Source coupled MOSFET pair (differential MOSFET pair)

Vo1 Voz_ Inputs: V,, V, (effective input signal: V=V,-V,)
Ip1 7 7] o2 I, ("Tail current")
Outputs: /py, Ipp (Ip1—Ipo)
V1O_|l——> LU 4_—“_0\/2 Ipr b2
/oll A, T Tl (1)1,
. V., O —oV/
Function 1 2
« The input current [y is split into /5, and I,
according to fractions X and (1-
Ing I (1-X) /Ol x:f(VD)

* Xdepends on Vj (x=0.5 for V=0)
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Analysis of the source coupled MOSFET pair (differential MOSFET pair)

Target: obtain the relationship between the ratio x and the
input differential voltage V

ID1 lOVD1 VDZOl IDZ i
Iy =xl, 1,,=(1-x)I, ) xéli1
0

o—| M1 M2 o
V1 L_’ ‘_'I Vs Hypotheses

« M1 and M2 work in saturation and the effect of Vg

Iy can be neglected
« Strong inversion equation can be applied
AS * |, does not depend on V,, V,
For this analysis, |, is represented @
as an ideal current source and we 3 ) 2]
will focus on the effect of V=V,-V, 1= 5<VGS —V.) = Vo =V, +,| =P
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Analysis of the source coupled MOSFET pair (differential MOSFET pair)

VD1 VDZ

Ip1 lo ol Ip;
V1o—{l: M1 M2 :“—0 Vo =V =V, = Vi = Viso

v,
21 21
Vot |22
5,

Nominal conditions: M1=M2: 3,=B.,=p and V,;=V,, (Vz51=V5s).

vy = 2o [P = [2 (- )
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{‘G — VSI —I_VGSl
V, =V + Vs,

D1

Vo=V, +
IO 1

VSS




Analysis of the source coupled MOSFET pair (differential MOSFET pair)

Io loVD’ vDZolfoz \/7 \/7 \f NN

V1 o_'ll: M1 M2 :“—O Dl — XI ID2

V2

R A R REAN eI N e N )

\
\/2_70 = VDMAX
G

I

VDMAX
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Analysis of the source coupled MOSFET pair (differential MOSFET pair)

Vo, Vs . .
boria ol Ip2 v To solve this equation, we
l l > = [\/;—\/(1—?6)] have to square both hands.
DMAX In this way we add new
v1°_|l__. i solutions that are not valid.
Before squaring, we have to note that:
VSS

1
VD>O :>)C>5]

¥+ (1—x)=2,/x(1—x)

condition 1

VDMAX
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Analysis of the source coupled MOSFET pair (differential MOSFET pair)
2

'D’l" —1=-2x(1-x) V50 = x>
Vomax 2

V1°_”-_> Mt M2 ko We have to square this condition 1

Vo1 Vb2 Vv,

ol Ip> ~

4 : .
2| equation again. v, | 0
N \ThIS tlrrle, thze condition is: |:> Voo =
Vo | 4| _ 4x(1—x) condition 2
VSS VDMAX
[ 2
2 P | V
1 v, | X —x4+—||—2—| —1] =0
1 T TATE 41|V
4 VDMAX —V DMAX
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Analysis of the source coupled MOSFET pair (differential MOSFET pair)

VD1 VD2

/ / ?
" T V>0 = x> % | 1<0
2 VDMAX
condition 1
V1°_”—_> M1 M2 o

V, condition 2

I X —Xx+—

a=1,b=—1,c=

2 2
0 |E ax” +bx—+c
B 1 v,

4 [ VDMAX

~

, 12
]1

J

4

VD

VDMAX

2
N
272
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Analysis of the source coupled MOSFET pair (differential MOSFET pair)

I VD1 VD2 I
D1l l D2 > 7 >
xlil\/z Yo — Yo :lil Vo \/2_ Vo
V; 0_1 Wl e |_°V2 2 2 VDMAX VDMAX 2 ﬁ 2 VDMAX VDMAX
) +
CD lo condition 1 [ Vp >0 = x>§ ]
\/sS P
2 ~
Kx:i:l l[ Yo J\/Z[ Y J I —IO—I—IO Vb p - Vo 2
1 0 2 2 VDMAX VDMAX . 2 2 VDMAX VDMAX
< _ < 2
l—X:Iﬂ:l—l VD \/2_ VD I :IO_IO VD \/2_ VD
D2
_ 1 0 2 2 VDMAX VDMAX - 2 2 VDMAX VDMAX
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Ips Ip2 2
l l [VVD —1=0 [> VVD <1 = —Viouux <Vo <Viuax
DMAX DMAX
v, LM M2 |—<:>V2 - -
condition 2 rdl
CD Il The analysis is applicable only V.=V =] =]
between -Vpyax and +Vpuax o o
Ve 7 -
I IV v, |
IDI — 0 + 0 D 2_ D
2 2 VDMAX VDMAX
2
] _Io_Io VD J\/z VD
D2
2 2 Vomax Vomax /
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Derivative of the differential pair input-output curves (optional)

2
I

Im:IO+IO[ Y ] 2[ Y J Z—O[I—FZ\/z—ZZ} withzz[ Yo ]
2 2 (Vpux Vomax 2 Voumax

dIm: I, \/2_72_ 27° _ I, 2-7"-7° _ I, 1-7°

AV, 2Viux 2277 Vouax N2—7° Vomax N2 —7°
r _ al,, 2]

Vp = :tVDMAX E> dVD =0 ?O = VDMAX
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Extrapolation outside the -Vpyax=Vp =Vpuax region

| Vo =Vesi = Vesa = Vosa = Vosi = Vo
D2

| Considering the boundary:

V,°_| M1 M2 | Vo =Vouax Iy =1,=Vs; =V, +

{VGSI =V, +Vouax
Voso =Vesi —Vp =V,

If V, increases over Vpyax :

Vg1 cannot increase because
|51 would become > |, which is
impossible.

Then Vg, gets smaller than V,
lp> keeps being =0

lp1 Keeps being = |,

The opposite occurs when V/
decreases below V4 :
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Mosfet differential pair: parameters
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Small signal behavior

For small variations (v4) of V around O:

g, = 1/251DQ = /B,

But also:

1 dl I, g, I
T - ===, gm:ﬁ<VGS_‘/t>:£
dv, 2 2 |78
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Differential output current

Ip1 on VDZo Ip2 I I( v v Y
l _ Yo 0 D . D
l IDl — —|— 2
2 2 VDMAX VDMAX
M1 M2
V1 o_lE jl_oVZ I ﬁ_i VD 2 _ VD :
[ v 2 2 VDMAX VDMAX
or
A
/
L i ey T L
Vss : Ir-lpy 1
| |
v v, | | BN
1 Dl 1 D2 — 1 0 o 2— 2 : : V
Vomax V omax : : D
| I -IO
. : . SRRE= ... P —— L
i =ty —lyo = 8,V VI VA
-Vpmax
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Mosfet differential pair: real curves (calculated) and linearity

(IDI _ID2>

IO 1.0 1

L O SRS —— E— " . S—— — .

H H H H H i

~1.0 {4

—1.5

.......................................................................................................................................

linear approximation
calculated around origin

Non-linearity error:

VD

VD

<VD%AX:eR<1%

VDMAX —

Voo =V

1

<
22

2

|VD|<VD%: e, < 1%

Vv

|VD | < DMAX

V2

— (VGS -

v

t

cep < 3%

) ex <15%
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Large-signal dependence of the source voltage on V/,

Vo1 Vb2 I V=V. _|_V_D; V,=V. Y V.: common mode
°l bz 2 2 voltage=constant

ID1 lo
V=V, — Vs :\Vz _VGS/
M1 M2
V1°_|L—’ :“_oVQ Vly,-o = Ve =V, —(Vas _Vf)Q Vouax = \/5<VGS _Vt>Q

/ v

v
. =V. -V — DMAX

t T < VS —VC—VDM—V

Vo =Vpmax 2 !

VD —

Vs> T Y
VS :VC _|__D_VG51
_________ 2 " constant

v
> VS:VC+7D_<VDMAX ""Vt)

e e

0

-Vmax Vomax
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Small-signal dependence of the source voltage on V,

I idl VD1 VD2 ld2,
D1 lo o| 'D2
Va v,
2 2
V o—|[: M1 M2 :“—o g
k V2 -Vmax 7

/I7 77 \ For small differential voltages (vy<<Vpuax), the source potential
0 is practically constant.
/ Therefore, in a small signal analysis, for only differential signal

Vs applied, vs can be considered zero (i.e. the source is at gnd).
_ vd . _ vd . vd . vd
Vst _7’ Vesa = _7 Lin = 8mVes1t = gm?; Lio = 8mVes2 = _gm?
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BJT differential pair

I l VC1 VC2 l,
C1 Cc2 +1 +1
Ipy+1g =1, [:> %Ia""%lczzlo
V Q1 Q2 v, 5
* Vo =Vir —Vars I+ 1, n Iy =1,
C)I VBE1 —Vp
T 0 ley=1Ige " I, I+e” =1, (] __ 1
Ve Cl Vb
AVee Icz ISe Vr < l+e Vr
_VD
@ VBEZ_VBEI _VD IOe VT
i:e Vr :eVT \ICZ_ -V,
I l+e'

18
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BJT differential pair 0.982 I,

I VC1 VC2 [ - 7
C1 ,l, l C2 I, =—+
Ql Q2 e
V1 V2 B ~Vp
v le'r
I, =— v,
() / - l4+e "
x 0
AVee
-V, Yo Y Vb
l_e Vr eZVT (eZVT _eZVT ) V
I.,—1.,=1, =" Iey =1y =1y—————, = I, tanh 2—D
14e Vr esz (esz _|_62VT) T
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BJT differential pair - small signal currents

~

Ver Ve Le, :304‘%%‘%
o1 | lc:
lo, = I_O_&Vd
V, Q1 Q2 V, 2 2

D 1, leg _ 1,

7N Vee
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MOSFET and BJT differential pairs compared

'VDMAX
In the mosfet pair, Vax can be
varied by modifying 3 and I,

Paremeter g,, depends on

both |, and B:
VDMAX — %
\ 3

N

(Note: a mosfet pair in
subthreshold region
behaves like a BJT pair
with the substitution:

mV, — V.

NS /

In the BJT pair, Vpyax IS
fixed to around 4V

Paremeter g,
depends only on |,
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How to increase the V4 Of a BJT pair

IC1 l l IC2 Vouax = VD/MAX + 1R, To demonstrate this,
S B let us write Vp:
V; Q1 Q2 V, = 4Vp Vo = Ve + 1o Ry — (VBE2 + IC2RE)
‘g/v\ ! R J Viea—Veer Vi =Veer = Vi, + R, (101_Ic2)
=) E _C2 e Vr
Source CD/O I,
degeneration A |
Y o e e s
A Vee : !
: lc1-1c : 0.964 /0
gm—rid — d (IC1 — ICZ) E E > VBEI o VBEZ g 4VT
Vo im0 | Vo I, —1,,=1, >~1I
g i : I, D1 p2 = tp1 = 1o
gm—rid_1+ mR gm S T---
Emte -Vomax Vomax
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