CMOS Matrix-Vector Multiplier

ECE 533 - Final Design Review
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Outline Review

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

c di LY cx + dy e 4 X 4 Multiplier
Input: + 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

Layout Schematic
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Running layout DRC analysis ‘- H-
Flat mode
Full checking. 1
DRC started....... Thu Nov 17 22:34:07 2022 )
completed ....Thu Nov 17 22:34:07 2022 [
CPU TIME = 00:00:00 TOTAL TIME = 00:00:00 =
whwssawes  Sysmary of rule violations for cell "fa_test layout™  @héswakes :
Total errors found: 0 o
[}
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[ R e 16 terminals - o -m— B
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u b | o il by
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67 pros | F
67 nmos
........... S v
Terwinal (:;r!ipmd!;;! points e F S e H o +. Cout
ne7 ne A1 S P B om— [odisd4dan o
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NES N2 A3 (IR
N76 N2 BO
75 NS 81 Lo K
N74 24 82
N72 n27 83 L-
N70 N4 Cin
w71 s Cout M-
3] m Gho
Ng4 N9 50 P . Y
N63 N1O s1
o ez H s2 S PR L
i k- N77 n2s s3
| W73 No Voo e e . LDJ
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% - Devices in the netlist but mot in the rules: S & .
pmos nmos
T P S o GND‘b .
The net-1ists match




4x4 Multiplier

as ao ai do

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

DRC & LVS

Running layout DRC analysis

Flat mode

Full checking.

DRC started....... Thu Dec 1 22:38:49 2022
completed ....Thu Dec 1 22:38:50 2022

CPU TIME = 00:00:00 TOTAL TIME = 00:00:01
Hhddaddds  Summary of rule viclations for cell "multid layout™ — *ékdswsws
Total errors found: 0

Net-list summary for /home/salaml2/ece533/cadence/LV5/layout/netlist

count

378 nets

18 terminals
368 pmos

368 nmas

Net-list summary for /home/salaml2/ece533/cadence/LVS/schematic/netlist|

count

378 nets

18 terminals
368 pmos

368 nmos

Terminal correspondence points
N3

N363

N362 N2 Al
N361 N1 A2
LEL NO A3
N37T7 N49 BO
N3T6 N48 B1
N375 N4T B2
N373 N6 B3 Py
N364 N12 GND
N372 Nad PO
N3T1 N4O P1
N3TOD N35 P2
N369 N33 P3
N368 N32 P4
N367 N43 P5
N366 N4s P6
N365 N34 P7
N34 Nig VDo

Devices in the netlist but not in the rules:
PMOS NMos - -
e3Pz B e

The net-lists match.




continued...
4x4 Multiplier Transient Analysis (cropped)
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M /70 @ 2 -g:g E I 1 I (s
[ PSI @ g gg i I 1 .

e e © g2 Transistor Count
[ /a3 @ g gg 3 I

3 ‘ ~ Module  #Unit  FET/unit Total FET

M 50 @ z gg
M 51 @ 0.5 3 1 .2
M 52 @ 2 -8:? 3 o

s . S 333 © CLA4 5 134 670

/PO @ g-OSS‘I‘g k| E
Y5t @ EAOEE{E%E /S = -qc" AND2 16 6 96
2 @ 2 -0.554 - O

556 A -

R , . OAI54321° -1 30 -30
M s ® oz -Ozs'gé 3 S 7 \Vs
- o ol i == z o Aggregate Count 736
Ll > .0l5.64 L B L B L { rrrrTrTTTTTT T T T "' I e L Y

f g 1.91 1.92 1.03 1.94 1.95 1.96 1.97 1.08 * We don’t need Cgt of last CLA4.

time (us)
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: J \ A\
M rs @ 0.616 3
E 55937 I 1 n
M jp7 @ = -0.595 ‘ : I I T T T T
1.91 1.92 1.93 1.94 1.95 1.96 1.97 1.98

time (us)



continued...

T | T T 1T 1T 17T T T T
] 1.95
* time (us)

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)
O 1
1 _ 5
D Do Q o[
T p— -0
0 ¢ L
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

vDD

C2MOS Latch Transient Analysis (extracted)
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As expected,
e Qfollows D while clk is true.
* Qholds Q.4 while clk is false.

But,
* tpaq is not bad, but not good either.




Possible Methods of Final Design

Method-1 Method-2
la b] [xl [ax +byl| i~ el
. - ax4 8 4x4 8
c d y cx + dy . Multiplier [ ) ‘ . Mult)i(plier B
X =>X—» X =>2—>
8-bit Adder > (ax+by) — 8-bit Adder 2 (ax+by)
Assume: | ¥ ¥ (cx+dy)>
Inputs are driven from D-FF. axa s q_b axd |
Outputs are sampled by D-FF.| ¢ Multplier )2 Multiplier
ol % Moderately fast method (2 X T)
Mu‘mer : * Inputs are serially driven.
X > « 2" output (cx + dy) is sampled one T,y
8-bit Adder (cx+dy) after 15t output is sampled.
gl v" No internal clock needed
4x4 ** Huge area still required
4 Multiplier .
Y S * even after 50% reduction
— Posedge
v’ Fastest method (T,;;) 1 5
* Both outputs concurrently available after t,,4 . c
e Outputs ready to be sampled at next posedge . .
of D-FF ) 4
v" No internal clock needed
2 y y

* Enormous area required
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Method-3 Method-4
reset cik ~clk
| 1*»4 4
" 4x4 : 9 Bank of | N1 = Axd 8 Bank of
Multiplier 8-bit Adder 9 Out Muttiplier P57 8 8-bit Adder out
| 4 D-Flipflop s 4 D-Latch
N2 >—p| IN2 >
Bank of
s 8
% Slowest method (4 X T,) D-Latch
* Inputs are serially driven.
¢ Internal clock needed 1
o i
* Reset signal needed v Moderately fast method (2 X T;)

* Reset the D-FF bank at beginning, reset it again after
(ax + by) is sampled.
v" Small area required

e TDM is employed for D-Latch banks.
% Internal clock needed
Reset signal not needed
Smallest area required

Posedge clk Level

1 2 3
a b C d

X y X y
ax+0 ax+by c¢cx+0 cx+dy

0 1 0
a b c d

X y X y
ax+? ax+by cx+by cx+dy




Full Design: Matrix-Vector Multiplier

Layout Schematic

- VDD . o . o
—.' { ru pE— - -
S 2n S5
: ’ AR .—FA P —m D@ op . B A S0 +.R®
! SN == EFSEENGE | =Dl Q1 = B (a1 st-aPpr
: sz p-m—s2  P2=m D2 Q2= m—s2 sz—a PR
‘w w 23 w432 PIm B D3 Q3= B3 s3a PR3
T gl BE .—-—ng P4 —m B D45 Q4 8 m— 44 4w JPre
s 1 B1 B1 PS5 —m B D55 Q5= B AD S5 RS
- o
il B2 = B2 P m B D6° Q6 —m B AG 36 —u P ro
] e B3 = B3 - F7 = D7 Q7= w47 ST —uJPrR7
118 o M —— | B - clk Bo= -s8 —m— PR3
| - [ @ B ~clk BB
E.-. % B BZ
- —k S
w1 | 2 ol
‘ i §io1 ‘D0 P -
2 B&
l " —m— D1 Q1 = 57
i = D2 QI = 5
" - ; D3 Q3 =
w0 | @]
. " B D4 Q4
x - | c
‘ | " B D5+ Q5 & — o
‘. L ® D6 Q6 : o
3 ' [ =) B D7 Q7
"R St mefok
] a = ~
| it ok I A clk
| 18| -
i i
. ikl l i J . GND @
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o § : . 3 u Net-list summary for /home/salaml2/ece533/cadence/LVS/layout/netlist
2 f count
T' ! - . W 578 nets
i r | =1 20 terminals
. | : ¢ 551 pmas
1 lk_ . . : 1 " 551 nmas
| » | i
1 J . - 1 - 1 | Net-1ist summary for /home/salaml2/ece533/cadence/LV5S/schematic/netlist D RC
e count
x Ll 1 578 nets
e e ' | 20 terminals
I 551 pmas
% 551 nmas
Terminal correspondence points
N564 N1 AD
N562 N15 Al
rroeg N560 N3s A2
. - NS58 N36 A3 . .
— N5TT N3T BO Running layout DRC analysis
1 IEARE N576 N8 B1 Flat mode
575 n3s B2 Full checking.
. | :g? :‘1“; gfb DRC started. .Mon Dec 5 17:29:17 2022
= J | H570 N&1 RO :omletee ....Mon Dec 5 17:29:18 2022
| ok P N5ES Nd2 3] CPIJ TIME = Dl] 00:00 TOTAL TIME = 00:00:01
' e N568 N43 R2 *  Summary of rule violations for cell "matvec layout”
X o | S i e nse7 o 3 Tutal. errors found: 0
N566 N R4
gy N565 N2 RS
: . N563 N3 R6
v NS561 Na R7
N559 NS RE
N574 N16 VDD
| = s | | | N5T72 N&4 clk
Loz
Devices in the netlist but not in the rules: LVS
pmOs NMOS
The net-lists match.
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Transient Analysis
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continued...

clki | . QOTest Case:

E i ]

RO ) i W 0 . [14 57 [10] _ [205
1 | | : Col12 11] 131 1263
] : i | ' = 205=b0_1100_1101
i | | I |
i | U g L | m———: = 263 = b1 0000 0111
| | UL i / | U L I
E VAR SR F UL :

1 | | | |
il I | I |
vi ! : : !
R8| | e L AL |

| | | |
Inpl =14 Inpl =5 Inpl =12 Inpl =11
Inp2 =10 Inp2 =13 Inp2 =10 Inp2 =13

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
R, ice & Rfall " Unnecessary XNOR2 gates at peripheral
* D-FF or D-Latch? * Final design

" Not ing at 80 MH dicted
* Placement of last CLA after D-Latch ot THRRINg 4 2 as predicte

* OAI54321: Height vs. Width



Questions?
Concerns?
Comments?



