Source coupled MOSFET pair (differential MOSFET pair)

Vo, Vo, Inputs: V,, V, (effective input signal: Vp=V,-V,)
I1 9 al Ip2 I, ("Tail current”)
Outputs: I, Ipp (Ip1—Ipo)
V1O_|E M1 M2 :II_°V2 Ip1 Ip2
/oll xl, T Tl (1—x)1,
. V., —o V/
Function 1 2
« The input current [y is split into /5, and I,
according to fractions x and (1-x) /Ol
« x depends on Vj (x=0.5 for V;=0) x=f(V,)
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Analysis of the source coupled MOSFET pair (differential MOSFET pair)

Target: obtain the relationship between the ratio x and the

Vo ¥ - - -
Ips lo D1 D2ol I,, Inputdifferential voltage V ;
Iy =xly Ip,=(1-x)I, :> xé%
0
o—| M1 M2 _ |lo
W~ Y, Hypotheses

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

Iy can be neglected
« Strong inversion equation can be applied
V.. * |, does not depend on V,, V,
|, has been represented as an @

ideal current source placed 21,
between M1,M2 sources and Vgg:

this is just an example.

I, :§<VGS _Vz)2 = Vo =V, +
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Analysis of the source coupled MOSFET pair (differential MOSFET pair)

Vor Vb2 V=V, ,+V
Ip1 lo o7 ol Ipz «I : > ot V51 :Vsz éVS
V, =V, + Vs,
v,=V -V =V. -V
V10—1_’ M1 M2 4_|—<>V2 D 1~ Y2 GS1 Y Gs2
21 21
Vo =Vy+ S =V, + ]
IO 1 62

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

vy = 2o [P = [2 (- )
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Analysis of the source coupled MOSFET pair (differential MOSFET pair)

R R

I,y =xl, I,,=
W I 4_|—<>V2

AN A REA e AR NEs N )

\
\/2_70 = VDMAX
G

I

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

Vps V . .
brim " w lb2 v To solve this equation, we
l l v = [\/;—\/(1—?6)] have to square both hands.
DMAX In this way we add new
v1°_|l__, o 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 l’” oy —1=-2/x(1-x) [VD>O :>x>%]
DMAX

V,°—|l-_> M1 M2 o We have to square this condition

Vo1 Vb2 V
Q o) D

4 . .
2| equation again. v, | 0
3 \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)

Vb1 Vb

/ I ?
) 7 V>0 = x> | 1<0
2 VDMAX
condition 1
V,°_”-_> Mt M2 o

Vs condition 2

2 2 2 )
ax” +bx—+c
/ x2x+l[ Yo J —1 =0 :& 2 2
’ 4 (Vouax a=1,b=-—1 c:l[ Yo —1
, , 4 VDMAX
Vss X = — b + I \/b2—4ac <:E|
2a a )
11 v ¥l ‘ ’
x=—+— [1—||——| —1 x:lil 1— Yo -2 Vo +1
2 2 V omax 2 2 Voumax Vomax
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Analysis of the source coupled MOSFET pair (differential MOSFET pair)

I VDT VD2 I
011 l D2
2 4 2
M1 M2 Xlil\/Z %o | | Yo :lil Y \/2— Yo
V, °—| I_OV2 2 2 VDMAX VDMAX 2 ﬁ 2 VDMAX VDMAX
) +
CD lo condition 1 [ Vp>0 = x>§ ]
\/ss P
2 ~
g _i_l l Vo 7 Vi L Lyl 'V Vo 2
T, 2 2l % =7+ o
0 DMAX DMAX 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 <I = —Vouax <Vo <Vouux
DMAX DMAX
V10—| M1 M2 |—ov2 - -
condition 2 rdl
(D l,  The analysis is applicable only V.=V =] =]
between -Vpyax and +Vpuax v 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 VDMAX VDMAX /
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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 = Vs = Ve = Vo

Considering the boundary:
Vo = Vouax Iy =1y =V =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:

Check that this is
consistent with
other expressions
Vo of gm

I
VDMAX

8 m :\/2ﬁIDQ :‘\/610 /K
I V..V V
| dl I, g, g = LQ; V. —_GS t _ _DMAX
».IDZ :?O—I-Vdd_‘l/); :50—7\/61 { Vo = 2 2\/5
V,=0
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Large-signal dependence of the source voltage on V,

VD1 Voz / V1 :Vc _|_V_D; V2 :Vc _V_D VC: common mode
°l bz 2 2 voltage=constant

ID1 (o]
l Ve =V — Vi :\VZ_VGS/
M1 M2
V1°_|L_' '—_“_O Vs Vy=0 Ve =V, _(VGS _Vt)Q Vomax = \/§<VGS _Vr)Q

/ v

v
. =V. -V — DMAX

t T < VS —VC—VDM—V

Vo =Vpmax 2 !

VD —

Vs> Nl Yo
VS — VC + L _VGSl
_________ 2 constant

V
> Vs =V, +7D_VDMAX_V

e e T

t

0

-Vmax Viomax
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Differential output current

Ip1 OVm Vozo Iz 2
l l 1=ty lo)l Yo |y | Yo
D1
2 2 VDMAX VDMAX
M1 M2 2
V1°_”——> ‘ :I|_°V2 L L[V )] (v,
v 2 2 VDMAX VDMAX
or
A
Iy
9 R B = l
VSS | lDT ‘l’ ) |
| |
V v, | | N
IDI_IDZZIO v o 2— v 2 : : V,
DMAX DMAX : :
-
T I I 1 ho.
i =ty —lyo = 8,V VI VAN
-Vpmax
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Mosfet differential pair: real curves (calculated) and linearity

(IDI _ID2>

0.5 A1

-1.5

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

Non-linearity error:

VDMAX _ VGS -V

linear approximation
calculated around origin

v, <VD%AX:eR<1%

1

VD

< e
22 2

2 Vv
VDMAX |VD| < —E = (VGS R

V2

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

v

t

cep < 3%

) ex <15%
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BJT differential pair

I l VC1 VC2 l,
C1 C2 +1 +1
Ipy+1g =1, [:> %Ia""%lczzlo
V Q1 Q2 V, 5
. Vo =Vir —Vars I+ 1, n Iy =1,
()I VBE1 —Vp
A I, =Ige i I, I+e” =1, (] __ 1
Ve Cl Vb
/\Vee IC2 IS€ Vr < 1—|—€ Vr
_VD
@ VBEZ_VBEI _VD IOe VT
i:e Vr :eVT \ICZ_ -V,
I l+e'

17
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BJT differential pair 0.982 I,

| Ver Ve | _ ;
C1 l ,l, C2 I, =—+
Ql Q2 e
V1 V2 B ~Vp
v le'r
I, =— v,
C) / - 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 Ie, :?O"‘g?mvd
o1 | lcz
]C2:I_0_ﬁvd
v a1 @ Yoy, 22

D 1, leg _ 1,

7N Vee
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MOSFET and BJT differential pairs compared

A
ID’l Vo1 Vb2 llm 7,70 _,
I / =1 I
//

V,°_| M1 M2 |_°V2 E ~ (er-le2) E >
I LV
| |

-
e e __ 1o
| |
Ves -Vomax Voumax

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 V., Of @ BJT pair

,C1 l l ICZ Vouax = VD/MAX + 1R, To demonstrate this,
S B let us write Vp:
V, Q1 Q2 V, =4V Vo = Vg + 11 R — (VBE2 + IC2RE)
‘/R\,/V\ ! R J Viea—Veer Vi =Veer = Vi, + R, (101_Ic2)
E E _C2 e Vr
Source CD/O I,
degeneration A |
Y SR f——— e
A Vee 1 |
: lo1-le : 0.964 /0
¢ = d(lcl_lc2) E E \; Vipy —Vory = 4V,
m—ri dV
g ? Vo=0 E E | 7 Iy =15, 21, =1,
m Y
gm—rid:1+ R <gm A T---
Emte -Vomax Vomax

P. Bruschi — Microelectronic System Design 21



