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8-Bit, 100MHz

FLASH A/D CONVERTER

DESCRIPTION
The MN5901 is an ultra-high speed monolithic Analog to Digital
converter which has 8-bit resolution and a guaranteed conver-
sion speed (strobe frequency) of 100MHz. The MNsgO1 utilizes
the "flash" or parallel principle, whereby a field of 25S com-
parators simultaneously determine the precise analog input. The
comparators' outputs are converted to ECL compatible outputs
through three encoding stages which are activated by two strobe
signals. The MN5901's input is easily driven by a s0-ohm source
without the burden of a pre-amplifier or level shifter. Reference
sense pins +Vner,s and -Vner,s allow compensation for voltage
drops at the top and bottom of the reference resistance string
which contribute to the MN5901's precise end point accuracy
(1LSB max over the full operating temperature range).
Packaged in a small 24-pin hermetically sealed ceramic DIB the
MN5901 otfers outstanding differential linearity (.gsLSB max
over the specified temperature range) and a high signal-to-
noise-ratio (SNR) of 38dB min at 35MHz as well as a precise
endpoint accuracy of lLSB max over the full temperature range.
Micro Networks provides important dynamic testing of dynamic
linearity (etfective bits), signal-to-noise-ratio, and total harmonic
distortion over the full operating temperature range at a conver-
sion rate of 100MHz for 1000/o of all military temperature range
devices. The MN5901 is specified for operation from -4.sv sup-
plies for output compatibility with 100K ECL logic and
is also compatible with 10K ECL logic when operated from -s.a/.

Devices are offered for operation over -2soc to +8soC (case),
and -55oC to +125oC (case, H models). Contact factory for
availability of fully compliant MIL-STD-883, Method s008 devices.

APPLICATIONS

Radar Systems
Digital Oscilloscopes
Automatic Test Equipment
ECM Equipment
Analytical Systems
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FEATURES
o 8-Bit Resolution
o 100MHz Min. Convercion Rate
. 80MHz large Signal Bandwidth
o 5.0 Effiective Bits, fan =35MHz

(Guaranteed Over Temp Range)
o Balanced lnput Range
. End Point Errcr 1LSB Max

(Guaranteed Over Temp Range)
o .85LSB ilax Linearity

(Guaranteed Over Temp Range)
o 100K ECL Compatible Output Data
o Operating Temp Range

-55oC to +125t case, (Optional)

24 PIN SIDE.BRAZED DIP
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ABSOU'TE MAXIMUM RATINGS

Operating Temperature Range (case)
Specified Temperature Range (case):

MN5901
MN5901H, MN5901H-883

Storage Tempe ratu re Range
Positive Supply Voltages (+Vcc, +Vcc, o)
Negative Supply Voltages (-Vee, Vee, o)
Reference Voltages (+Vner, -Vner)
Analog Input Voltage (Vnrn)
Digital Input Voltages
Output Current (loo - loz)

MN5901 8-Bit 100MHz AID CONVERTER

ORDERING INFORIIATION

-55oC to +125oC

-25oC to +85oC
-55oC to +125oC
-65"C to +150oC
-0.3 to +6.0 Volts
+03 to -6O Volts
-2.5 to +1.5 Volts
-2.5 to +1.5 Volts
-3.5 to +0.0 Volts

20mA

PART NUMBER ilN5901H-883

Add sutfix "H" for -55oG to
+125oC operation.

Add "-883" sutfix to "H" models for
MIL-STD-883 compliant devices.

Thermal Information
Thermal resistance:

Junction-tocase (bottom of package)

Junction-to-ambient, free air dissipation
2.6oC/W
440cfiN

SPEG|F|CAnONS(Tr=+25rC, V6qV6go=+5.W;Va,Ve,o=-{sv; +VE=+1.00\r; -vner=-l.oolunlsoth.illsnotrd)

ANALOG INPUTS MIN. TYP. MAX. UNITS

Input Voltage Range
Analog Input Current (Varr.r > +Vner)

(Note 1) (Verru ' -Vner)
lnput lmpedance
Input Capacitance (Verr.r > +Vner)

(VerN = -Vner)
Full Power Bandwidth (Note 2)

-2
150

+ 1

6
50
60
80

+1
700
10

Volts
ttA
FA

KOhms
pF
pF

MHz

REFERENCE INPUTS
Reference Voltages (Note 3) (+Vner, -Vner)

Reference Ladder Resistance
Ladder Temperature Coeff icient

-2.O
105 150

0.45

+1.0
190

Volts
Ohms

OhmJoC

DIGITAL INPUTS
Logic Levels: Over Temperature (Note 4)

Logic "1"

Logic "0"

Logic Currents: Over Temperature (Note 4)
Logic "1" (VsrR =VrH)

Logic "0" (Vg1P =!14

lnput Capacitance
Pulse Width Low:

STR 1
STR 2

-1 .165

4
3

5

-1.475

30
40

Volts
Volts

tA
nA
pF

NS

NS

DIGITAL OUTPUTS
Logic Levels: Over Temperature (Notes 4 & 5)

Logic "1"

Logic "0"

Output Rise Time (Note 6)
output FallTime (Note 6)

-1025
-1.810

-.880
-1.620

3
3

Volts
Volts
ns
ns

TRANSFER CHARACTERISTICS

Integral Nonlinearity Error
Over Temperature (Note 4)

Ditferential Linearity Error
Over Temperature (Note 4)

No Missing Codes
End Point Error (Note 7)

Over Temperature (Notes 4 &7)

Guaranteed O

|  + .5
t -

| +.85
|  +.0
I t.gs
ver Temperature
| +.90
I tr.o

LSB
LSB
LSB
LSB

LSB
LSB



MIN. TYP. MAX. UNITS
DYNAiIIC PERFORMANCE
Conversion Rate o,'rrer Temperature
Aperture Delay
Aperture Jifter
Conversion Time (Notes 6 & 8)
Output Propagation Delay (Notes 6 & 9)
Output Hold Time (Ndes 6 & 15)
Transient Response (Nde 10)
Overrcltage Recwery Time (Nde 11)

100

5

125
1

25

10

10
10

20
15

MHz
ns
ps
ns
ns
ns
ns
ns

AC LINEARITY (Note 12)
Dynamic Linearity (Etfecti\€ Bi$

hn = IOMHz
fAru = 10MHz
frul = 35MHz Over Temperature (Note 4)

Signal-to Noise Ratio (SNR)
frul = IOMHz
fnn = 10MHz
fAN = 35MHz Over Temperature (Note 4)

Tctal Harmonic Distortion (IHD)
fAN = 1.0MHz
frul = 10MHz
fAN = 35MHz Over Temperature (Note 4)

7.0
6.0
5.0

42
N
38

75
7.0
5.4

I
47
4

-52
-47
-35

-42
-40
-33

dB
dB
dB

dB
dB
dB

dB
dB
dB

POWER SUPPLIES (Note 13)
Positive Supply Current (lcc+ lcc, o)

Over Temperature
Negative Supply Current (lee + lee, o) (Note 14)

Over Temperature (Note 4)
Fower Consumflion 25oC

Over Temperature (Note 4)
Fower Supply Rejection

Vcc
Vee

180

83

1 3

35
35

2W
210
95
100
1.4i!
1.5

mA
mA
mA
mA

Watts
Watts

dB
dB

SPECIFICATION NOTES
1. Analog input current varies linearly as a function of input rroltage. see Figure

4, Analog Input Current \rersus Analog Input \bltago.
2. Full Fomgr Bandwidth is the input frequency at which th€ output amplitude

drops 3dB with respect to the measured output amplitude when driven by a
S0ohm line terminated in 50 ohms.

3. +Vner must ahlala be more positive than -Vner.
4. This specification is guaranteed or€r the applicable temperature range.
5. Digitaloutputs are measured with an output load of 100 ohms connected to

-2 Volts.
6. Measured on the MSB.
7. The positiw end point enor is measured with the analog input equalto +Vner

less 15 LSB's. The negative endpoint error is measured with the analog input
equalto -Vner plus 05 LSB's.

8. Includes one fullclock conversion (10 ns) plus output popagation delay time.
9. Measured from falling edge ol STR2 to data valid.

10. Fullstep to &bit accuracy.
11. Time to reoorer to &bit accurary after an wenoltage whose input is equalto

15096 of the Full€cale input voltrage.

12. The AC linearity tests are performed at 100MHz sampling rate using the re@m-
mended strobe timing. The specified performance characteristics are derived
from the FFT of the @nverter's response to a full scale (2 Vpp) sinalarre in-
put. The analog input source impedance is 25 otrms (50 ohm lirp with a 50 ohm
termination).

13. For normal operation, the porer supplies should remain stable within +5026
(Vcc, Vcc, o = +SOOy' +.25V and VgE, VEE, o = -45V +.%II The positive sup
plies, V66 and Vss, e, may be operated from seperate povner supplies with the
rcstriction that voltago difbrential bdw€€n tho two supplies is no greater than
0.1 \bhs. Simihrly the negathe supplies, Vee Snd Vsq q may be operated from
soparate supplies with the rostriction that the \roltage differential between the
two supplies be no greater than 0.1 \blts.

14. The MN5901's dQibl ouFub are compatibte with 10K Ect logic when operrated
from -5.4/ rather than -45v. operation from - 5.x/ will result in an increase
in porer consumption.

15. Measured from the falling edge of STR2 to previous data invalid.



Strobe 1  St robe 2 01 02 0l

Flgurc 1.
Block Dlagram

APPLICATION INFORMATION
The MN5901 has an input loltage range which is symmetrical about
ground and has a low input capacitance. lt can be easily driven from
either a monolithic amplifier or a 50ohm system without the burden
of pre-amplifiers or level shitters. Lower input impedances will,
however, result in improved performance. When driving the input
with an amplifier, care should b€ taken to select one that has a high
bandwidth and low output impedance to fully utilize the MN5901's
wide input bandwidth. Two analog input pins are provided in order
to reduce the losses caused by lead inductance. The user should
connect these two pins together close to the package.

Internal reference voltages for the MN5901's 255 comparators are
derived from the Vner inputs by means of a reference ladder net-
work. The MN5901 prwides both reference input pins and reference
sense pins. This allows the user to compensate for voltage errorc
caused by l-R drops from the reference inputs through the package
to the reference ladder. Test circuit, Figure 8 includes circuitry that
has been proven to be a simple and effective means of driving the
reference inputs. The MN5901 does not include an overflow func-
tion. Consequently, the digital output will remain at 11111111 for inpuF
more positive than +Vner ord will stay at 00000000 for inputs more
negative than -Vner. The pin Vner,u rbquires no adjustments and
is provided for RF decoupling only.

LAYOUT SUGGESTIONS - lt is strongly recommended that a
substantial ground plane be placed under and around the MN5901.
This can serve as the common tie point for both analog and digital
grounds. An alternatile is to use separate analog and digitalground
planes. In this case, the digitalground plane should surround the
digitaloutput and clock pins and the analog ground plane should

surround the analog input and reference pins. The analog and digital
grounds should then be connected together with a 1 uh inductor.
A third alternatiw is to use a single ground plane which is connected
to digital ground. Both Analog GND and Digital GND pins on the
MN5901 can be connected to this ground plane. The Analog and
Vner inputs should be referenced to a separate analog ground
which could be RF isolated from digital ground through a 1uh in-
ductor. There is an additional pin, GND1, provided for the collec-
tors of the output emitter bllotsrs. This pin may be connected direct-
ly at the MN5901 to Digital Gnd or it may be connected to a com-
mon system ground externaltothe MN5901. In the lattercase, it is
recommended that the connecting wire have a ferrite bead around
it. The selection of which grounding scheme is the best one to use
is dependent on system configuration and noise lewls. Experimen-
tation is recommended.

Interference from digitalswitching may be minimized by isolating
the various supplies. This can be accomplished by connecting
1 uh inductors in series with each trf the four porer supply pins:
Vcc, Vcq o, VeE and Vee, o.

It is recommended that Oluf ceramic decoupling capacitors be con-
nected directly at the MN5901 to reduce the etfects of sptem noise
on converter accuracy. The +VneR *Vners; -Vner, -Vner, s and
Vner, u pins should be decoupled to analog ground. The Vsq o snd
Vee, o pins should be decoupled tcr digital ground. Vcc and Vee
should be decoupled to whichever ground the Analog GND pin is
connected. Low-inductance chip capacitors will provide the best
results.



STROBE TIMING
Each of the 255 comparators in the MNsgol consists of a differen-
tial amplifier followed by a master/slave register stage. The master
and slave sections qlle regisle1are controlled ind6pendently us-
ing strobe signals, STRI and STR2, respectively.

when srRl is low, the master section samples the ditference be-
!*g9n the analog input and the corresponding tap on the reference
ladder. The rising edge of srRl stores the resltt 6t tnis comparison
in the master latch.

when srR2 is lor, the slave ratch samples the output of the master.
This value is held in the srave foilowing the rising edge of sTR2 and
allontpd to propagatethrough the encoding stagestoineA/D outpui.

Ft:lryting freqygncies up ro TSMHz,the two strobe inputs of the
MN5901 can be drivel by comprementary togic signali havin! i
5oo/o duty rycle. To optimize performance doove this-sampling rite,

|gf"y"r.fqquires slightly different timing. For operation at 100
MSPS, srRl should still have asoo/o dut! cycle, being high for5
nsec and lont for s nsec. In order to provideine largest possi5le oata
valid window at the digital outputs (ty,q in Figure Iy, tne low time of
sTR2 should be shortened to 3.5 nsec. Alsi, the'sampling of the
slave section of the register is optimized by delaying the iallirig "og"
gf srR2 by 3 nsec after the rising edge ot'srnr. sde Figure i. r,ro:t"
that this results in the rising edge of grne occuring aftSrthe farilng
edge of STR1.

while this sounds complicated, implementation is easy and minor
variations in this timing will not significantly atfect performance.
using just three sections of a 100102 ECL gite, all required timing
can be derived from a single-phase, sOo/o duty cycl6 clock. se6
Figure 3. All dynamic testing is done using thi5 clock circuit.
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Flgurc 2.

Strcbe Tlmlng

-2\l

Figurc 3.
Clock Clrcultry



PIN DESIGNATIONS
Pln 9ymbol Functbn

1 Vee Negative Supply \bltage
Analog Seciion

2 GND A Anelog Gmund
3 Vcc tusithte Supply \bltage

Analog Section
4 STR1 Stobo Signal 1
5 +Vner Fositlw Rebrsnce \bltage
6 +Vner, s Fosititrc Refersnce \bltage Sense
7 An Anafog Input
I An Anabg InFx
9 Vnee u Center Tap d Rebrcne Divider

10 -Vner Nogtsh/e Ret$enco \bltage
11 -Vner, s Nog6ilive Refierence Wltage Senss
12 SfR 2 Strobe Signal2

13 VEe, D

14 Vcq o

15 GND
1 6 f u
17 Dr
18 Dz
19 Dg
2 o D r
? 1 - D c
2, Ds
23 D,
24 GND I

Nogatirro Supply \fcftage
tIgitrel Sec'tlon
tusithro Supdy \bltage
Digitaf S€ction
Digltal Grcund
Bir 0 (LsiB)
B i l1
Bit 2
Bi l3
Bir 4
Bit 5
Bit 6
Bit 7 (MSB)
Gound Connec{ion br
Output Emitter Follorver

DIGITAL OUTPUT CODING

ANATOG NruT UGITAL OUTPUT

nsB L38
-Vner

-Vner +%LSB
-72LSB
+tALSB

+Vner -3/zLSB

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1
, r r r g r g ,
l o o o o o o 6
1 1 1 1 1 1 1 6

The ana@ input voltagcc rhown abow are the theordlcal voltegec br
thc conaponding diglbl output. Enmpb: Wth an anabg input of
-Vner +IALSB, the output codc witl bc el the tranCtlon d fic codcs
00000000 and 0@00001.
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