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UYARI  Bu belge, el yazisi ders notlarindan Clavde (Anthropic) yardimiyla dijitale aktarilmistir.
Yardimcl kaynak olarak hazirlanmistir; hata veya eksik igerebilir. Litfen orijinal notlari ve ders
kaynaklarini esas alin.

NOTICE This document was transcribed from handwritten lecture notes with the help of
Claude (Anthropic). It is meant as a supplementary resource and may contain errors or
omissions. Always check against the original notes and official course material.

Swmall-Signal Operation of MOS Differential Pair

Vo O T

ko o

VuM V(—_-.‘b
Vgm0
o kod
Von-0id

f@hs

orijinal gizim, s. 1

Vid
+ LN
M T3

Vid

)
\
5

In ac

Clavde ile dijitallestirildi - hata igerebilir / Digitised with Claude - may contain errors 7/ 11



Elektronik IT Fark yikselteci: kigik sinyal, CMRR, ortak mod arahi

o — e
-l T~ irbual ‘L,M
v d
25>
orijinal ¢gizim, s. 1
_ _9mVidRp
Vo1 2
s = ImVid Rp
02 gl
|Asingle( = |vorl = lvoal = gmRp/2
lvor = voal
Aaird = ———— = 9mRp
i
2Ip I I-Rp
= = — [A i =
I Vov Vov il Vov

no channel length modulation (“ro is ignored”)
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lAsimglel i ) Im (ro || Rp)

|Agird = gm (ro || Rp)

The differential half circuit
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Vo1 = ~gm ' (R || ro)
Vo1
== Rp ||l r
(Vio{/z) 3IVI( D ” O)
vor_ 1
Vig 5 Im (Rp || ro)
8‘ Zo 3
e e 1
i P Gekil: Kitaptan yapistirilmis basili sekil ve formit: E
l Aq = % = gmi(ror || ro3)- (o) Aktif yiklt MOS fark yikselteci: iki E
! id !
i NMOS giris transistéri Q, Qo (girisleri Vem + vigf/2 ve Vem — Vigl2, !
'; ortak source’ta I akim kaynadi ve —Vcc), iki PMOS yik Q3, Qg (gate'leri i
i Vg'ye badli, Vpp altinda), diferansiyel gikis v q. (b) Yarim devre: Ust ]
| Uste Q3 (gate’i toprakta) ve Qp (girisi viq/2), ¢ikis orta digimde. E
: (orijinal notta, s. 3) i
A .
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orijinal gizim, s. 3

Vo1 = —9m1 Vgst (ro1 1l ro3)
Voi 1
— = = ro1 |l r
Vo2 — Vor
= 9m (ro2 Il ro3)
Vid

7 Gekil: Kitaptan yapistinlmis basili sekil: (a) kaskod aktif yiklo MOS

Ad

fark yUkselteci; giris cifti @1, Qo (girisleri Vem + Vigf2 ve Vem — Vvigl2;

ortak source’ta I akim kaynagdi ve —Vcc), Ustlerinde Q3, Qq (gate

Vg1), Qs, Qe (gate Vgo) ve Q, Qg (9ate Vi3) kaskod transistdrleri,

Vpp altinda; gikis v,g. (b) Yarim devre: Q2, Qs, Q3, Qq Ust Uste, gikis

digiminde yukar bakan Rop ve asadl bakan Ropn oklar, gikis —v,q/2.

(orijinal notta, s. 4)

Ron = )Qop = Sm"g
Ad = 9m (Smfg | SM”g)

7 Sekil- Elle gizilmis bUyUk bir dikddrtgen, sol Ust kdsesinde
kiglk bir kare; kareyi gdsteren siyah bir okun yaninda Rp,
kirmizi bir okun yaninda “MOS” yaziyor; dikddrtgenin sag

Ustinde ic yaziyor. Sadda kitaptan yapistirilmis basili formiller:

Vod

(orijinal notta, s. 4)
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Common-Mode Gain and Common-Mode Rejection Ratio
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orijinal gizim, s. 5
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orijinal gizim, s. 5
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Pembe kalemle yazilmis notlar (okunusu kismen belirsiz):

—Rp - 9mVigs
1
- Rp ——V
Pore %
+ gmVgs 2Rss = —Vgs
_ 1
T
Rp
V ==
N = Vs

VO = 2 9I'VI Vgs)ggg

CMRR: C— Common, MM = mode, R — Rejection, R — ratio

in theory
Asingtedied 5 gmR
| gledi _ 29ImKkp _
CMRRjngle = 1A |- R ImRss
single common TP

CIMRR e = \Aditedifd _ 9mRp _
[Adiffcml 0

CMRRIn maksimum olmasini isteriz
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orijinal gizim, s. 6

V, = _& Vi
o1 2/2g5 icm
)291 + A)QD
Vo2 = —ng Viem
7201 + AIQD
Vo2 = —Tss Viem
Vo2 — Vo1 = 2755 Viem
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N 'Adiffdiff‘ _ 9mRp _ 29mRss
Acmdir|  BRp  ARp[Rp

Effect of 9y, mismatch on CMRR 9,1 # Im2

2 9mRss

gm = typical valuel
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orijinal gizim, s. 7
IDhIDZ =TmA
1= % % MAN2 (Vor)2
Vo2 = £0,5V

Orneb 1
Calculate Vp, Vg, Vps and Ve if Ips = 2mA, Rp = 0,5kQ and V3 = 0,5V. Assume that Qq
and Q5 are identical with p,Cox(W/L) = 8 mAN2, Vi, = 0,5V, A =0

Claude notu: yukaridaki satirlara gére isaret muhtemelen eksi olmali: _2)9& Viem-
s
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[ Coziim:

V&g — V{—” = O,SV
0-Vc-05=05V

Vg:—TV

Voc E ST ()= 2,5V
Vgrg =1V

| In saturation

ifA#0 A=0,1
1 w
Ip1,2 = 5 WnCox (Vov)? (1 + A\pgr)

TmA = % -8 - (Vov)z . (T + }\VDST)

(Vou)? (1+ AVpgr) = 0,25
Vps = Vp — Ve = Vp + (Vgs — Vi)
=Vp+ (VGrS —Vrn— VG) + Vi

Vps = Vp + (Voy = Vg) + Ven?
VDS = VOV + 2

(Vov)? (1+0,1(Vou + 2)) = 0,25 Voy = x olsun

x2(1+0,1x +0,2) = 0,25
x% (1,2 + 0,1x) = 0,25

Vov = 0,448V
VCT'ST,2 = O,q48\/
Vg2 = —0,948V

2Satirin Uzerinde oklarla Vp — 1,5, Vg — 0 ve Vi, — 0,5 degerleri yazilmis.
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Common mode Range

orijinal gizim, s. 8

= Ornek
What is the input common mode range? @ and Q5 are identical.
Rp = 0,5kQ
lnCox WL = 8 mAN?
Ver,2,3 = 0,5V
Vgz = -1V
[ Coziim:
1 b 2
1= 5 8 mMANE (Vo)
V&'g - Vtm =0,5
V&g =1V
Vp=2-0,5-TmA
=15V
VA
Vgsz = -1-(=2) =1V
Vo =1-0,5=0,5V
1
Vpss 2 Vo3 sat kosulu
Vps3 2 O,SV
Vps 2 -1,5V
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[ Cozim:
VC/I/I = (—1,5) -05=20

Triodtan kaginmas! lazim Usttekinin

Vps 2 Vs — Ve
Vp 2 Veg — 0,5
Vp+0,52 Ve
22Vem

-1V=sVims 2V input cm range

Ornek 3

A MOS differential pair is operated at a bias current (I) of 0,4 mA. If wpCox = 0,2 MA/N2,
find the required values of (W/L) and the resulting gn, if the MOSFETs are operated at
Vov = 0,2V, 0,3V and 0,4 V. For each value give the max v;q

[ Coviim:
Im = 0,2 m#A

I=0,4mA —
Ips = 0,2 mA

1 W
0,2 MA’ = 5 HVlCOX <L> (VOV)2

2= () Car??

w 2
(,) = Gy S0 = W=S0um L=Tum

For Vo, = 0,2V

max(vjq) = ?
'_\/5 VOV < Vld = \/5\/0\/
~ 0,2808 ~ 280 mV

Pay ve paydadaki 0,2 gizilerek sadelestirilmis.
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