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Quad D Flip Flop with XOR Inputs
1.9 GHz Clock Rate
10G PicoLogic™ Family
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FEATURES
+ 850 ps typical clock to output delay « Temperature and voltage compensated design
+ Individual or common clock inputs *» < 50 ps clock to cutput delay skew
« Differential outputs with cammon output enable control » Ouput Wire-OR capability
+ Common asynchronous clear control « Available in 40 pin C-Leaded and Leadless chip
+ ECL and PicoLogic™ compatible 1O cayriers or die form
« Extended Temp. Range: -40°C to +100°C (10G024K)
APPLICATIONS
+ Cyclic Redundancy Check Code Generation « Complementing Register for Subtraction
+ Bit Extender for 10G061 Synchronous Counter + Pseudo-random Word Generator .
« Toggle (T) flip-flop with SEL as the toggle control + Synchronous set-reset (S-R) flip-flop with DA as
reset input and DB as the set input.
FUNCTIONAL DESCRIPTION BLOCK DIAGRAM
The 10G024 is a Gallium Arsenide quad D-type flip DOA >——o| XOR/ D aF—D—+>a0
{lop with XOR gate or 2:1 MUX data inputs DOB >~ MUY
(DOA-D3A, DOB-D3B). When the DA and DB inputs SELO >—p— _ —
are connected together, data to each of the four CLKO ’"%— clK  QfFED—7>00
stages is the XOR of this input and the SEL input, ?L
and is latched into the flip flop by the rising edge of DA > of XOR/ | | .
etther the individual clock inputs (CLK0-CLK3) or DIB o At D oD >at
the common clogk input (COMCLK). An active low SEL1 > T
common clear (CLR) input is provided for reselting CLK1 >—1—1t— [Sclk Q@ —:D___>61'
each flip flop asynchronously to a low fevel. All —& cL
device outputs can be disabled (brought low), _— JXoR/ —
without interfering with the current state of the flip ng > 12 D atgED—>02
flop, via the output enable {OUTEN) controt. This SEL2 o MUX
permits wired-OR bus connection. CLK2 S ™~ ck aH D | 5
i | CL
The 10G024 can be clocked at 2.1 GHz typically. _ | sn—
Clock to output delay at room temp. is 850 ps and D3A >——q %O/ ) aHD—j>as
the skew in output delay time Is tightly matched to D3B >~ MUX
30 ps which results in a highly symmetric output eye SEL3 > = _ .
pattern. CLK3 >} CLléL aED—r0as
COMCLK>
The 10G024 is fabricated using GigaBit's high — —
volume GaAs MESFET pracess technology. ou%n Z '
Threshold VBBS
VBB o—H - Threshold Ref.
10G024 ORDERING INFORMATION compensation Supply Generator [ T°
Min. Speed Min, Speed 3 L S
Pt_arcyl;aege 0°C to 85°C -40°C to 100°C ' VDDLVDDO VITCVEE VSS
1.9 GHz 1.6 GHz 1.0 GHz —
DA XOR/| o= D
C-Leaded G{ 10G024-2C | 10G024-3C |  10G024-2C DB N sa.ji)
Leadless CC| 10G024-2L | 10G024-3L |  10G024-2L SEL —————
Dice 10G024-3X | 10G024-2X
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10G024 OPERATION (Truth Table with XOR Gate Inputs Configured)

_ DrA= Output

Function CLR OE CLKn COMCLK DnB SEL  Qn {t4+1)
Clear * L H X X X X L
Qutput Disabled H L LorH LorH X X L
Output Enabled H H LorH LorH X X Qn(t)
XOR H H . H 0 0 0
XOR H H H 0 1 i
XOR H H H . 1 0 1
XOR H H H . i 1 0
Clock Disabled H H L = X X an(t)
Clock Disabled H H i L X X Qnlt)

10G024 OPERATION (Truth Table with 2:1 MUX Inputs Configured)

Fungtion SELn _CLR _ OE CLKn COMCLK DnA DB Qn {t+1)
Clear * X L H X X X X L
Output Disabled X H L LorH LorH X X L
Output Enabled X H H-~ LorH LorH X X Qn(t)
Select A H H H . H DnA(t) X DnA(l)
SelectB L H H I H X DnB(t) DnB(t
SelectA H H H H " DnA(Y) X DnA(t)
Sclect B L H H H I X DnB({t) DnB(1)
Clock Disabled X H H L - X X an
Clock Disabled X H H I L X X ___anit)

The operation of the 10G024 is described in the truth
tables above. The device is configured for XOR gate
inputs by connecting together the DA and DB inputs
and using this as one XOR input, the other being the
SEL input. With the inputs configured for 2:1 Muxing,
when SEL is high, A data are selected. When SEL is
low, B data are selected. Allflip flop stages are reset to
low by bringing CLR low at any time. All outputs can
be turned off for bus connectian, without altering the
current state of the flip flops, by bringing OUTEN low.

Data are clocked into the flip flop assuming the
appropriate setup and hold time requirements are met. At
any time, the clock input can be disabled by setting the
unused clock input(s) low. The current state of each flip
flop is maintained in this case.

* When both clock signals are in the high state, application
of CLR will cause data at the inputs to be clocked into the
{lip-flops at the rising edge of the CLR pulse. Hence,
avoid reseting CLR (returning to the high state) when
both CLKn and COMCLK are high.

PIN DESCRIPTIONS

DOA - D3A
DOB - D38
SELO-SEL3
CLKO - CLK3
COMCLK
CLR
OUTEN
Q0-Q3
Q0-Q3
VDDO
VDDL
VSS

VEE

VTTC

A data inputs

B data inputs

MUX select or XOR gate inputs
Individual flip flop clock inputs
Common clock input to all four flip flops
Active low asynchronous clear control
Active high output enable control

True data outputs

Complement data outputs

Output driver ground pin (OV)

Internal logic ground connection (0V)
-3.4 V power supply

-5.2 V power supply

AC return lead for the package internal
VDDO decoupling capacitor. Typically
connect to VTT.

VDCH OQutput driver high level clamp voltage. When not
used, VDCH should be connected to VDDO.
When driving ECL, VDCH may be used to fimit
VOH. Consult App. Note 4 for detail.

VBB  Reference input to the 10G024's input threshold
compensation circuit. Connect to the VBB
supplied from ECL when driving the 10G024 from
ECL. Connecttothe VBBS pin whenthe
10G024 s driven from Picol.ogic™. This pin may
not be left unconnected.

VBBS PicoLogic™ threshold reference output voltage.
Connect to VBB when driving from PicoLogic™.
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CRC ERROR DETECTION SCHEMES

DEFINITION:

Cyclical redundacy check (CRC) is an efticient method to detect errors in digital transmission systems. CRC
codes are the remalnder (R(x)) of the division between the data to be transmitted (M(x)) and a standard check

polynomial P(x). M(x) = Q(x) » P(x) + R(X)
The code R(x) is appended to the serial data M(x). Therefore, the data transmitted becomes T(x) = M{x} + R(x).
CRC error detection uses modulo - 2 arithmetic. Since modulo - 2 has no carries or borrows, addition and
substraction yield the same result. Hence,

T(x) = M(x) + R(x) = M(x} - R(x) = Q(x) * P(x)

To check the validity of the data, the receiver simply divides the received data U(x) by the same standard
polynomial P(x). If there are na errors, U{x) is equal to the transmitted polynomial T(x), and the division results

in a remainder of zero. U, _ T _ QWP _ quy+o
Px)  P(x) P(x)

CRC 16 CODE IMPLEMENTATION

a) Conceptual Diagram

15
Transmitter: R(X) = [ZO, R, Xt [Remainder of M(X)/P(X)]; Regeiver: R{X)=0 if no errors [Remainder of U(X)/P(X)]

o [ Re [ P [Re A ENEN
S RS

<
g,— cle ﬁcw ﬁcu é é ? : OC(I)npm{ ?ﬁﬁz&?ﬁm
016 LN )
P1s P15 Pu Pa P2 P' Po

18
P(X) =§P, Xi= X4 X154 X241
b) Simplified Diagram [M(X)/P(X) or U{X)/P(X)] :

P=0 —®»Ci=0 — R, ®Ci=R,®0 =R, 0<i<15

P=1 —% Ci=C16 = (R, @ Input) ® 1 = R, @ Input = R, @ Input; P, =1,0<i<15

r Ry | Ry | Ry v

| R [ B [ R
GRS

k4

o [nput

NOTE: CRC recommended references: C. Deierling, "Exclusive-OR inputs give you many uses for GaAs flip-flop”
Anticle Reprint AR-19 (See Section 8); Krishna Rallapa, "CRC error detection schemes ensures data accuracy.”
EDN, (September 5, 1978), pg. 119.
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CRC 16 IMPLEMENTATION USING FOUR 10G024's AND ONE 10G002

10G024K

CRC 16 CHECKER:

In order to check if the remainder is 0 (no error), we suggest to wire-OR the Q outputs of all flip-flops. Therefore,
only Q is available to perform the division.

I_ L L nEe L L L - Error
@8 Ry au R a3 Ry, @ R, at R, ® R,
058 pis Qi ou J'O_w Di3 . é:? 02 A  py @0 Do
Lq(_o vDD LG VDD LCI LGA-OVDD Q
1/ Input 1 ]
10G002 Q c1s 1/4 10G024 VDD

D15 = Q14 @ C16 = Q14 @ (QT5 @ Input) = QT4 @ (Q15 & Input) = Q14 @ (Q15 @ Input)
NOTE: R,to R, (two 10G024's) can be replaced by one 10G022
CRC 16 GENERATOR: Same circuit as above except:

1). A disable should be added to force C16 to VDD and allow the 10G024's to function as shift registers only, Q15
being the output.

2). Q15 should be muxed with the input in order for the transmitted data to be alternatively the input [M(X)] or Q15
[remainder R(X) appended to M(X)].

TWO BIT SYNCHRONOUS EXTENSION OF THE 10G061 USING THE 10G024

TRUTH TABLE AT COUNT 1110 OF Q1
10G061 I
Count Cout Q4 D4 Q4'COU' Q5 D5 si 8224— 32B 2
110 |0 Jo]o| o |o]o SouTH—) ) e o
1111 1 001 0 0]0 b 10G061 @ U - =
- 0000 0 1_‘{,1_ R NCou A A I
A S B B S A NS 10G024
o o {11l o lolo|le Qoata2a3
1111 i 100 1 oLt T
0000 Q 0 #0 0 1 i1
S I B S R B B (1 R ¥ v
. A I . 1. |l8 * GRITICAL PATH Q4 Qs
1110 | o (oo 0 111 ||e —
1111 11041 0 11 D5 = (Q4 + Cout) @ Q5
0000 o [1%1 0 11 = (Q4 -« Cout) ® Q5
. . P . o | e 1% = (Q4+Cout) ® Q5
. el . . |lE D4 = Q4 @ Cout
y * o . * |+ ||S| S1isa10G061 counterinfree counting mode (please refer
1110 o 1111 0 111 ||e] tothe 10G061 datasheet, pg. 3, for more details). When the
1111 1 11,0 1 1 40 10G061 reaches 15 (1111, i.e. terminal count), COUT pulses
0000 0 oo 0 0 TO high for one clock period. This causes S2A fo toggle since
) D4=Q4=Q4 @ 1. This circuit could be expanded to multiple
« It N 106061 are cascaded, then counts = 16V 10G061 counters with S1 belng the most significant counter.
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DC CHARACTERISTICS

Te = -40°C to 100°C, VSS = -3.5V TO 3.3V, VEE=-55T0O-5.1V, VDDL =VDDO = Gnd, unless atherwise indicated.
SYMBOL PARAMETER MIN | TYP | MAX | UNITS TEST CONDITIONS
lin1 Input Current; Data, Sel, CLKn -500 1 200 500 pA _VIN=-1.0Vio-16V
lin2 Input Current; COMCLK, CLR, OUTEN |-1000 | 500 { 1000 pA
1SS Power Supply Current (10G024) 260 340 mA
1SS Power Supply Current (10G024K) 260 375 mA
IEE Power Supply Current (10G024) 35 85 mA
IEE Power Supply Current (10G024K) ) 35 70 mA
VIH Input High Voltage (10G024K) -0.8 \'
ViL Input Low Voltage (10G024K) -1.8 \'
PD Power Dissipation (10G024) 1.0 1.6 W
PD Power Dissipation (10G024K) 1.0 1.7 w
NOTE:
The remaining DC Characteristics are specified in the 1 icol ogic™ Family Electrical Charagcteristi

Table at the beginning of this section. This table notes parameter deviations to Family Characteristics
and provides specific supplementary characteristics only.

AC CHARACTERISTICS (Notes1,2)
VSS=-3.5V10-3.3V, VEE=-55Vt0-5.1V, VDDL=VDDO=Gnd., unless otherwise indicated

1. Test conditions (unless otherwise noted): VBB =-1.2V, VIT =-2.0V, VTTC = VTT, Rload = 50Q to VTT,
VDCH = VDDO, VIH =-0.7 V, VIL = -1.7 V, VOH 2 -0.7 V, VOL £-1.7 V. Input signal rise and fall times <150ps.
2. Output rise and fall times are measured at the 20% and 80% points of the transition from VOL max to VOH min,

Te=0°C Te=25°C Te=85°C{ Te=0°C Te=25°C Te=85°C
SYMBOL  PARAMETER win ] aax] i v | x| wins [ e wain | max] sin ] rve max | mine [aax| UNTS

1/Te1 |Individual clock freq. 1.9 1.9 |21 1.9 1.6 16 |18 16 GHz

1/Te2 | Common clock freq. 1.6 16118 1.6 1.3 13 {15 13 GHz
Tsd |Data setup time -50 -50 50 -40 -40 -40 ps
Tss | SEL setup time -50 -50 -50 -40 -40 -40 ps
Thd |Data hold time 250 250 250 275 275 275 ps
Ths |SEL hold time 150 150 150 165 165 165 ps
Tdod |Output disable delay 375 {650 | 350|500 | 550 | 350 { 650 {400 | 700 |350 | 550 {600 | 400 | 700 ps
Tdoe |Output enable delay 350 | 600 | 350450500 | 350 ] 600 }350 | 650 {350 | 500|550 | 350 |650 { ps
Twe | Clear pulse width 500 500 550 550 ps
Tde | Output clear delay 600 | 950 | 600 | 850|900 | 600 | 950 | 600 | 10501600 | 975 1000] 600 [ 1050] ps
Tdnhl | Clock to output H-L delay | 600 | 950 | 600 | 850 ; 900 | 600 } 950 } 600 | 1050 800 | 975 ]1000] 600 | 1050 ps
Tdh |Clockto output L-H delay | 600 | 950 | 600 | 850 | 900 | 600°] 950 600 | 1050} 600 | 975 |1000} 600 | 1050] ps
Clock to output skew 50 30 150 50 50 30 |50 50 ps
Tr  [Output rise time 175 175 200 200 175 225 | ps
Tf Ouiput fall time 180 125 150 175 125 1756 ps

NOTES:

T e
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AC CHARACTERISTICS (Notes1,2)
V88=-3.5V10-3.3V, VEE=-55Vt0-5.1V, VDDL=VDDO=Gnd., unless otherwise indicated

Tc=-40°C Te=100°C
SYMBOL PARAMETER vin | Max N [ max UNITS

1Tl Individual clock freq. 1.0 1.9 |21 1.0 GHz

1/Tc2 Common clock freq. 0.8 1.6 |1.8 0.8 GHz
Tsd Data setup time -40 -50 -40 ps
Tss SEL setup time -40 -50 -40 ps
Thd Data hold time 275 250 275 ps
Ths SEL hold time 165 150 165 ps
Tdod Output disable delay 400 | 700 {350 | 500 {550 | 400|700 ps
Tdoe Output enable delay 350 | 650 |350 | 450 {500 | 350 |650 ps
Twe Clear pulse width 550 . 550 ps
Tde Output clear delay 600 | 1050§600 | 850 [900 | 600 [1050] ps
Tdhi Clock to output H-L delay 600 | 10504600 | 850 [900 {600 |1050] ps
Tdih Clock to output L-H delay 600 | 10501600 | 850 [900 | 600 [ 1050] ps
Clock to output skew 50 30 |50 50 ps
Tr Output rise time 200 175 225 ps
Tt - Output fall time 175 125 175 ps

NOTES:

1. Test conditions (unless otherwise noted): VBB = -1.2V, VTT = -2.0V, VTTC = VTT, Rioad = 50Q to VTT,
VDCH=VDDO,VIH=-0.7V, VIL=-17V,VOH2-0.7V, VOL<-1.7 V. Input signal rise and fall times <150ps.

2. Output rise and fall times are measured at the 20% and 80% points of the transition from VOL max to VOH min.

PIN FUNCTIONS - PACKAGE TYPES "L" AND "C"

vss [ vss
oA K D3A
DOB T i 334 D3B
SELO i S ol o 3
SEL1 Mo re{+4 10G024 t{ 31)f SEL2
DTA J11 /{3 ] TOPVIEW |} Q3
D1B J12g “. T £ 03
CLK{ slo'e}
D28 Q2
vss & Q2

NOTE: Pin 1 is marked
for orientation,
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SWITCHING WAVEFORMS

—

e

DxA /— .' , J |
T

DxB

SELx \

T

!
OUTEN \
CLR ~-Tcln! o]

NOTES
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gt -ogie 18 PIN PACKAGE

24 PIN METAL FLATPACK

Type H
1.250 500 Min.
7 s
A | 123
3 55
fowe .0 e o
! S o 0018 TP =151 —_ A
sil 4120
. JR— 19
1.250 A, . s
i 8 - 17
0.100 Typ. 9| 18
3 o)~ 13
—1 P S C S
I 13
y \\ U
. R 0.060 Typ. \ +0.010
Tolerancas: +0.005 0.035
All dimension in inches R 0.020 Typ. -0.005
R. 0.015 Max. 0.040 DIA.
0.040 Typ. .. 0010
@/ Section A-A ‘:91_*__ 0.160 ¥, 050
e e Detail B
See Detail B 0.020 + 0.002

18 PIN LEADLESS CHIP CARRIER

TYPE L1
0.09
TYP { 0.25 £ 0.0085Q

(230) , (6.35 = 0 20)

40.016 TYP
l ——I (0 41)

18-R 0.0087 TYP

(0.22)
14-0.024 TYP No.1 LEAD
0.031 REF ; (0.60» IDENTIFIER
(0 80) _L

l 4-0.038 TYP
0.97)
0.050 TYP
(1.27)

All dimensions shown in inches and (millimeters)
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36 PIN LEADLESS CHIP CARRIER

TYPE L36
0.100
max 0.030 +.008
P 0.020 +.008
0.016 SQ REF
:I [
] I
[
L
TOP :
VIEW : B ¥
! .
J T conduction
14 ]24 I
I
15 23
Kovar lid .012 radius typ. A
.009 radius typ.
NOTES:
1) The package bottom thermal vias, top lid surface and 4 metallized corner castellations (when present) are all at Vss
potential.
2) All dimensions in inches.
3) Plin #1 identifier may ba an elongated pad or small, square gray marker.
36 /O LEAD FLATPACK
TYPE F
WITH UNFORMED LEADS WITH FORMED LEADS
. . 0.005 thick kova
AN H H H H H H 0.350 TYP ”/ lead frame \
\ | .~ 0.010 thick kovar lid
—rh — ]‘ 1 o
] ———-* o ] .
— — z° &8 | 1
| ——1 7 1 i
/] I 8 @ [ 1
] — S § 1
— —— ¢ « o ;
| R—— —— ] 1
| — :IT ] [ v
7 b Lh =3
0.047 £ .005 :{T 0.040+.005 § S
0.085 £ .005 g
| ood0x005 T | =
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40 PIN LEADLESS CHIP CARRIER
TYPEL

*—0.105 £ 0.005

0.480 + 0.008- ;’ 0.010 thick recessed kovar lid
. g o 0.0 0.002
#——0.360 + 0.005— F 20%

i

|

{

]

i

i

BOTTOM

0.010 TYP 0.035 TYP

=
020 X 45° ‘ Id

CHAMFER — ~0020 M 0.040 REF
(4 PLCS) TYP.  *10.040£0.003

Heatsink attach area
Top surface vias (0.011 £ .001 by 0.020 + .002

40 PIN LEADED CHIP CARRIER
TYPE C

008 + 0 003 thick__,!
kovar lead __,, '_g 3108 :*;10 005 . Pin #1
[‘——O 480 + 0 008—— Tt ick recessed kovar lid :
roaeuooos—} 1 \(t\‘w 00200002
0254+ 002w othnApnnQn
it nbnisd ®

e

Bl
=
index N
== N
==} BOTTOM ==
VIEW jS—
=]

o

8

3

o

H ==

w =t

S 0025 & 003 ===

el R ‘u_ﬁu‘u@Jv (!é/'}::
gy i nlnlylalyighest 7 - 0 230 REF-
020X 45 Ll p || cosorei 0204002 .
CHAMFER 0028 TYP | adus Heatsink attach area

(4 PLCS) 1 0040+ 0003 Top surface vias (0011 + 001 by 0020 + 002

NOTES

}1; Footpnnt s JEDEC stardard outiine
(2} Top surfaca v 13 (for termimating ressstors ang decoupling capacitars) are nat

— Top_Surface

TOP SURFACE LEGEND |  Yerminabng/Decoupling Detall
avadablo onpins 34 17 18 232437 and 38

3; Top surtace matal (not includ ng vias) and p s 3and 23 are hxed at VTT porental

4) Recommendec lop surface che res s'0°s arel 040 long by 0 020 w da by 0010 |
thick typ 100 mw minnominal powar ra‘ing (Mini-Systems MSR 21 or eguva'ent) |

(5) Recommended top sur'ace cho capac fors are 0 C49 ong by O 030 wide by 0020

thick typ 25V VDOCW 100C of min (Johanson RCI case of aquivamnt) 'Screened Dielectne [:]
ig; Recommended hea'sinks a 8 GBL P/Ns S0GHS 40 A ard 90GHS 40 8

Thermally conductive, 8 ac‘wca\ly[nor»cmd.mwa fpoxry 1s racommandced for ’

|Bare Ceramic. . .. .. [ ]

} SCREBNEY DIELECTAC "0 AC™ A8 SOLOEA AN
. o AND PADY 0 SO A CN FAOMGITUND PANE
Metalized Ceramic |

heatsink attac hmant (Ablastick
or equivalent )
(8) L40 and C40 packages are dimensionally xdentical sxcept for contact hinger width

BovinbDtronG
b3

89 4 0r 581K, or Trermalloy Thermaibono™

L rsearaa
NBUT 5.QNALOR -y
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68 PIN LEADED CHIP CARRIER

TYPE CA
— fe— 0,050 (C1A)
— l— 0.060 (C1B)
0.020 ] 0.750 5q
0.010 ~i-
- _ ) ) L
Pin #1 T
index Pin #1
1 index
0.015 & 2 3
0.610 TCP‘
N 0.620 VIEW
0.040 %
¥ 5
0.035
— .
—ite—
0.010
1. Alldimensions In inches. GULLWING LEADS
2. C1A PACKAGE: Package lid, top, and pins 4, 9, 14, 21, 26, 31, 38, 43,
48, 55, 60, 65 are at common potential (system ground). 0.010 £0.005
3. C18 PACKAGE: Package lid and pins 4, 9, 14, 21, 26, 31, 38, 43, 48,
55, 80, 65 are at common potential (system ground).
4. Tolerance on all dimensions is + 1 % but not larger than + 0.005. i
Tolerance on 0.640 end pad to end pad dimension is + 0.003. T e
0.015 £0.005 a
0.020 + 0.008
132 PIN LEADED CHIP CARRIER
TYPE C3
[~ 0.950 P2 i Lead Side ),pin 1
TN pa N~ U
P2 P
0,050 [0 (2 i
P3 0. 15 0.140
Vo365 |fooso TOP 411" ~={ie-0005
De "y VIEW
Cany 0345 Pa 0.1854
—4 0.420 )
P7
Ps —t@ (C3trs
X
Capacitor
i 15803390032 USANRIERREANAN] Pé 1 N
L3111 I 0.950 |

0.190 Min.
] U Power Pins (8}

8 Ground Pins (28)
2 Signal pins (96)

All dimensions in inches




