CMOS Matrix-Vector Multiplier

ECE 533 — Final Design Review
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Outline Review

[a b1 [x] _ [ax + by What we need:

c dl Ly cx +dy * 4 X 4 Multiplier
Input: o + 8-bit Adder
*a,b,c, d,x,y > 4-bit unsigned each « Bank of D-Latch
Product:

* ax, by, cx, dy - 8-bit unsigned each Adder Type:
Output:

e Carry-lookahead Adder (CLA)
* (ax + by), (cx + dy) - 9-bit unsigned



Where we left: A-bit CLA uni
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4x4 Multiplier

as ao ai dg

Things to consider:

= \We need
e 5 units of CLA4
e 16 units of AND2.

" (,yt Of last CLA4 is unnecessary.
 Remove OAI54321 (30 T) from that.

= P7 will be slowest (obviously).




continued...

Layout Schematic
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continued...
4x4 Multiplier Transient Analysis (cropped)
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continued...
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Note:

» Inputs are changing at 25 MHz here.
e could be increased up to 50 MHz

> tyq is 8 ns - will affect next stage



Dynamic D-Latch

Transmission Gate based Clocked CMOS (C2MOS)
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v’ Slightly faster: v" Slightly smaller:
= Both FETs work in parallel = Eliminates 2 contacts

Problem with dynamic output:
* May lose value due to subthreshold leakage
* May lose value during burn-in test



continued...

Schematic Layout C2MOS Latch Transient Analysis (extracted)
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N P As expected,
&E  (Qfollows D while clk is true.
P P . L - Qholds Q,,, while clk is false.
* - » But,
k By :” - * tyaq is NOt bad, but not good either.
] m& ;
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Possible Methods of Final Design

Method-1 Method-2
la b] [xl [ax +byl| i~ R
. = 4x4 8 4x4 8
c d y cx + dy . Multiplier [ ) ¢ . Mult)i(plier ™
X =2 X =>2—»
8-bit Adder 2 (ax+hy) 8-bit Adder 2 (ax+by)
Assume: , (cxvdy)2
. R
Inputs are driven from D-FF. axa s d—b axd s |
Outputs are sampled by D-FF.| Multplier )2 Multiplier
ol % Moderately fast method (2 X T;)
Mu‘mer : * Inputs are serially driven.
X o « 2" output (cx + dy) is sampled one T,
8-bit Adder (cx+dy) after 15t output is sampled.
4 v" No internal clock needed
4x4. ** Huge area still required
. Multiplier .
Y S * even after 50% reduction
— Posedge
v’ Fastest method (T,;;) 1 5
* Both outputs concurrently available after t,,4 .
e Outputs ready to be sampled at next posedge .
of D-FF p
v" No internal clock needed
’ y

* Enormous area required




continued...
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ol 8-bit Adder g Out
. Multiplier D-Flipflo
IHZA\—> e i

% Slowest method (4 X T,j;)
* Inputs are serially driven.
¢ Internal clock needed
% Reset signal needed
* Reset the D-FF bank at beginning, reset it again after
(ax + by) is sampled.
v" Small area required

L)

Posedge

X y X y
ax+0 ax+by ccx+0 cx+dy

Method-4
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clk
v' Moderately fast method (2 X T,)

e TDM is employed for D-Latch banks.

/

% Internal clock needed
v Reset sighal not needed
v" Smallest area required
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Full Design: Matrix-Vector Multiplier

Schematic

l;lﬁ [ ) L L =]
_Em S0 __I8s
AQ L et FE —m gﬂ""DZ‘ QF —= o AR SE . Rl
Al B Al P1—m om0 Q= Al S1lm R
482 B A2 P2lm @ m-[02 Qf® L A! [ ] R
a5 p-w— a5 P5m o @03 Q3= - A3 3w jPpr
Be Bp-m—E22 P4 —m—@ (B D Q4|-m a4 S4om P -
. B1 B—E1" P58 @055 Q58 - AL 55— RS
B2 ®— B2 F6—®-@ @ D6T QF —m = A 6= RE
. gs - ®={E3 P/ wel D7 Q7fm m A7 ST w Pr
ll‘ 4 e S ek =800 S8 -m PR
'.’ " | ik a— B1
m~rr E—Oc
l |-_:; - HZ
v i ll & E LA U N g
|D a B B4
- "'l':'. B B5
- 07 oF = -
3 —m— B
m [ Q1 - m— B7
:.. g": 32 _: .___..é.._.
D4 O4-m
s mD55 Q5=
[ |- #0657 0f =
[ = =07 Q7=
=
i ~Z 16 Hl— clk
k po-m—a, o mem{ ik
L2 2
L - L
cHe 4y
Met-list summary /home/salami2 3 dence/LVS/ layout/ne:
count
578 nets
0  termima I
551 pmos
551 nmos
Met-list summary for /home/salami2/ece533/cadence/LVS/schematic/netlist D Rc
count
578 nets
0 ermima Is
551 pmos
551 nmos
Termina 1 corres| pondence points
M5E4 N4 AD
115 N5 Al
NSED N3s a2
NSSE N35 A3 - -
METT N37 BO Running layout DRC analysis
W56 N3s B Flat mode
N575 N3g B2 Full checking.
o o B DRC started.......Mon Dec 5 17:29:17 2022
bl prbld s completed ....Mon Dec 5 17:29:18 2022
N5E9 N2 R CPu TIME = 00:00:00 TOTAL TIME = no ao: m
NSER N4l R2 bttt odod Su-nary of rule violations for cell "matvec layout™
H5E7 o R Total errors found: 0




continued...

Transient Analysis
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Aggregate Count 1102

Total Area = 297.75 um X 204 um
= 0.0607 mm?
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EITest Case:
14 [ ] 205
12 11 263

= 205=b0_1100_1101
= 263 =b1_0000_0111

Note:
» clk frequency is 25 MHz here.

* can beincreased up to 45 MHz
» tpq is 9 ns.



Conclusion

Problems we faced Problems in our design
* Only up to M3 was available. e 4x4 Multiplier
 Too much emphasis upon equal = Unnecessary P, G from last CLA4
Ry ise & Requ = Unnecessary XNOR2 gates at peripheral
» D-FF or D-Latch? * Final design

= Not ' t 80 MH dicted
* Placement of last CLA after D-Latch ot THIAING 4 2 as predicte

* OAI54321: Height vs. Width



Questions?
Concerns?
Comments?



