StrongARM: insights from literature

Analysis inspired by “The StrongARM Latch” paper from Prof. B. Razavi
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Dynamic comparator: StrongARM structure
Reset switches —

- V., ° First proposed as Sense Amplifier
clk —||'_J—||'_JI ws b I vs L_'||—L_'H— clk  TorSRAM
s1] <o )| 3 4 (used in StrongARM
V V° microprocessor, in the ‘90s)
out+ out-
Latch — — i I_ _I HE * No static-power consumption
@ L 4 @ o
- CP P Q CQ;;E;; * Rail-to-rail outputs
= Vin_—l M1 M2 Il/m i  ComparesV,, =V, *V. on the rising
Lﬂ rJ edge of the clock signal
clk—| M7 e OQOutput valid when clk=1. During
1 \ clk=0, both Vout+, Vout- are at vdd

Clocked differential pair
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Dynamic comparator: StrongARM structure

Reset switches —

P o
Vid
clk —||'_J—||'_JI M5k I Ve L_'||—L_'H—clk
S1| S2 1 ? <)53 S4
Vout+ Vout-
Latch — — M3 I_ _I s °
i TP | R
:fii:cp Q CQ_I_

Vi”—'ll_’lMl Mzrj|y"‘+ .

Zero input-referred hysteresis:

at each reset phase, the
comparator loses ‘memory’ of the
previous cycle state.

Nevertheless: the comparator will

evolve to a full logical state.
(Latch: level regeneration)

Operation in 3 phases:
(i) Reset, (ii) Amplification,
(iii) Regeneration

Clocked differential pair
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StrongARM: Reset Phase

Vdd
M6 |—L'H— clk
4 S3 S4 0
M4 Vout-
| . * The input pair devices are off
R CQ::;::  NodesP,Q,V,,, V., are
Vins = connected to V_, through $1-54

* Latchisinactive

* Parassitic Cr and Cq are
precharged to Vg4
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StrongARM: Amplification Phase

Vdd

clk clk

1 1

o—— ~—=0
VOUt+ Vout_
* S1-54 go off, M7 goes on
¢ P Q' ¢
::;:: CP /11 l, CQ:f:i: * The input pair is on

Vm__“__,lMl le‘Jll/i.—hL e |, 1, start discharging the parasitic

capacitances C,, C,at nodes P, Q

I I

clk—{| . ™7 e DependingonV._=V. -V. nodePis
1 1 discharged faster/slower than node Q
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StrongARM:
V
cuﬁt“—u;J MLs"|—| ¢-| P T T
1 Si| s2 { S3 | s4 1
Vout+ Mﬁ_lj L' M4 Vout-
fc P Q[ c.
+ )
g‘”—ll__ﬂm S Mzﬁ__"yin+
clk—[ M7
1 - y

Pseudo-differential pair
(when clk=1, M7
connects node S to gnd)

—

Amplification Phase

€ 5 ;\
:fif: CP Ill [2 CQII;:
) VirLII;Ml Mzgl_um )
S
—1
ICM\ 51 ( cmt V;ﬁ)
\
rﬁlg{(v o V)£ \ Via
J c ‘ 1 t ) ml 9
Bia, o, > Vid
_?(Vc*mz — V:t) + dm1i 9
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StrongARM: Amplification Phase

Amplification phase

V
dd = k=1
clk ~}"!—||'_J' MLs*h ﬂ 6 I—H clk fe.e.set;f('; 2,. (clk=1)
1 st s2 [ s3 | s4 9 ws V.=V V>0
Vout+ M3 Ll M4 Vout- dd
V-V
_":‘:: P Q C ':?:: oo !
ok o 7% !
in_—I M1 S M2 I_in+ :
>
t, t
CI]lf_IE‘[LM7 Voutx,vout— A
- Amplification lasts Va
) appromidatively until
% _ i (Ve+Vo)/2 reaches V -V, Vaa[Vinpl
] Cp Cp,oVinn
dv, , T =
Yo _ _ 2 Lo .
L dt Cp t
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StrongARM: Amplification Phase

£ OP,thn
A ™ Toa ta is also dependent on input
common mode, slower for lower Vemi
gain A
[ dmi
Vp — Vo = ta|Vid
Cpq
\

Gain A is not precise, and it is dependent on input

common mode: )
A — g t A 21 CM Ltth.n . 2%1’1%
— 1 — . —
" CP,Q ch.z' - I/t 1 C'M chi - ‘/t

Is the condition A>1 always guaranteed?

Numerical example: Vcni=1.7 V, Vi = 0.5 V (input pair)

Vinn = 0.6 V (cross coupled NMOS, beneficial body effect)
—> A=1.For Vg, > 1.7V, there is no amplification!

Reset (clk=0)

Amplification phase
(clk=1)

P.Q

\/id = \/in+-\/in- > O

Vd
Vaa-Vinn ].
| Vp — Vo
I
I
I
>
ta t
Voutx,vout—
Vd
Vdd'|Vthp|
>
t
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StrongARM: Amplification Phase, continued

V * When voltages at nodes P,Q go
clk ?:Cljk lower than V_ -V, , M3-M4 turn on
- 5 1+ Once on, M3-M4 can be regarded
Vout+ M3 I_T LIE,L Vout- as batteries (~Vin):
+ Ve o
::?::C [P Ql CQ::?:: Vﬂf’t ~ Vo o+ Vinn
L + out ~ VP T V};hn

P
V‘”—'ll__nm Mz;_||l/in+
* Nodes P,Q keep discharging and
cIk—|qM7 Ve V.. Start discharging
1 4

differently according to the
unbalance of P and Q
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StrongARM: Amplification Phase, continued

‘ « ‘ —V 4 Reset (clk=0)  Amplification (clk=1)
C||( T | < (uc’ll | arvP — Ik - > < >
AN o D D PQ
1 S S4 1 V.,
Vaa-Vinn \
>
V V t
outx, out-
Vdd _\
Vdd'|Vthp| :
Vp — VQ = AVl.;d > ()
+ T~ .
Vaut — Yout ™ AV@d > 0 >
tfl / R t
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StrongARM: Regeneration Phase
V

: . dd « WhenV,  orV,, goeslower than
M6 — Il clk ViV, |- ONE between M5 and M6
2 ca 1 turns on:

_I M4 Vout- > 1) If Vout- hits first, M5 turns on, and
Vout+ is pulled towards Vdd (M6 is off)

. . ] . [ ]
A C P Q C -t. 2) M4 is more “conductive” allowing
H : Vout- to lower. M2 evuentually enters
+ L (] .
linear region.

. V.
IrLII;Ml M2;||_|n+
3) M3 progressively turns off due to

lowering Vout-. Hence it cuts the M5-

clk | ™7 ~ M3DC path
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StrongARM: Regeneration Phase

Reset (clk=0) ‘ ~Regeneration (clk=1)

V —_—
dd h "
clk 1= g e Pl PQ
1 5T F h 16— clk v P Amplification (clk=1)
M3 Vaa~Vim ~
\/id = \/in+_\/in- >0
>
t
Vout+,Vout-
h llowed h gnd Ve I
Regeneration Phase: Vout- is allowed to reach gn =
s 8 Vdd-|Vthp| _ VOUt Vdd
Once the regeneration is finished, no static power | V=0
consumption is present
(M3 cuts off the current path from V_, to ground) >
t
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StrongARM: (Next) Reset Phase
Amplification (clk=1)
Reset (clk=0) ' Reset (¢lk=0)

I — |
‘ L} ‘r‘

PQ
\V Regeneratlon (clk=1)
dd
Vdd_\/thn \ ‘
Vout+ out-
Vg
e S1-S4rechargenodeP,Q,V, .V, toV, VadaVinl

* Need of a second latch to store the result
of the comparison during the reset phase

ﬁA {h’ t
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StrongARM: Kick back effect

The kick back effect is evident at the comparator inputs Vin-

and Vin+ Fﬂ’; I
Vin+ |
It implies a sudden demand of charge seen at those input N
terminals due to the sharp transition of the internal voltages, ka_ Vﬂut
similar to the charge injection effects of a switch turn-on and V., —— —
turn-off "
For each comparison cycle, input pair devices (M1, M2) are clk

first turned on, and the regenerative action of the latch bring
them again to the off state

Charge demand is different from port Vin- and port Vin+: it kad - QMH— ka_
has a differential-mode component (Qkbd) and a common- Qkhqt -+ ka—
mode component (Qkbc) kac — J 9 J

Qkbd depends on Vid (input differential voltage)
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StrongARM: Kick back effect

Driving circuit 1. Suppose a “weak” driving circuit: (Typically an OTA with high

Va 4%{, | impedance output nodes, cap-loaded, or a compensated 2-stage
I OTA)
ka_ J_ Vt:-ut
— 4+ 2. Suppose the case of a constant VA > VB
Ve
clk The first decision is correct (Vout="1"), if VA and VB would be kept
A constant all the following decisions should be “1”
V, clk
________ However: VA and VB are upset by a different amount due to Qkbd

Vi e

The system is slow to recover, hence when the second clk rising

.-"“'"'# edge occurs VA < VB: the comparator now provides a wrong
- decision
: N Lo Jt
T Decision 1: T Decision 2: The result of the second decision has been influenced by the
V. =g V.. =0 result of the previous decision: this is similar to an hysteretic
out out effect (undesired in this case)
(V> V) (V, < Vp)
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clk

Clock rising edge

iPh
igh

jTJ
. S
JV

out-

StrongARM: Kick back effect

Regeneration Clock falling edge

L Ve
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StrongARM: Kick back effect, possible solution
CT preamplifier

O 1= S g (2=

Vin+

C|k0_—|_ _EC”( j . 1

-

Use of a preamp-like structure:
‘/Greatly reduces signal swing coupled to the input pair.
X Implies static power consumption
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StrongARM: input referred noise characterization

For such strongly non-linear circuit transfer function is
undefined, hence there exist no straight-forward “referring to

input” procedure clk

Most of the noise that may affect the decision is produced 1
before the regeneration phase (i.e. during the amplification
phase)

The amplification phase is governed by the input pair (M1,
M2). Once the cross coupled M3 and M4 turn on (during the

last part of the amplification phase) they also provide a small clk—]
contribution to total accumulated noise charge on CP, CQ. 1

The gain during the amplification phase is “dynamic”: it
depends on a time interval (ta, tz). Analytical expressions can
be found but are complex
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VDU'[ )

StrongARM: input referred noise characterization

The goal is to find the sigma of a
supposed normal distribution (Transient
Noise simulations)

fy (X) .

Probability
of Zeros

Probability
of Ones

If inputs are at the same potential there

¢ 0 X is equal probability of having “0s” (n0O)
and “1s” (n1)
Brob b_:f %) - Differential input slightly skewed to
roDabiity ; Probability have different nO and n1 counts. In the
Gf ZEFDS : Of Ones

example n1>n0

>V

ni 1 — Y; fz(x) dx

i v
T —"-"36 no _i;;, fm(aj) dx
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StrongARM: input referred noise characterization

Probability

n1/n0

1/2 ——

| 2

!
/

F

Best fit of
Gaussian
Integral

ﬁr: (:E ) 4
Derivative: ?
20
T
-

Eventually try a couple of VS values to provide more points for best fit algorithm

Note: VS should be chosen to be reasonably distant from probability = 1, 0 and %2

P. Bruschi — Design of Mixed Signal Circuits 20



	Slide 1
	Dynamic comparator: StrongARM structure
	Dynamic comparator: StrongARM structure (2)
	StrongARM: Reset Phase
	StrongARM: Amplification Phase
	Slide 6
	Slide 7
	Slide 8
	StrongARM: Amplification Phase, continued
	StrongARM: Amplification Phase, continued (2)
	StrongARM: Regeneration Phase
	StrongARM: Regeneration Phase (2)
	StrongARM: (Next) Reset Phase
	StrongARM: Kick back effect
	StrongARM: Kick back effect (2)
	StrongARM: Kick back effect (3)
	StrongARM: Kick back effect, possible solution
	Slide 18
	Slide 19
	Slide 20

