o gy

..)'p

SPECIFICATION YOUR DESIGN
N (number of inverters at output stage) 4 6" (rwemrrmie—ritnis—caTi )| |
Lo g
PARAMETER SPECIFICATION YOUR YOUR
CALCULATED SIMULATED
VALUE VALUE
OUTPUT t, <200 ns O. 5w : qo ns
=
OUTPUT t; <200 ns 0.5 a5 100 ns
tpa <400 ns 3% ns Fo px
tpdl <400 ns 3#ns u%_ézo e
Average power <1mW 0.8 mw 0.6 miW
dissipation
Minimum Noise > 1.0 Volt 1.4V 1.V
Margin (3 inverter) (oD )

6.012.FT00.DesignProblem.1.0

Digital Design Problem

Page 8of 8



. S
LI oy, .
I, -

iy WIEL w Sy
& = Yy Ly e o g =y
Y gy 2 i gz oy et ) TG ey,
‘ Wt S = &x ) Tty i & e S
\&\\\QN ~ u\\.ﬁ . A, AL \Q\v\w = \\\\ v
= A ST lnﬂ K\\\W = l\\\_
i . pTEIT M & HOFD N P e Nl Are
O ity Y ; ¢ Ry S
- [
T — oy 1}

&7
z H
/

= oL
f\\\{ rw\r\\\l‘“ @’ L

-

ﬁtar
45

NG

S —
oL

ﬂ\
)
" P:é.»x
Q¥ Irnw rl\lv\l\
WY 2SI

5 Arszs

e/ \‘..,A..\w\\\aw Spoz by INXG «ﬂ\

i

. M\\\\um

A St S3y F2 NJ\%&&Q&W h .

..u.(\M; ’ o V7]
.\ = 7= 7 ¢ NM
§ - (T ,%,,rh SAAE T 5D rok Q\

N () S HEl

|ZEV R S



Design Project- Row Driver : Abstract

A row selection driver using dynamic registers to reduce the number of transistors needed to select a row
line was implemented. The design constraints were a delay of Jess than 400 ns after clock edge, rise and
fall times less than 200 ns, and total average power dissipation for all 1024 drivers less than lmW within
the period of a frame update rate of 75 Hz . An unspecified area constraint was also stated. The driver,
consisting of a pass gate, NAND gate, and CMOS inverters, was designed using 3 V and 5 V NMOS and
PMOS devices. The design approach was based on attaining the best timing performances and scaling back
devices to achieve power and/or size constraints. Hand calculations were made with this time approach in
mind and SPICE simulation was performed for the latter power and size considerations. In instances where
inverters are removed, the correct logic function was kept in check my maintaining that the number of
inversions be even. The final design which removed two output buffer inverters and rescaled one output
buffer inverter from the original hand calculations met and in many cases exceeded the performance
requirements with rise/fall times around 100 ns, delays of 30-40 ns, and power dissipation only slightly
above half a mW.



Notes on the design approach:

The basic approach to design the row driver was to begin with an architectural view of the circuit design.
Following from the RS input to the capacitive load of 200 pF, we know that the driver need a pass gate
follow by an inverter and then a NAND gate. This has been already provided for us. After the NAND gate,
there maybe N inverters. The main challenges are as follows: (1) to be able to charge and discharge the
load capacitance (plus parasitics) within 200 ns; (2) to supply an output of 0 to 5 V when our input signal
RS is limited to 0 10 3 V; (3) to minimize the delay between the input RS and output signal to less than 400
ns; and (4) to dissipate less than 1 mW power within the 75 Hz frame update rate for all 1024 drivers
combined.

We attacked first the timing constraints. For a mimimum geometry 5 V inverter that is symmetrical feeding
another minimum geometry 5 V symmetrical inverter, we found that the time delay for 50%
charge/discharge is about 0.5 ns. In addition for such a setup, the load capacitance at the 1% 5V inverter due
to its drain to bulk depletion capacitance and the capacitance of the gate of the following inverter, is quite
small at around 58 fF. Thus making the 200 pF load capacitance be more than 3000 times larger. As the
time to charge/discharge is proportional to the capacitance being charged/discharged, we expect that
approximately 3000*0.5ns=1500 ns would result if we use the minimum geometry inverter to connect
directly with the 200 pF load. Therefore, to meet time requirements, we must employ buffers. By taking N
roots of the capacitive ratio and realizing that N*roots*tmin gives the scaled delay (see page 6 of hand
calc.), we select 4 buffers for 5V inverters that are scaled 8 times at each stage. This approach gives about
16 ns delay from the minimum geometry 5 V to the output. As this value is small compared to the 400 ns
and also realizing that the other devices could be at their minimum geometry for symmetry (except for the
1* 5V inverter), we approximate that the minimum delay per inverter or gate is 1 ns and that for the buffers
we recalculate with this assumption and get a total delay of about 37 ns (see "Rough Estimates”
spreadsheet). As this is small and most devices are symmetrical (by design selection of Wp=2*Wn for
inverters and Wp=Wn for NAND gate), we assume that the delays for low-to-high is the same as high-to-
low. The big assumptions of symmetry is actually a design choice. Symmetry facilitates the determination
of Vm and noise margins and as such, we choose symmetry for all our circuits except the 1™ 5V inverter
which necessarily must be skewed so that a 3V high input could safely generate a logic low signal output.
To simplify the driver design flow, we place a skewed 5 V inverter in between the NAND gate and the 5V
minimum geometry inverter. For the the NAND gate and the logic preceding it, we choose to supply with
3V. Therefore the pass gate then inverter then NAND would all take supply from 3V. With the VDD and
the dimensions and number of inverters determined, we could go through and calculate the load
capacitances due to each input/output nodes. We then take this capacitance at each stage and multiply by
VDD squared and the update rate so that we could roughly get the average power dissipation (see "Rough
Calc."). This then gives us roughly 0.8 mW of dissipation. The last rough calculation is for rise/fall time
which is just the minimum geometry 5 V’s times. By using scaling with the buffers, the times are
ridiculously low at 0.5 ns.

The hand calculations provided us with a circuit to model in SPICE. The results of the 19 several
simulations show a need for optimization. The time delays and rise/fall time were tremendously lower than
spec. Re-examination of the device size selected, we realize that the 2 last buffers had sizes that were too
big! and thus they were removed and then the remaining buffers were rescaled approriately (letting the
delays increased so that the area could be minimized.

‘What follows are the plots of the noise margins for the final circuit devices. The lowest noise margin came
out to be for the NAND gate. NAND gate NM calculations are not provided by the text and a rough attempt
at hand calculations was made. Then, the SPICE code for transient analysis along with performances
follow. The DC sweeps use on DC input voltage that is moved from one gate node to the next for noise
margin of each device. The hand calculations that follows are mainly to calculate NMs and CL per stage.
The time calculations were already mentioned with rough cal. spreadsheet. Minor attempts were made to
calculate ID but for th most part it did not seem worthwhile knowing the hand calculated values for the
current.



Rough Estimates for Power,Delay and Rise/Fall Time given the CL values and minimum delays

from the attached hand calculations
Total Power Dissipation

f 75 Hz
cL VDD P=CL*VDD*VDD*f
6.40E-14 3 4.32E-11
5,75E-14 3 3.88E-11
1.89E-13 3 1.28E-10
8.90E-14 5 1.67E-10
2.75E-13 5 5.16E-10
2.13E-12 5 3.99E-09
1.69E-11 5 3.17E-08
1.36E-10 5 2.54E-07
2.66E-10 5 4.99E-07
sum 7.89E-07 W
X1024 rows 8.08E-04 W  (Avsume I, shatcef SV

Propagational Delay

With minimum geometry tpHL=tpLH=0.5 ns << 400 ns, roughly
calculate delays by summation of devices by assuming tdelaymin=1ns
DEVICE delay

pass gate 1
3Vinv 1
NAND 1
5V Inv (skewed Vm) 1
min geom. 5 Vinv 1
4 buffers 32
total delay 37 ns

for both tpD1 & tpDO

Rise/Fall Time

With CL=200 pF (actually calculated to 266 pF when including CP)
t=CL*0.8VDD/ID

with VDD=5V , 0.8 for the 90%-10% and assuming linear charge/discharge
ID 1.6384

t=CL*0.8VDD/ID 4.8828E-10 s
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L—tge Margin Simulation for Row Driver Design

.OPTIONS POST

.OP

*M1 IN NCLK 1 0 NCH3 L=1.5U W=3U AD=18P AS=18P PD=15U PS=15U

*M2 IN PCLK 1 VCC3 PCH3 L=1.5U W=6U AD=36P AS=36P PD=18U PS=18U
*M3 2 1 VCC3 VCC3 PCH3 L=1.5U W=6U AD=36P AS=36P PD=18U PS=18U
*M4 2 1 0 0 NCH3 L=1.5U W=3U AD=18P AS=18P PD=15U PS=15U

*M5 3 2 VCC3 VCC3 PCH3 L=1.5U W=3U AD=18F AS=18P PD=15U PS=15U
*M6 3 VCC3 VCC3 VCC3 PCH3 L=1.5U W=3U AD=18P AS=18P PD=15U PS5=15U
*M7 3 VCC3 10 0 NCH3 L=1.5U W=3U AD=18P AS=18P PD=15U PS=15U
*M8 10 2 0 0 NCH3 L=1.5U W=3U AD=18P AS=18P PD=15U PS=15U

*M9 4 3 VCCS5 VCC5 PCHS5 L=1.5U W=3U AD=18P AS=18P PD=15U PS=15U

*M10 4 3 0 O NCHS L=1.5U W=37.5U AD=225P AS=225P PD=49.5U PS=49.5U
*M11l 5 4 VCC5 VCC5 PCH5 L=1.5U W=6U AD=36P AS=36P PD=18U PS=18U
*M12 5 4 0 0 NCH5 L=1.5U W=3U AD=18P AS=18P PD=15U PS=15U

*M13 6 5 VCC5 VCC5 PCH5 L=1.5U W=48U AD=288P AS=288P PD=60U PS=60U0
*M14 6 5 0 0 NCH5 L=1.5U W=24U AD=144P AS=144P PD=36U PS=36U

M15 7 6 VCC5 VCC5 PCHS5 L=1.5U W=96U AD=576P AS=576P PD=108U PS=108U
Ml6 7 6 0 0 NCH5 L=1.5U W=48U AD=288P AS=288P PD=60U PS=60U
VCC3 VCC3 0 DC 3
ngS@;l.r———————MOCCSCOODC 2 WL nede o rede pov (Aferesled nvevies .
.DC VIN 0 5 0.05
.MODEL PCH5 PMOS LEVEL=1 VTO=-1 KP=25E-6 LAMBDA=7E-2 CJ=3E-4 CJSW=3.5E-10
3=0.9 TOX=1.5E-8
JODEL NCH5 NMOS LEVEL=1 VTO=1 KP=50E-6 LAMBDA=7E-2 CJ=1E-4 CJSW=5E-10
+PB=0.95 TOX=1.5E-8
* .MODEL PCH3 PMOS LEVEL=1
* .MODEL NCH3 NMOS LEVEL=1
.MODEL PCH3 PMOS LEVEL=1 VTO=-0.7 KP=25E-6 LAMBDA=7E-2 CJ=3E-4 CJSW=3.5E-10
+PB=0.9 TOX=1.5E-8
.MODEL NCH3 NMOS LEVEL=1 VTO=0.7 KP=50E-6 LAMBDA=7E-2 CJ=1E-4 CJSW=5E-10
+PB=0.9 TOX=1.5E-8
. END
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Noise Marern Simulation for Row Driver Design '’ /A”’?"Q e d g gt

.OPTIONS LIST NODE POST
.TRAN 10n 13.33M
* . PRINT TRAN V(IN) V(9)
"ASURE TRAN PDISS AVG POWER FROM=0ON TO 13.33M
1. IN NCLK 1 0 NCH3 L=1.5U W=3U AD=18P AS=18P PD=15U PS=15U
M2 IN PCLK 1 VCC3 PCH3 L=1.5U W=6U AD=36P AS=36P PD=18U PS=18U
1 VCC3 VCC3 PCH3 L=1.5U W=6U AD=36P AS=36P PD=18U PS=18U
1 0 0 NCH3 L=1.5U W=3U AD=18P AS=18P PD=15U PS=15U
2 VCC3 VCC3 PCH3 L=1.5U W=3U AD=18P AS=18P PD=15U PS=15U
VCC3 VCC3 VCC3 PCH3 L=1.5U0 W=3U AD=18P AS=18P PD=15U PS=15U
VCC3 10 0 NCH3 L=1.5U W=3U AD=18P AS=18P PD=15U PS=15U
M8 10 2 0 0 NCH3 L=1.5U W=3U AD=18P AS=18P PD=15U PS=15U
*MA 11 3 VCC3 VCC3 PCH3 L=1.5U W=6U AD=36P AS=36P PD=18U PS=18U
*MB 11 3 0 O NCH3 L=1.5U W=3U AD=18P AS=18P PD=15U PS=15U
M9 4 3 VCC5 VCC5 PCHS5 L=1.5U W=3U AD=18P AS=18P PD=150 PS=15U

=
Ul
WWwwNN

M10 4 3 0 0 NCH5 L=1.5U W=37.5U AD=225P AS=225P PD=49.5U PS=49.5U

M1l 5 4 VCC5 VCC5 PCH5 L=1.5U W=6U AD=36P AS=36P PD=18U PS=18U

M12 5 4 0 0 NCH5 L=1.5U W=3U AD=18P AS=18P PD=15U PS=15U

M13 6 5 VCC5 VCCS5 PCH5 L=1.5U W=48U AD=288P AS=288P PD=60U PS5=60U

Ml4 6 5 0 0 NCHS L=1.5U W=24U AD=144P AS=144P PD=36U PS=36U

M15 7 6 VCC5 VCC5 PCHS5 L=1.5U W=96U AD=576P AS=576P PD=108U PS=108U

M16 7 6 0 0 NCHS5 L=1.5U W=48U AD=288P AS=288P PD=60U PS=60U

*M15 7 6 VCC5 VCC5 PCH5 L=1.5U W=384U AD=2304P AS=2304P PD=396U PS=356U

*M16 7 6 0 0 NCH5 L=1.5U W=192U AD=1152P AS=1152P PD=204U PS=204U

*M17 8 7 VCC5 VCC5 PCHS5 L=1.5U W=3072U AD=18432P AS=18432P PD=3084U PS=3084U
*M18 8 7 0 O NCHS L=1.5U W=1536U AD=9216P AS=5216P PD=1548U PS=15480U

*M19 9 8 VCC5 VCCS5 PCHS L=1.5U W=24576U AD=147456P AS=147456P PD=24588U PS=24588
*M20 9 8 0 O NCHS L=1.5U W=12288U AD=73728P AS=73728P PD=12300U PS=12300U

. 7 0 200P
23 VCC3 0 DC 3
VCC5 VCC5 0 DC 5
V_RS IN 0 0 PULSE O 3 0 100N 100N 6.5U 13.33M
V_CLK NCLK 0 0 PULSE 0 3 1U 100N 100N 3.055U 13.02U
V_INVCLK PCLK 0 O PULSE 3 0 1U 100N 100N 3.055U 13.02U
.MODEL PCH5 PMOS LEVEL=1 VTO=-1 KP=25E-6 LAMBDA=7E-2 CJ=3E-4 CJSW=3.5E-10
+PB=0.2 TOX=1.5E-8
.MODEL NCH5 NMOS LEVEL=1 VTO=1 KP=50E-6 LAMBDA=7E-2 CJ=1E-4 CJSW=5E-10
+PB=0.9 TOX=1.5E-8
* _MODEL PCH3 PMOS LEVEL=1
* .MODEL: NCH3 NMCS LEVEL=1
.MODEL PCH3 PMOS LEVEL=1 VTO=-0.7 KP=25E-6 LAMBDA=7E-2 CJ=3E-4 CJSW=3.5E-10
+PB=0.9 TOX=1.5E-8
.MODEL NCH3 NMOS LEVEL=1 VTO=0.7 KP=50E-6 LAMBDA=7E-2 CJ=1E-4 CJSW=5E-10
+PB=0.9 TOX=1.5E-8
I V(1) =0
.END
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noise margin simulation for row driver design

**%*** transient analysis tnom= 25.000 temp= 25.000
*kk Kk kK

pdiss = 5.6596E-07 from= 0.0000E+00 to= 1.3330E-02

**%k%* job concluded
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