Carnegie Mellon University

ECE Department
Homework 2 — 18-421/623

Instructions: Due Date(s):

e 623 students: Exercises 1-2 are required. * Wednesday, September 27, 2023 — 11:59PM EST
via Gradescope upload

e [Extendible to Friday, September 29, 2023 —
11:59PM EST via Gradescope upload*

e 421 students: Exercises 1-2 are required.

e For the Cadence design problems, 623
students and 421 students have different
specifications.

Discussing the homework with other students is authorized but submissions must be individual
*This means you may turn in the homework up to that date with no penalty. Homework will not be
accepted beyond this date.

\%
Exercise 1 (50 pts): Source Follower i out
In this exercise, we will use the GPDK 45 nm process to build a source Vin +VIoa q
follower (common drain) circuit shown in Fig. 1.1 The small signal iloadT —

voltage gain is measured as Vou/Vin in the small-signal domain, and
similarly the output resistance Viead/iload 1S measured by applying an

ideal current source at the output with the input at AC ground. Fig 1.1 Voltage gain and output resistance

1) Draw a small-signal model for a source follower biased using ideal current sources.

2) Determine the small-signal gain of your ideal source follower (in terms of Vgs, Vru, A, and Ip)? Does Ip affect your
small-signal gain?

3) Determine the output resistance of your ideal source follower (in terms of Vgs, Vru, A, and Ip)? Does W/L affect
your output resistance with a constant Vgs-Vru?
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4) Redraw a small-signal model for a source follower but biased this time using a non-ideal current source formed

using current mirrors as shown in Fig. 1.2.
. . . . . M
5) Determine the small-signal gain of your non-ideal source follower (in _M3 I |J 2 i
. . (2u/1u) (2u/1u)
terms of Vgs, Vu, A, and Ip)? How does it compare to the ideal
version? V; v
in out
4\ - % %O Vout 1MQ O_IE
To
£ QmV T
ot mies = % 1MQ
V2 g M5 n M6
= (1u/1u) (1u/1u)
-~ V- — — —
gy  Yout  VOR-TR i vin- Vout) = = =
foa fo Fig 1.2 Source follower
Am (Vin~ Vout)t (Va-Vout )/ To + Va /My =0 g
Tob
M+® 2 Vout ’ Tog = ~Valrps 3 Va= - Voyt X Toa
Vout . Vout a L !
© 2 gmVin = gmVout s T T F Nout / (ToToa/Toe) 2 Av= Om / (Qm+ Tt roroq_/r%\
|
Since Yo=foa =Top = I/2Ip 3 Ay= Qm/(Qm+ 3ATo) = 330 25 = 115 avoy
SInCe rp=toa = |/ ApIp, op = V/AnIp, qmz 2Ip / Vov |
Ay = 27 (2+ ?\PVOV + ApVov + ?\pVov X (Ap/An)) =
I+ ap (1t ﬁn) Vov
6) What is the output resistance of your non-ideal source follower (in terms of Vs, Vru, A, and Ip)?
Vioad + Vioad-Va _ Qm (0- Vipad) * iload
6) Foa ro
2 -Vioad Va
Qm (0- Vipad) ¥ —l—r— e °
° . Gm+t /1o
@-:.‘aV;_[—+FD~b\ Viogd (@m 7.;\% Ny = Vload”m
t1iiro
3 |/ Tout = dwng 7 V =L L _t 9mfiiro
@ M Tout ad / V1o0d o4 T To” \/fo+ 11106 £ Qm
Since Yo=Toa = Top = 1/ AIb, OGm= 2Lp/ Vov
3 Tout = loa” To //-ro(;l\'/" +l—\-]r—‘ : D_ID::% % Vov/Ip
ov 2 Qm Alp+ ;\Ib AIp x (2 7\VOV]+ —Tw TIp (1% 1.54V0y)
(#2) SINCE I = Tp4 = Ty, and Qm 3> 177 \/v
0
\ 1 . ———————————
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n P
— 2+ ApVov .
= (10/\/0\/) (2+ :l;lp\/ov - i+ An /'XP) (ID/VOV)( ?\p{_a ¥ ADVO\/ (2- ?\ +?\Y\n

[ 220 2An Ap kg
2 Tout = (Nov/Ip) Apt An F ApVov (2~ Ap”\nuj

7) CADENCE: Design and simulate a source follower' using GPDK 45 nm process using the circuit shown in Fig. 2.
Size the transistor M, to achieve a voltage gain of Av > .8 V/V (18-623 students) or of (18-421: 0.75) and an

output resistance ranging from 60 to 80 kQ (18-623) or in the range of 50 to 100 kQ (18—421). Use Vpp = 1V.
Submit your design in netlist format (starting with “subckt source follower GND IN OUT VDD” and ending with

“ends source_follower”).

8) What’s the operation region for each transistor in your design
n,8) Since large w/L gives you smoll Vsa-Vry . Ond '\ncredses your gain

Using M: with Size 10ou/iu and Vi = esomV gINeS YoU Av = 0.81 and Togtr = 1.4k

! For the transistors, use “nmos1v” and “pmosl1v”. And for the resistors, you can use “res” from analoglLib
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Exercise 2 (50 pts): Super Source Follower

In this exercise, we will use the GPDK 45nm process to implement a super source follower (Fig. 2.1). A super source
follower uses a common-source amplifier in a feedback mode at the output stage of a source follower STA to reduce its

output resistance.

1) Using ideal current sources, draw the small-
signal model of the super-source follower. M3 I I M4
(2u/1u) (2u/1u)
2) What is the small-signal gain of the ideal o
super source follower? How does it compare Vin Vout
to the ideal from Exercise 5 (assume the 1MQ O—IE M1

transistors are all the same size)? E
_| M2

<
3) What is the output resistance of the ideal 1M%Q $. M5 M6
super source follower? How does it compare (1u/1u) |_ IE (1u/1u)
to the ideal from Exercise 5 (assume the
transistors are all the same size, and gmi=gmo, —_ —_ —_—
ro1=ro2)? - = = =
Fig 2.1 Super source follower schematic
2)
Qm (N -Voyt) = ot -V2)/To + Vout 7 oy t Gma V2 - © Vout
% % o gmav%l
QW\ (Vin-Vout ) + (Va—Nout) /Yo =0 £ QmVgs
+
@®-@ 3 Nout’ Toa tGmVs =0 Vin Va -
3 V2= ~Vout/Gm Ty i '
substitute (nfo @
= QmVin = QmVout + Vour / Fy + Vout /GmaTozlo
Qmfo Gmro

) . | N . —
3 Nogs " Vin = Qm /7 (Am* ot ovnte ) T Qmiof 1+ 1/ QmaTlon <QaNse = gro+l

3)
. \2-Vtest \test f
§ et £ Qm (0 “Vres) © T F Qmat T, ) <2 %ro OmVgs2 et
Om (O -Vtest )t (Va-Vipg ) /Mo =0 ¥ QmVas . Viegt
V. - =
@ 3 Valfo = Vtest (Gm+ 17 10) @ Vy = Vgt (Qmlot1) J:_z 2

Substitute into @)
S itest = Qmy Vest (Amlo 1) + Viest 7 Von

I 1 [
3 - L = )= 4 N = — / lo
itest = Vtest L Ama (Qmlot ) + roxl 3 Royt = T2 4 am ¥ Qo (GmTo) ¥ Qma (Qmro) < Tout, SF gm[

4) Build and simulate the super source follower and size transistor M2 to achieve an output resistance < 30 kQ (18-
623) or < 50 kQ (18-421). Use Vpp = 1V. Submit your design in netlist format (starting with “subckt
super_source_follower GND IN OUT VDD” and ending with “ends super_source follower.”)

The following design parameter achieves 15.3 kdl oufput resistance
ond Av = 0.885 in low “requency

M, Ma Vin
100w/ 14 Ju/lu 200myv
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Results from source follower simulation (Gain = 0.81, rou = 73.4Kk)
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Results from SSF simulation (Gain = 0.885, rou = 15.3Kk)
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