
1 nand3
1 nand2
1inv

1 buff

1 rsff - Q output

2-bit cpa - 1 CYbar (A/B simultaneous
from Q/Qbar of rsff, C fixed at right end),
1 SUMbar (A/B simultaneous from same,
C = carry in from previous)

1 buff

1 nand2

1inv

1 rsff - Q output

2 nor2

2 fad - 1 SUMbar (A fixed, B/C
simultaneous from nor2), 1 SUMbar (A
fixed, B from CYbar, C from SUMbar of
above fad)

Description

initiaf computation of

ediff = (eg - eh); all
subsequent computations
during countup/countdown
to0

0-detection and generation
of clock enables which are
ANDed with ©2 to produce
ediffclk/etempclk

2-1 reduction of W-latch.ps,
W-latch. sc forming z(j)

generation of X[j] and Y{j],
formation of Qx(j) and Qy(j).
and 4-2 reduction to form
WI[j] above W-latch.ps/
W-latch.sc

1 buft

1 nor2

1inv

1 rsmuxif - Q output

1 nor2

1 mux

1 nor3

1 nor2

2 fad - 1 SUMbar (A/B fixed, C from
nor2), 1 SUMbar (A fixed, B from CYbar,
C from SUMbar of above fad)

generation of D[j] and Dstar{j].

formation of Qd, and 4-2
reduction to form R[j] in
R-latch.ps/R-latch.sc




Unit Phase
Square- 22->MNM
Root

(continued)

Division 21 -> 92

Q22 -» D1

Celis

Description

1 buff

1 rsff - Q output

2 buff

7-bit cpa - 1 CYbar {A/B from rsff, C from
sos), 1 CYbar (A fixed, B from CYbar
previous/above fad, C from SUMbar of
above fad), 4 CYbar (A/B fixed, C = canry
in at right end), 1 SUMbar (A/B fixed, C =

3-2 reduction of R-latch.ps,
R-latch.sc, and z-latch,
followed by 2-1 reduction and
selection to determine d(j)

carry in)

1 inv fad

1 nand2

1 nor2

1 buff Latching of s-iatch, feedback
1 rsff - Qbar ocutput routing to Qd-multiplex and its
2 buft circuitry, followed by 3-2

1 mux reduction of W-iatch.ps,

1 nand2 W-latch.sc, and Qd to form

1 fad (A/B fixed, C from nand?2)

1 buff

1 rsff - Q output

2 buff

6-bit cpa - 1 CYbar (A/B from FF's, C =
carry in), 3 CYbar (A fixed, B = CYbar
from previous/above fad, C = SUMbar
from above fad), 1 SUMbar (sarne)
Note that the leftmost bit posmon is not in
the critical path!

1 inv.fad

1 nor2

1 nand2

1 nand2

Plil in P-latch.ps/
P-latch.sc

3-2 reduction of P-latch.ps,
P-latch.sc, and Qsign,
followed by 2-1 reduction and
selection to determine s(j)

- Cycle Time Estimation (Derived from Spice Simulation of Critical Paths)

Cycle Time = Time required by the critical path in the @1 -> ©2 half-cycle, +
Time required by the critical path in the @2 -> @1 half-cycle

Time required by the Square-Root Unit in the @1 -> @2 half-cycle, +

Time required by the Square-Root Unit in the @2 -> @1 half-cycle

50 nanoseconds + 55 nanoseconds

105 nanoseconds, which corresponds 1o 1000/105 or 9.5 megahertz



